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SECTION 1 

CONCLUSIONS AND SUMMARY 

1.1 TOXIC POLLUTANTS 

For the purpose of establishing waste water effluent 
limitation guidelines for existing sources and standards of 
performance for new sources in this study, the following 35 
inorganic chemical product subcategories were screened: 

1. Chlor-Alkali 19. Carbon Dioxide 
2. Hydrofluoric Acid 20. Carbon Monoxide and 
3. Titanium Dioxide by-product Hydrogen 
4. Aluminum Fluoride 21. Silver Nitrate 
5. Chrome Pigments 22. Ammonium Chloride 
6. Hydrogen Cyanide 23. Ammonium Hydroxide 
7. Sodium Dichromate 24. Barium Carbonate 
8. Copper Sulfate 25. Boric Acid 
9. Nickel Sulfate 26. Calcium Carbonate 

10. Sodium Bisulfite 27. Cuprous Oxide 
11. Sodium Hydrosulfite 28. Manganese Sulfate 
12. Hydrogen Peroxide 29. Strong Nitric Acid 
13. Hydrochloric Acid 30. Oxygen and Nitrogen 
14. Nitric Acid 31. Potassium Iodide 
15. Sodium Carbonate 32. Sodium Hydrosulfide 
16. Sodium Metal 33. Sodium Silicofluoride 
17. Sodium Silicate 34. Sodium Thiosulfate 
18. Sulfuric Acid 35. Sulfur Dioxide 

The screening studies showed that the plant process waste 
waters from subcategories 1 through 11 contain the toxic metals 
(see Table 3-1), cyanide and asbestos. Very few of the organic 
toxic pollutants were found in process waste streams and those 
that were identified, in most cases, were present in low level 
concentrations. 

The screening results which indicated the presence of toxic 
pollutants in significant amounts were largely confirmed by the 
results of the verification program. Verification sampling 
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accounted for 50 to 75 percent of the current inorganic chemical 
production rate in the subcategories covered. 

The sources of most of the toxic pollutants found in the 
raw wastes and treated effluents can be traced to specific 
process-related raw materials and chemicals used in the 
manufacturing operations. In the case of certain pollutants 
found in widely varying amounts or with erratic frequencies of 
occurrence, the precise identities of the sources remain unknown 
at this time, but are suspected to be process-related. 

1. 2 CONTROL AND TREATMENT TECHNOLOGY 

A considerable amount of toxic pollutant removal is 
presently achieved in the industry by the existing control and 
treatment practices. Additional removal can be accomplished by 
the application of available and demonstrated technologies which 
would add to or modify existing treatment systems. Recovery of 
the heavy metals for value or reuse in a process does not appear 
to be an attractive alternative in those industries where the 
product recovery practices now in effect do not already 
accomplish this. 

The treatment of toxic metal-bearing waste streams results 
in the production of sludges or residues which are potentially 
hazardous and may require special means for handling and 
disposal under the Resource Conservation and Recovery Act (RCRA) 
regulations. 

1.3 COSTS OF ADDITIONAL IN-PLANT TREATMENT 

The estimated incremental costs of applying the candidate 
BAT treatment options represent a relatively small proportion of 
the investment and operating and maintenance costs already 
committed to the existing BPT level treatment systems. These 
costs, however, vary widely from ind~stry to industry and are 
highly dependent on site-specific factors. 

1.4 SUBCATEGORIZATION 

A review of the product/process basis for subcategorization 
of the inorganic chemical product subcategories designated for 
study revealed that certain modifications may be appropriate 
in the interest of developing effective regulations. The toxic 
pollutant problem per se impacts subcategorization directly only 
in the Chlor-Alkali Industry where the use of graphite anodes 
contributes to the generation of chlorinated hydrocarbons. In 
the Titanium Dioxide Industry, major process and raw material 
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differences justify the creation of a separate segment for the 
sulfate process, the chloride process, and for the chloride 
process using ilmenite ore. Consideration was given to 
creating a subcategory for the combined production of 
hydrofluoric acid and aluminum fluoride in view of their similar 
waste characteristics and the current practice of combined 
treatment at several plants. However, combining these products 
into a single subcategory does not appear to offer any 
regulatory adva-ntages. 

Hydrogen cyanide is produced by the Andrussow process ano 
as a by-~ro~uct in the manufacture of acrylonitrile. By-product 
hydrogen cyanide will be covered under its primary product, 
acrylonitrile, in the Inorganic Chemicals Manufacturing 
Category. The hydrogen cyanide subcategory includes only 
manufacture by the Andrussow process. 

1. 5 RESTUDY OF REMANDED REGULATIONS 

The Fourth Circuit, U.S. Court of Appeals remanded effluent 
limitations guidelines promulgated for 11 major inorganic 
chemical products. E.I. du Pont de Nemours v. Train, 541 F.2d 
1018 (4th. Cir. 1976) revised in Part 430 u.s. 112 (1977). The 
factors affecting the control and ~reatment of pollutant 
discharges in those industries have been studied in response to 
the remanded issues. It h·as been concluded that alternative 
control and treatment technologies to those originally 
considered for BAT and NSPS may be appropriate. 
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SECTION 2 

RECOMMENDATIONS 

·On the basis of the toxic pollutant screening and 
verification results and the evaluation of applicable 
technologies for discharge control and treatment, it is 
recommended that effluent limitation guidelines, new source 
performance standards and pretreatment standards for new and 
existing sources be proposed for the following 11 inorganic 
chemical manufacturing subcategories: 

Chlor-Alkali . 
Hydrofluoric Acid 
Titanium Dioxide 
Aluminum Fluoride 
Chrome Pigments 
Hydrogen Cyanide 

Sodium Dichromate 
Copper Sulfate 
Nickel Sulfate 
Sodium Bisulfite 
Sodium Hydrosulfite 

Table 2-1 summarizes the proposed regulations for Best 
Practicable Control Technology Currently Available (BPT) • 
Summaries of proposed regulations for Best Available Technology 
{BAT), Pretreatment Standards, and New Source Performance 
Standards are given in Tables 2-2, 2-3, 2-4, 2-5, and 2-6. 
These tables indicate that Chlor-Alkali has been divided -irito 
two segments and Titanium Dioxide in three segments before 
listing the numerical effluent limitations for the proposed 
regulations. 

In addition, in the following subcategories, although toxic 
pollutant discharges have not qeen found in significant 
quantities, discharge of conventional and nonconventional 
pollutants should be controlled by the permitting authority. 

Hydrogen Peroxide 
Hydrochloric Acid 
Nitric Acid 
Sodium Carbonate 
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Sodium Metal 
Sodium Silicate 
Sulfuric Acid 



TABLE 2-1. SUMMARY OF PROPOSED REGULATIONS -
BEsr PRACTICABLE CONTROL TECHNOIIJGY 
CURRENTLY AVAILABLE (BPI') 

Effluent Limitations 
SUl::category Parameter ------------------------------------------------

Max 24-hr 
30-day Avg: Max pH Range 

kgjkkg (or lb/1000 lb.} of product 

Chlor-alkali, TSS 0.32- 0.64 
M3l::cury Cells Mercury 0.00014 0.00028 

pH 6.0 to 9.0 

Chlor-alkali, TSS 0.51 1.1 
Diaphragm Cells Chromium (T) 0.00088 0.0023 

Copper (T) 0.0044 0.011 
Lead (T) 0.010 0.026 
Nickel (T) 0.0044 0.011 
Zinc (T) 0.0044 0.011 
pH 6.0 to 9.0 

Hydrofluoric 
Acid TSS 5.3 11.0 

Flour ide (T) 2.9 6.1 
Ant:inony (T) 0.044 0.088 
Chromium (T) 0.0055 0.011 
Copper (T) 0.027 0.054 
Lead (T) 0.016 0.033 
Nickel (T) 0.0093 0.019 
Zinc (T) 0.030 0.060 
pH 6.0 to 9.0 

SOdium 
Dichromate TSS 0.22 0.44 

Hexavalent 
Chromium 0.0044 0.0088 
Chromium (T) 0.00050 0.0009 
pH 6.0 to 9.0 

Titanium 
Dioxide 
(sulfate TSS 30 110 
process) Iron (T) 1.2 4.1 

Arsenic (T) 0.24 0.4.6 
Ant:inony (T) 0.38 0.71 
cadmium (T) 0.070 0.11 
Chromium (T) 0.070 0.13 

(continue:l) 
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TABLE 2-1. Contmued 

Effluent Limitations 
Subcateg:>:ry Parameter ------------------------------------------------

Max- 24-hr 
30-day Avg Max pH Range 
kg/kkg (or -lb/1000 lb.) of product 

Titanium 
Dioxide Copper (T) 0.24 0.46 
(sulfate Lead {T) 0.14 0.21 
process) Nickel (T) 0.10 0.18 

z.mc (T) 0.24 0.50 
pH 6.0 to 9.0 

Titanium 
Dioxide TSS 6.4 23 
(Chloride Iron (T) 0.25 0.84 
Process) Chromium (T) 0.14 0.027 

pH 6.0 to 9.0 

Titanium Diox-
ide {Chloride TSS 7.7 28 
Ilmenite Pro- Iron (T) 0.30 1.0 
cess) Antinony (T) 0.096 0.18 

Arsenic (T) 0.060 0.11 
cadmium (T) 0.012 0.019 
Chromium (T) 0.012 0.023 
Copper (T) 0.060 0.11 
Lead (T) 0.036 0.054 
Nickel (T) 0.024 0.046 
z.mc (T) 0.060 0.013 

pH 6.0 to 9.0 

Alurnmum 
Fluoride TSS 1.2 2.4 

Fluoride (T) 0.63 1.3 
Chromium (T) 0.0012 0.0024 
Nickel (T) 0.0024 0.0048 
pH 6 .. 0 to 9.0 

Copper SUlfate TSS 0.023 0.069 
Copper (T) 0.0010 0.0030 
Nickel (T) 0.0020 0.0060 
Selenium (T) 0.00050 0.0015 
pH 6.0 to 9.0 

(continued) 
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TABLE 2-1. Continued 

Effluent L:imitations 
SUbcategory Pa.l:alreter ------------------------------------------------

Max 24-hr 
30-day Avg Max pH Range 
kgfkkg (or lb71000 lb.) of prcxluct 

Hydrogen 
Cyanide TSS 2.0 5.4 

.z.:mnonia -N 4.3 12 
Cyanide (Free) 0.016 0.043 
Cyanide (T) 0.23 0.65 
pH 6.0 to 10.5 

Nickel SUlfate TSS 0.032 0.096 
Nickel (T) 0.0020 0.0060 
pH 6.0 to 9.0 

Chrane Pigments TSS 3.9 9.4 
Ant:inony (T) 0.051 0.12 
caamium (T) 0.020 0.048 
Chromium (T) 0.12 0.29 
Copper (T) 0.042 0.10 
Lead (T) 0.15 0.36 
Nickel (T) 0.018 0.043 
Zinc (T) 0.12 0.29 
pH 6.0 to 9.0 

S:.:>dium Bisul-
fite TSS 0.033 0.12 

COD 1.2 3.6 
Chromium (T) 0.00017 0.00032 
Copper (T) 0.00075 0.0014 
Lead (T) 0.00045 0.00086 
Nickel (T) 0.00030 0.00057 
Zinc· (T) 0.00075 0.0014 
pH 6.0 to 9.0 

Sodium Hydro-
sulfite TSS 0.12 0.44 

COD 13 46 
pH 6.0 to 9.0 
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Sul::catego:ry 

Chlor-alkali 
Mercury Cells 

Chlor-alkali 
Diaphragm 
Cells 

Hydrofluoric 
Acid 

Sodium 
Dichromate 

(continued) 

TABLE 2-2. SUMMARY OF PROPOSED REGULATIONS -
BEST AVAILABLE TECHNOlOGY (BAT) 

Effluent Limitations 
Pararreter ------------------------------------------------

~.ax 24-hr 
30-day Avg: Max 

kgjkkg (or lb/1000 lb.) of prciiuct 

Arsenic (T) 0.00021 0.00046 
cadmium (T) 0.00011 0.00024 
Copper (T) 0.00011 0.00024 
Lead, (T) 0.00034 0.00074 
Mercury (T) 0.00010 0.00022 
Nickel (T) 0.00021 0.00046 
Silver (T) 0.00015 0.00032 
Zinc (T) 0.00042 0.00092 
Total Residual 0.00042 0.00071 
Chlorine 

Chrani.um (T) 0.00044 0.00097 ' 

Copper (T) 0.0035 0.00077 
Lead (T) 0.0019 0.0042 
Nickel (T) 0.00088 0.0019 
Zinc (T) 0.0035 0.0077 
Total Residual 0.0018 0.0030 

Chlorine 

Fluoride (T) 1.0 2.2 
Antimony (T) 0.023 0.047 
Chromium (T) 0.0013 0.0027 
Copper (T) 0.0097 0.019 
Lead (T} 0.0020 0.0040 
Nickel (T) 0.0050 0.010 
Zinc (T) 0.017 0.035 

Chromium (T) 0.0022 0.0045 
Hexavalent 

Chromium 0.00035 0.00070 
Nickel (T) 0.0012 0.0024 
Zinc (T) 0.0033 0.0066 
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TABLE 2-2. Continued 

Effluent Limitations 
Sul:cat~ry Pa:rameter ------------------------------------------------

·Max 24-hr 
30-day Avg Max 

kgfkkg (or lb/1000 lb.) of product 

Titanium 
Dioxide Iron (T) 1.2 4.1 

SUlfate 
Process Arsenic (T) 0.24 0.46 

Antim:my (T) 0.38 0.71 
cadmium (T) 0.070 0.11 
Chranium (T) 0.070 0.13 
Copper (T) 0.24 0.46 
Lead (T) 0.14 0.21 
Nickel (T) 0.10 0.18 
Zinc (T) 0.24 0.52 

Titanim 
Dioxide Iron (T) 0.25 0.84 

Chloride Chranium (T) 0.014 0.027 
Process 

Titanium 
Dioxide Iron (T) 0.30 1.0 

Chloride Antircony (T) 0.096 0.18 
Il.nenite Arsenic (T) 0.060 0.11 
Process cadmium (T) 0.012 0.019 

Chromium (T) 0.012 0.023 
Copper (T) 0.060 0.11 
Lead (T) 0.036 0.054 
Nickel (T) 0.024 0.046 
Zinc (T) 0.060 0.013 

Aluminum Fluoride (T) 0.036 0.75 
Fluoride Chromium (T) 0.00048 0.00096 

Nickel (T) 0.0020 0.0040 

Chrcme Pigments Antircony (T) 0.051 0.12 
cadmium (T) 0.020 0.048 
Chranium (T) Q.l2 0.29 
Copper (T) 0.042 0.10 
Lead (T) 0.15 0.36 
Nickel (T) 0.018 0.043 
Zinc (T) 0.12. 0.29 

(continued) 
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TABLE 2-2. Continued 

Effluent Limitations 
Sulx:ategory Parameter -------------------------------~----------------

Max 24-hr 
--· ' 30-day A_vg ~ 

kg/kkg (or lb/lOOQ lb.} of product - ' 

Copper Sulfate Ant.i.Irony (T) 0.00038 0.00072 
Arsenic (T) 0.00047 0.00089 
Cadmium (T) 0.000047 0.000089 
Chromium (T) 0.000047 0.000089 
Copper (T) 0.00038 0.00072 
Lead (T) 0.000047 0.000089 
Nickel .(T) 0.000094 0.00018 
Selenium (T) 0.000094 0.00018 
Zinc (T) 0.00038 o·.ooo72 

Hydrogen Arrlronia - N 4.3 12 
Cyanide Cyanide (Free) 0.16 0.043 

Cyanide (T) 0.23 0.65 
Total Residual 
Chlorine 0.011 0.031 

Nickel Sulfate Antiorrony (T) 0.00027 0.00081 
Chranium (T) 0.000010 0.000034 
Copper (T) 0.00027 0.00081 
Lead (T) 0.000034 0.00010 
Nickel (T) 0.00014 0.00042 
Zinc (T) 0.00027 0.00080 

Sodium COD 1.2 3.6 
Bisulfite Chranium (T) 0.00017 0.00032 

Copper (T) 0.00075 0.0014 
Lead (T) 0.00045 0.00086 
Nickel (T) 0.00030 0.00057 
Zinc (T) 0.00075 0.0014 

Sodium COD 13 46 
Hydrosulfite Zinc (T) 0.0024 0.0049 

Nickel (T) 0.00094 0.0018 
Lead (T) 0.0014 0.0027 . 
Chromium (T) 0.00047 0.00087 
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TA.I3LE 2-3. SOMMARY OF PROIDSED REGULATIONS -
PREI'REATMENT SI'ANDARDS FOR EXISI'ING 
OOURCES (PSES) 

Effluent Limitations 
SUbcategory Parameter ------------------------------------------------

Max 30-C!a.y 24-hr 
Avg Max 

(mg/1) or (kg/kkg) (mg/1) or (kg/kkg) 

Chlor-alkali Arsenic (T) 0.10 0.00021 0.22 0. 00046 
~cury Cells cadmium (T) 0.050 0.00011 0.11 0.00024 

Copper (T) 0.050 0.00011 0.11 0.00024 
Lead (T) 0.16 0.00034 0.35 0.00074 
Mercury (T) 0.048 0.00010 0.10 0.00022 
Nickel (T) 0.10 0.00021 0.22 0.00046 
Silver 0.070 0.00015 0.15 0. 00032-
Zinc 0.20 0.00042 0.44 0.00092 

Chlor-alkali 
Diaphragm Chromium (T) 0.050 0.00044 0.11 0.00097 
Cells Copper (T) 0.40 0.0035 0.88 0.0077 

Lead (T) 0.22 0.0019 0.48 o. 0042 
Nickel (T) 0.10 0.00088 0.22 0.0019 
Zinc (T) 0.40 0.0035 0.88 0.0077 

Hydrofluoric 
Acid Fluoride (T) 30 1.0 66 2.2 

Antinony (T) 0.70 0.023 1.4 0.047 
Chromium (T) 0.040 0.0013 0.080 0.0027 
Copper {T) 0.29 0.0097 0.58 0.019 
Lead (T) 0.060 0.0020 0.12 0.0040 
Nickel (T) 0.15 0.0050 0.30 0.010 
Zinc (T) 0.52 0.017 1.0 0.035 

Sodium Dichro-
nate Chromium (T) 0.32 0.0022 0.64 0.0045 

Hexavillent 
Chrcmium 0.050 0.00035 0.10 0.0070 
Nickel (T) 0.17 0.0012 0.34 0.0024 
Zinc (T) 0.47 0.0033 0.94, 0.0066 

Titanium 
Dioxide 

SUlfate Iron (T) 2.5 1.2 8.5 
%:i6 Process Arsenic (T) 0.50 0.24 0.95 

Antinony (T) 0.80 0.38 1.5 0.71 
cadmium (T) 0.15 0.07 0.24 0.11 
Chromium (T) 0.14 0.07 0.27 0.13 
Copper {T) 0.50 0.24 0.95 0.46 

(oontinued) 
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TABLE 2-3. Continued 

Effluent Limitations 
SUl:catego:ry Parameter -------------------------------------

-Max 30-day 24-hr 
Avg Max 

(mg/1.) or (kg/kkg) (mgjl) or (kg/kkg) 

Lead (T) 0.30 0.14 0.45 0.21 
Nickel (T) 0.20 0.10 0.37 0.18 
zmc (T) 0.50 0.24 1.1 0.52 

Titanium 
Dioxide Iron (T) 2.5 0.25 8.4 0.84 

Chloride Chromiun (T) 0.14 0.014 0.27 0.027 
Process 

Titanium 
Dioxide Iron (T) 2.5 0.30 8.5 1.0 

Chloride 
Ilmenite Anti.m:>ny (T) 0.80 0.096 1.5 0.18 

Process Arsenic (T) 0.50 0.060 0.95 0.11 
cadmium (T) 0.10 0.012 0.16 0.019 
Chrcmium (T) 0.10 0.012 0.19 0.023 
Copper (T) 0.50 0.060 0.95 0.11 
Lead (T) 0.30 0.036 0.45 0.054 
Nickel (T) 0.20 0.024 0.38 0.046 
zmc (T) 0.50 0.060 1.1 0.013 

Aluminum 
Fluoride Fluoride (T) 30 0.36 63 0.75 

Chrcmium (T) o.b4o 0.00048 0.080 0.00096 
Nickel (T) 0.17 0.0020 0.34 0.0040 

Chrome 
Pigments Anti.m:>ny (T) 0.48 0.051 1.2 0.12 

cadmium (T) 0.19 0.020 0.46 0.048 
Chromium (T) 1.1 0.12 2.6 0.29 
Copper (T) 0.40 0.042 0.96 0.10 
Lead (T} 1.4 0.15 3.4 0.36 
Nickel (T) 0.17 0.018 0.41 0.043 
zmc (T) 1.1 0.12 2.6 0.29 

Copper 
SUlfate Copper (T) 0.40 0.00038 0.76 0.00072 

Nickel (T) 0.10 0.000094 0.19 0.00018 
Arsenic (T} 0.50 0.00047 0.95 0.00089 
Selenium (T) 0.10 0.000094 0.19 0.00018 
cadmium {T) 0.050 0.000047 0.095 0.000089 
zmc (T) 0.40 0.00038 0.76 0.00072 

(contmued) 13 \ 



TABLE 2-3. Continued 

Effluent Limitations 
SUl:catego:cy Parameter -----------------------------------

Max 30-day 24-hr 
Avg 

(mg/1) or (kg/kkg) 
Max 

(rng/1) or (kg/kkg} 

Ch...:romium (T) 0.050 0.000047 0.095 0.00089 
Lead (T) 0.05 0. 000047 0.095 0.000089 
Ant:i.rrony {T) 0.40 0.00038 0.76 0.00072 

Hydrogen 
Cyanide cyanide (Free) 0.27 0.016 0.74 0.043 

Cyanide {T) 4.0 0.23 11 0.65 
Armronia-N · 75 4.3 210 12 

Nickel SUl-
fate Ant:i.rrony {T) 0.40 0.00027 1.2 0.00081 

Ch:r;anium {T) 0.050 0.00010 0.15 0.000034 
cbpper {T) 0.40 0.00027 1.2 0.00081 
Lead (T) 0.050 0.000034 0.15 0.00010 
Nickel {T) 0.20 0.00014 0.60 0.00042 
Zinc (T) 0.40 0.00027 1.2 0.00080 

::odium Bi-
sulfate COD 680 1.2 2400 3.6 

Chromium {T) 0.11 0.00017 0.22 0.00032 
Zinc (T) _0.50 0.00075 tl.O 0.0014 
Copper {T) 0.50 0.00075 1.0 0.0014 
Lead (T) 0.30 o. 00045 0.57 0.00086 
Nickel {T) 0.20 0.003 0.38 0.00057 

Sodium Hydro-
sulfite COD 2700 13 9700 46 

Zinc (T) 0.50 0.0024 0.95 0.0046 
Nickel (T) 0.20 0.00094 0.38 0.0018 
Lead .(T) 0.30 0.0014 0.57 ' 0.0027 
Chranium (T) 0.10 0.00047 0.19 0.00089 



Chlor-alkali 
Mercury Cells 

Chlor-alkali 
Diaphragm Cells 

Hydrofluoric 
Acid 

Sodium Dichro-
ma.te 

(continue:i) 

TABLE 2-4. ~y OF PIDPOSED REGtJLA.TIONS -
NEW SJURCE PERFORMANCE Sl'ANDARDS 
(NSPS) 

Effluent Limitations 
Paran'eter ------------------------------------------------

r.ax 24-hr 
30-day Avg Max pH Range 

kg/kkg (or lb/1000 lb.) of product 

TSS 0.32 0.64 
Arsenic (T) 0.000?1 0.00046 
Cadmium (T) 0.00011 0.00024 
Copper (T) 0.00011 0.00024 
Lead (T) 0.00034 0.00074 
Mercury (T) 0.00010 0.00022 
Nickel (T) 0.00021 0.00046 
Silver 0.00015 0.00032 
Zinc 0. 00042 0.00092 
Total Residual 0.00042 0.00071 
Chlorine 
pH 6.0 to 9.0 

TSS 0.10 0.20 
Chromium (T) o. 00047 0.00097 
Lead (T) 0.00044 0.00097 
TOtal Residual 0.0018 0.0030 
Chlorine 
pH 6.0 to 9.0 

'TSS 0.41 0.86 
Fluoride (T) 0.18 0.38 
Chromium (T) 0.00024 0.00048 
Nickel (T) 0.0009 0.0018 
Zinc (T) 0. 0030 0.0060 
pH 6.0 to 9.0 

TSS 0.18 0.35 
Chromium (T) 0.0022 0.0045 
Hexavalent Chram- . 

ium 0.00035 0.00070 
Nickel (T) 0.0012 0.0024 
Zinc (T) 0.0033 0.0066 
pH 6.0 to 9.0 
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Subcatego:cy 

Titaniun,Diox
ide (Sulfate 
Process) 

Ti taniun Diox
ide ·{Chloride 
Process) 

Titanium Diox
ide (Chloride 
Ilmenite pro
cess) 

.Alummum 
Floor ide 

(contmued} 

TABLE 2-4. Contmued 

TSS 
Iron (T) 
Arsenic (T) 
Antim:my (T) 
cadmium (T) 
Chromium (T) 
Copper (T) 
lead (T) 
Nickel (T) 
Zinc (T) 
pH 

TSS 
Iron (T) 
Chromium (T) 
pH 

... 
TSS 
Iron {T) 
Antim::my (T) 
Arsenic (T) 
cadmium (T) 
Chromium (T) 
Copper (T) 
Lead (T) 
Nickel (T) 
Z.inc (T) 
pH 

TSS 
Fluoride (T) 
Chromium (T) 
Nickel (T) 
pH· 

Effluent L:imitations 
------------------------------------------------

Max 24-hr 
30-da.y Avq Max 

kgjkkg (or lb/1000 lb.) of product 

30 
1.2 
0.24 
0.38 
0.07 
0.07 
0.24 
0 .. 14 
0.10 
0.24 

4.5 
0.18 
0.005 

1.2 
0.050 
0.025 
0.016 
0 .. 0023 
0 .. 0012 
0.0090 
0.0019 
0.0053 
0.015 

0.81 
0.36 
0.00050 
0.0020 

16 

110 
4.1 
0 .. 46 
0.71 
0 .. 11 
0 .. 13 
0.46 
0.21 
0.18 
0.52 

16 
0.59 
0.01 

4.3 
0.17 
0 .. 048 
0.030 
0.0037 
0.0023 
0.017 
0.0029 
0 .. 010 
0.032 

1.7 
0 .. 75 
0.0010 
0.0040 

pH Range 

6 .. 0 to 9.0 

6 .. 0 to 9.0 

6.0 to 9.0 



'ITffiLE 2-4 • Cont:inued 

Effluent L:imitations 
Sul:x::ategory Para!rcler ~-----------------------------------------------

~..ax 24-hr ' 
30-da.y Avg Max 

kg/kkg (or lb71000 lb.) of product 
pH Range 

Chrome Pigments TSS 3.9 9.4 
. Antirrony (T) 0.042 0.10 
Cadmium (T) 0.0011 0.0026 
Chromium (T) 0.0053 0.013 
Copper (T) 0.0053 0.013 
Lead (T) o. 0053' 0.013 
Mercury (T) 0.0011 0.0026 
Nickel (T) 0.0053 0.013 
Zinc (T) 0.0021 0.0050 
pH 6.0 to 9.0 

Copper Sulfate TSS 0.023 0.069 
Copper (T) 0.00038 0.00072 
Nickel (T) 0.000094 0.00018 
Arsenic (T) o. 00047 0.00089 
Selenium (T) 0.000094 0.00018 
Cadmium (T) 0.000047 0.000089 
Zinc (T) 0.00038 0.00072 
Chromium (T) 0.000047 0.000089 
lead (T) 0.000047 0.000089 
Anti:nnny (T) 0.00038 0.00072 
pH 6.0 to 9.0 

Hydrogen Cyan-
ide TSS 2.0 5.4 

Cyanide (Free) 0.016 0.043 
Cyanide (T) 0.23 0.65 
Amrronia-N 4.3 12 
'Ibtal Residual 
Chlorine 0.011 0.031 
pH 6.0 to 10.5 

Nickel Sulfate TSS 0.032 0.096 
Antirrony (T) 0.00027 0.00081 
Chromium (T) 0.000010 0.000034 
Copper (T) 0.00027 0.00081 
Lead (T) 0.000034 0.00010 
Nickel (T) 0.00014 0.00042 
Zinc (T) 0.00027 0.00080 
pH 6.0 to 9.0 

(continued) 
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Sodium Bisul
fite 

S::>dium Hydro
sulfite 

TABLE 2-4. Cont:inued 

Pa.raneter 

TSS 
COD 
Chromitnn (T) 
Z:inc {T) 
Copper (T) 
Lead (T) 
Nickel (T) 
pH 

TSS 
:con 
ChraniUI!l (T) 
Lead (T) 
Nickel (T) 
Z:inc 
pH 

Effluent Limitations 

Max 24-hr 
30-Clay Avg Max 

kgfkkg (or lb/1000 lb.) of product 

0.033 
1.2 
0.00017 
0.00075 
0.00075 
0.00045 
0.00030 

0.18 
13 

0.00047 
0.0014 
0.00094 
0.0024 

18 

0.12 
3.6 
0.00032 
0.0014 
0.0014 
0.00086 
0.00057 

0.44 
46 

0.00089 
0.0027 
0.0018 
0.0046 

pH Range 

6.0 to 9.0 

6.0 to 9.0 



SUOCatego:cy 

Chlor-alkali 
Mercury Cells 

Chlor-alkali 
Diaphragm 
Cells 

Hydrofluoric 
Acid 

Sodium Di
chromate 

Titanium Di
oxide (sul
fate pro
cess) 

Titanium 
Dioxide 
(chloride 
process) 

(continued) 

TABLE 2-5. S(JM)1ARY OF PIDIOSED REGOLATIONS -
PREI'RFA'IMENT BrANDARDS FOR NEW S)URCES 
(PSNS) 

Parameter 

Arsenic (T) 
Cadmium (T) 
Copper (T) 
Lead (T) 
Mercury (T) 
Nickel (T) 
Silver 
Zinc 

Chromium (T) 

Lead (T) 

Fluoride (T) 
Chranium (T) 
Nickel (T) 
Zinc (T) 

Chranium (T) 
Hexavalent 

Chranium 
Nickel (T} 
Zinc (T) 

Iron (T) 
Arsenic (T) 
Ant:inony (T} 
cadmium (T) 
Chranium (T) 
Copper (T) 
Lead (T} 
Nickel (T) 
Zinc (T} 

Iron (T) 
Chromium (T) 

Effluent Limitations 

JYf...ax 
30-day Avg 

(mg/1) or (Rg/kkg) 

0.10 
0.050 
0.050 
0.16 
0.048 
0.10 
0.070 
0.20 

0.050 

0.050 

30 
0.040 
0.15 
0.50 

- 0.32 

0.050 
0.17 
0.47 

2.5 
0.50 
0.80 
0.15 
0.14 
0.50 
0.30 
0.20 
0.50 

1.8 
0.05 
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0.00021 
0.00011 
0.00011 
0.00034 
0.00010 
0.00021 
0.00015 
0.00042 

. 0.00044 

0.00044 

0.18 
0.00024 
0.00090 
0.0030 

0.0022 

o. 00035 
0.0012 
0.0033 

1.2 
0.24 
0.38 
0.07 
0.07 
0.24 
0~14 
0.10 
0.24 

0.18 
0.005 

24'-hr 
Max 

(mg/1) or (kg/kkg) 

0.22 
0.11 
0.11 
0.35 
0.10 
0.22 
0.15 
0.44 

0.11 

0.11 

63 
0.080 
0.30 
1.0 

0.64 

0.10 
0.34 
0.94 

8.5 
0.95 
1.5 
0.24 
0.27 
0.95 
0.45 
0.37 
1.1 

5.9 
0.10 

0.00046 
0.00024 
0.00024 
0.00074 
0.00022 
0.00046 
0.00032 
0.00092 

0.00097 

0.00097 

0.38 
o. 00048 
O.OOI8 
0.0060 

0.0045 

0.00070 
0.0024 
0.0066 

4 .. 1 
0.46 
0.71 
0.11 
0.13 
0.46 
0.21 
0.18 
0.52 

0.59 
0.01 



TABLE 2-5. Continued 

Effluent Limitations 
SUb:ategory Parameter · -----------------------------------

Max 24-hr 
30-day Avg Max 

{rng/1) or {kgfkkg) (rng/1) or (kg/kkg) 

Titanium 
Dioxide Iron (Tl 1..6 0,050 5~4 0 . .,017 

Chloride 
IJ..trenite Antirrony (T). 0.80 0 •. 025 1.5 -0.0.4~ 

Process Arsenic (T). 0.50 0._016 0.95 0~0_30 

Cadmium (T) 0.075 0.0023 0.12 0.0037 
Chrcmium {T) 0.040 0.0012 0.076 0.0023 
Copper (T) · 0.029 0.0090 0.055 0.017 
Lead (T) 0.060 0.0019 0.090 0.0029 
Nickel (T) 0.17 0.0053 0.32 0.010 
Zinc (T) 0.47 0.015 0.99 0.032 

Almninum 
Fluoride Fluoride {T) 30 0.36 63 0.75 

Chrcmium {T) 0.04 0.00050 0.08 0.0010 
Nickel (T) 0.17 0.0020 0.34 0.0040 

Chrare 
Pigm:nts Antim:>ny {T) 0.40 0.042 0.96 0.10 

cadmium (T) 0.010 0.001+ 0.024 0.0026 
Chromium {T) 0.050 0.0053 0.12 0.013 
Copper (T) 0.050 0.0053 I 0.12 0.013 
Lead (T) 0.050 0.0053 0.12 0.013 
Mercury (T) 0.010 0.0011 0.024 0.0026 
Nickel (T) 0.050 0.0053 0.12 0.013 
Zinc (T) 0.020 0.0021 0.048 0.0050 

Copper 
Sulfate Antim;>ny {T) 0.40 0.00038 0.76 0.00072 

Arsenic (T) 0.50 0.00047 0.95 0.00089 
cadmi'9ffi (T) 0.050 0.000047 0.095 0.000089 
Chranium {T) 0.050 0.000047 0.095 0.000089 
Copper (T) 0.4{) 0.00038 0~76 0.00072 
Lead (T) 0.050 0.000047 0.095 0.000089 
Nickel (T) 0.10 0.000094 0.19 0.00018 
Selenium {T) 0.10 0.000094 0.19 0.00018 
Zinc' (T) 0.40 0.00038 0.76 0.00072 

Hydrogen 
Cyanide Amronia- N 75 4.3 210 12 

Cyanide (Free) 0.27 0.016 0.74 0.043 
Cyanide (T) 4.0 0.23 11 0.65 
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TABLE 2-5. Continued 

Effluent Limitations 
Sub:::ategocy Pal:ameter -------------------------------------

Max 24-hr 
30-aay Avg Max 

(mg/1) or (kg/kkg) {mg/1) or (kg/kkg) 
I 

Nickel 
Sulfate Antim:>ny {T) 0.40 0.00027 1 .. 2 0.00081 

Chromium (l'). o .. o5 0.000010 6 .. 15 0.00.0034 
Copper {l'l 0,40_ 0.00027 1~2 0..00.081 
Lead (T) 0.05 0.000034 0.15 0.00010 
Nickel {T) 0.20 0.00014 0.60 0.00042 
Zinc (T) 0.40 0.00027 1.2 0.00080 

Sodium 
Bisulfite COD 680 '1.2 2400 3.6 

Chromium (T) 0.11 0.00017 0.22 0.00032 
Zinc (T) 0.5 0.00075 1.0 0.0014 
Copper (T) 0.5 0.00075 1.0 0.0014 
Lead (T) 0.3 0.00045 0.57 0.00086 
Nickel (T) 0.2 0.00030 0.38 0.00057 

Sodium 
Hydrosulfite COD 2700 13 9700 46 

Zlnc (T) 0.50 0.0024 0.95 0.0046 
Nickel (T) 0.20 0.00094 0.38 0.0018 
Lead {T) 0.30 0.0014 0.57 0.0027 
Chromium (T) 0.10 0.00047 0.19 0.00089 

' 
: 
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TABLE 2-6. ~OF l?ROl:oSED REGULATIONS
BEsr CONVENTIONAL FOI.I.Umm' CONTROL 
TEX:!HN)LOGY (B:T) 

Effluent L.imitat:i.ons . 
Parameter ------------------------------------------------

Chlor-alkali 
Diaphragm Cell TSS 

pH 

H;ydrofluoric 
Acid TSS 

pH 

Max 24-hr 
30-aa.y Avg Max 
kg/kkg (or lb/1000 lb.) of product 

0.36 0.72 

2.3 4.8 
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pH RangE7 

6.0 to 9.0 

6.0 to 9.0 



SECTION 3 

INTRODUCTION 

3 .1 AUTHORITY 

3.1.1 The Federal Water Pol1ution Control Act Amendments 

The Federal Water Pollution Control Act (the Act) 
Amendments of 1972, 33 USC 1251 ~t seq., stated the .national 
goal of attaining by July 1, 1983, a water quality which 
provides for the protection and propagation of fish and 
shellfi~h, for recreation in or on the nation's waters, and the 
goal of eliminating the discharge of pollutants into navigable 
waters by. 1985. 

Purpose and Authority 

The Federal Water Pollution Control Act Amendments of 1972 
established a comprehensive program to "restore and maintain the 
chemical, physical, and biological integrity of the Nation's 
waters," Section lOl(a). By July 1, 1977, existing industrial 
dischargers were required to achieve "effluent limitations 
requiring the application of the best practicable control 
technology currently available" {"BPT"), Section 301 (b) (1) (A); 
and by July 1, 1983, these dischargers were.required to achieve 
"effluent limitations requiring the application of the best 
available technology economically achievable ••• which will 
result in reasonable further progress toward the national goal 
of eliminating the discharge of all pollutants" ("BAT"), Section 
30l(b) (2) (A). New industrial direct dischargers were required 
to comply with Section 306 new source performance standards 
("NSPS"), based on best available demonstrated technology; and 
new and existing dischargers to publicly owned treatment works 
("POTW") were subject to pretreatment standards under Sections 
307(b) and (c) of the Act. While the requirements for direct 
dischargers were to be incorporated into National Pollutants 
Discharge Elimination System (NPDES) permits issued under 
Section 402 of the Act, pr.etreatment standards were made 
enforceable directly against dischargers to POTW (indirect 
dischargers). 
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Although Section 402(a) (1) of the 1972 Act authorized the 
setting of requirements for direct dischargers on a case-by-case 
basis, Congress intended that for the most part control 
requirements would be based on regulations promulgated by the 
Administrator of EPA. Section 304(b) of the Act required the 
Administrator to promulgate regulations providing guidelines 
for effluent limitations setting forth the degree of effluent 
reduction attainable through the application of BPT and BAT. 
Moreover, Sections 304 {c) and 306 of the Act required 
promulgation of regulations for NSPS, and Sections 304{f), 
307 {b) , and 307 {c) required promulgation of regulations for 
pretreatment standards. In addition to these regulations for 
designated industry categories, Section 307{a) of the Act 
required the Administrator to promulgate effluent standards 
applicable to all dischargers of toxic pollutants. Finally, 
Section 50l(a) of the Act authorized the Administrator to 
prescribe any additional regulations ''-necessary to carry out his 
functions" under the Act. 

The EPA was unable to promulgate many of these regulations 
by the dates contained in the Act. In 1976, EPA was sued by 
several environmental groups, and in settlement of this lawsuit 
EPA and the plaintiffs executed a "Settlement Agreement" which 
\'las approved by the Court. This Agreement required EPA to 
develop a program and adhere to a schedule for promulgating BAT 
effluent limitations guidelines, pretreatment standards, and 
new source performance standards for 65 "priority" pollutants 
and classes of pollutants for 21 major industries. See Natural 
Resources Defense Council, Inc. v. Train, 8 ERC 2120 (D.D.C. 
1976), modified March 9, 1979. 

On December 27, 1977, the President signed into law the 
Clean Water Act of 1977. Although this law makes several 
important changes in the Federal water pollution control 
program, its most significant feature is its incorporation of 
several of the basic elements of the Settlement Agreement 
program for toxic pollution control. Sections 30l{b) {2) {A) and 
30l(b) (2) {C) of the Act now require the achievement by July 1, 
1984 of effluent limitations requlring application of BAT for 
"toxic" pollutants, including the 65 "priority" pollutants and 
classes of pollutants which Congress declared "toxic" under 
Section 307(a) of the Act. Likewise, EPA's programs for new 
source performance standards and pretreatment standards are now 
aimed principally at toxic pollutant controls. Moreover, to 
strengthen the toxics control program Section 304(e) of the Act 
authorizes the Administrator to prescribe "best management 
practices" ("BMPs") to prevent the release of toxic and 
hazardous pollutants from plant site runoff,spillage or leaks, 
sludge or waste disposal, and drainage from raw material 
storage associated with, or ancillary to, the manufacturing or 
treatment process. 
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In keeping with its emphasis on toxic pollutants, the Clean 
Water Act of 1977 also revises the control program for non-toxic 
pollutants. Instead of BAT for "conventional" pollutants 
identified under Section 304 (a) (4) (including biochemical 
oxygen demand, suspended solids, fecal coliform and pH}, the new 
Section 301 (b) (2) (E) requires achievement by July 1, 1984, of 
"effluent limitations requiring the application of the best 
conventional pollutant control technology" ( "BCT") • The 
factors considered in assessing BCT for an industry include the 
cost of attaining a reduction in effluents and the effluent 

· reduction benefits derived compared to the costs and effluent 
reduction benefits from the discharge of publicly owned 
treatment works (Section 304 (b) (4) (B). For non-toxic, 
nonconventional pollutants, Sections 30l{b) (2) (A) and (b) (2) (F) 
require achievement of BAT effluent limitations within three 
years after their establishment or July 1, 1984, whichever is 
later, but not later than July 1, 1987. 

The purpose of these proposed regulations is to provide 
effluent limitations guidelines for BPT, BAT, and BCT, and to 
establish NSPS, pretreatment standards for existing sources 
(PSES), and pretreatment standards for new sources (PSNS), under 
Sections 301, 304, 306, 307, and 501 of the Clean Water Act. 

The United States Environmental Protection Agency (the 
Agency) was entrusted with the responsibility to carry out the 
requirements of the Act, and initiated an intensive effort to 
develop the necessary regulatory means which would achieve the 
stepwise reduction and elimination of pollutant discharge 
practices in all major u.s. Industries. For the Inorganic 
Chemicals Manufacturing Point Source Category, the Agency 
designed a comprehensive, two phase program to identify the 
control parameters and establish the technological basis for 
regulations development. Phase I covered 22 Major Inorganic 
Chemical Products (1), and the · f,in§ll regulations for these 
industrial subcategories were published in the Federal Register 
on March 12, 1974. The regulations includeo specific numerical 
effluent limitations and ·standards of performance for both 
existing and new sources. zero-discharge requirements 
specified for many of the subcategories were to be applied 
either at the 1977 BPT step or later. Phase II of the Agency's 
effort resulted in the promulgation of BPT based effluent 
limitations for an additional group of 27 subcategories referred 
to as Significant Inorganic Chemical Products (2). The interim 
final regulations were published on May 22, 1975. Taken 
together, the two groups of regulations cover 49 inorganic 
chemical subcategories many of which include more than one 
specific chemical product. Although some toxic pollutant 
parameters were covered in cases where a direct relationship to 
the process was obvious (e.g., mercury and/or lead in the Chlor
Alkali Industry), the· main thrust of the regulations was the 

25 



control of the bulk pollutant parameters which accounted, in 
terms of quantity, .for most of t·he pollution loading of 
navigable waters attributable to the manufacture of inorganic 
chemicals. 

3.1.2 Court Remand of Regulations 

On March 10, 1976, the United States Court of Appeals for 
the Fourth Circuit decided in E.I. duPont de Nemours & Company, 
et al. v. Train, 541 F.2d 1018 (4th Cir. 1976), to set aside and 
remand for reconsideration a number of general definitions and 
specific ·discharge regulations promulgated in 1974. These 
regulations are all within Title 40, Parts 401 and 415 of the 
Code of Federal Regulations and are listed below: 

General Provisions 
401.11 (i) 
401.11 (q) 
401.11 (r) -

Definition of effluent limitations 
Definition of process waste water 
Definition of process waste water 

pollutant 

Chlor-Alkali 
415.63 - BATEA 

Hydrochloric Acid 
415.72 BPCTCA 
415.73 BATEA 
415.75 New sources 

Hydrofluoric Acid 
415.82 BPCTCA 
415.83 BATEA 
415.85 New sources 

Hydrogen Peroxide 
415.93 BATEA 
415.95 New sources 

N'itric Acid 
415.102 BPCTCA 
415.103 BATEA 
415.105 New sources 
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Sodium Carbonate 
415.152 BPC'J;'CA 
415.153 BATEA 
415.155 New sources 

Sodium Dichromate 
415.173 BATE A 

Sodium Metal 
415.182 BPCTCA 
415.183 BATE A 
415.185 New sources 

Sodium Silicate 
415.192 BPCTCA 
415.193 BATEA 
415.195 New sources 

Sulfuric Acid 
415.210 Appl'icabili ty 
415.212 BPCTCA 
415.213 BATEA 
415.215 New sources 

Titanium Dioxide 
415.220 Applipability 
415.222 BPCTCA 
415.223 BATE A 
415.225 New sources 

~;: 

For the most part, the main target of the remand was the 
zero discharge regulations from which the industry petitioners 
sought relief on grounds of technological infeasibility. During 
1975, the Agency funded a special study of the remand issues (3) 
and was prepared to propose amended regulations. Where 
appropriate, the results of that study are included in an 
Addendum to the present report covering those remanded 
regulations for subcategories which have been excluded from the 
present study. 

Following' the court remand of the Phase I final 
regulations, the Agency revoked the Phase II interim final and 
proposed regulations published in May, 1975, for Aluminum 
Fluoride, Chrome Pigments, Hydrogen C¥anide, and Sodium 
Silicofluoride. -In "t:his instance, the Agency's intent was to 
reconsider the specific effluent limitations established for 
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these industries (1977 step) in the light of information made 
available on process differences between plants and additional 
data on the actual concentrations and treatability of the 
regulated discharge constituents. The information was presented 
to the Agency in the form of various documents prepared by 
members of the industries concerned. These sources are also 
cited in the appropriate sections of this report. 

3.1.3 The Settlement Agreement 

A consent decree was issued in a suit filed by fdur 
environmental groups in Natural Resources Defense Council v. 
Train, 8 ERC,2120 (June 8, 1976) modified 12 ERC 1833 (December 
15, 1978). The consent decree contained a Settlement Agreement 
wherein the Agency agreed to regulate 65 toxic pollutants under 
Sections 301, 304, 306, and 307 of the Act in accordance with 
the schedule and provisions stipulated. The original list of 65 
chemicals and classes of chemicals attached to the Settlement 
Agreement was redefined to cover 129 chemical substances, 
including specific organic compounds, pesticides and their 
metabolites, polychlorinated' biphenyls (PBC's), cyanide, 13 
heavy metals and asbestos. Table 3-1 lists the 129 toxic 
pollutants (sometimes referred to in the literature as "priority 
pollutants") • 

TABLE 3-J.. RECOMMENDED LIST OF TOXIC POLLUTANTS 

Compound Name 

1. *Acenaphthene 
2. *Acrolein 
3. *Acrylonitrile 
4. *Benzene 
5. *Benzidine 
6. *Carbon ~etrachloride (tetrachloromethane) 

*Chlorinated benzenes (other than dichlorobenzenes) 

7. *Chlorobenzene 
8. 1,2,4-Trichlorobenzene 
9. Hexachlorobenzene 

*Chlorinated ethanes (including 1,2-dichloroethane, 
1,1,1,-tr~chloroethane and hexachloroethane) 

10. 1.2-Dichloroethane 
11. 1,1,1-Trichloroethane 
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12. Hexachloroethane 
13. 1,1-Dichloroethane 
14. 1,1,2-Trichloroethane 
15. 1,1,2,2-Tetrachloroethane 
16. Chloroethane 

*Chloroalkyl ethers (chloromethyl, chloroethyl and 
mixed ethers) 

17. Bis(chloromethyl) ether 
18. Bis(2-chloroethyl) ether 
19. 2-Chloroethyl vinyl ether (mixed) 

20. 

*Chlorinated naphthalene 

2-Chloronaphthalene 

*Chlorinated phenols (other than those listed 
elsewhere; includes trichlorophenols 
and chlorinated cresols) 

21. 2,4,6-Trichloraphenol 
22. Parachlorometa cresol 
23. *Chloroform (trichloromethane) 
24. *2-Chlorophen61 

*Dichlorobenzenes 

25. 1,2-Dichlorobenzene 
.26. 1,3-Dichlorobenzene 
27. 1,4-Dichlorobenzene 

*Dichlorobenzidine 

28. 3,3'-Dichlorobenzidine 
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*Dichloroethylenes (1,1-dichloroethylene and 
1,2-dichloroethylene) 

29. 1,1-Dichloroethylene 
30. 1,2-Trans-dichloroethylene 
31. *2,4-Dichlorophenol 

*Dichloropropane and dichloropropene 

32. 1,2-Dichloropropane 
33. 1,2-Dichloropropylene (1,3-dichloropropene) 
34. *2,4-Dimethylphenol 

*Dinitrotoluene 

35. 2,4-Dinitrotoluene 
36. 2,6-Dinitrotoluene 
37. *1,2-Diphenylhydrazine 
38. *Ethylbenzene 
39. *Fluoranthene 

*Haloethers (others than those listed elsewhere) 

40. 4-Chlorophenyl phenyl ether 
41. 4-Bromophenyl phenyl ether 
42. Bis(2-chloroisopropyl) ether 
43. Bis(2-chloroethoxy) methane 

*Halomethanes (other than those listed elsewhere) 

44. Methylene chloride (dichloromethane) 
45. Methyl chloride (chloromethane) 
46. Methyl bromide (bromomethane) 
47. Bromoform (tribromomethane) 
48. Dichlorobromomethane 
49. Trichlorofluoromethane 
50. Dichlorodifluoromethane 
51. Chlorodibromomethane 
52. *Hexachlorobutadiene 
53. *Hexachlorocyclopentadiene 
54. *Isophorone 
55. *Naphthalene 
56. *Nitrobenzene 
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57. 
58. 
59. 
60. 

61. 
62. 
63. 
64. 
65. 

66. 
67. 
68. 
69. 
70. 
71. 

72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 

*Nitrophenols (including 2,4-dinitrophenol and 
and dinitrocresol) 

2-Nitrophenol 
4-Nitrophenol 
2,4-Dinitrophenol 
4,6-Dinitro-o-cresol 

*Nitrosamines 

N-nitrosodimethylamine 
N-nitrosodiphenylamine 
N-nitrosodi-n-propylamine 
*Pentachlorophenol 
*Phenol 

*Phthalate esters 

Bis(2-ethylhexyl) phthalate 
Butyl benzyl phthalate 
Di-n-butyl phthalate 
Di-n-cetyl pht'halate 
Diethyl phthalate 
Dimethyl phthalate 

*Polynuclear aromatic hydrocarbons 

Benzo(a)anthracene (1,2-benzanthracene) 
Benzo (a) pyrene (3,4-bepzopyrene) 
3,4-Benzofluoranthene 
Benzo(k)fluoranthane (11,12-benzofluoranthene) 
Chrysene 
Acenaphthylene 
Anthracene 
Benzo(ghi)perylene (1,12-benzoperylene) 
Fluorene 
Phenanthrene 
Dibenzo (a,h)anthracene (1,2,5,6-dibenzanthracene) 
Indeno (1,2,3-cd)pyrene (2,3,-o-phenylenepyrene) 
Pyrene 
*Tetrachloroethylene 
*Toluene 
*Trichloroethylene 
*Vinyl chloride (chlorethylene) 
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89. 
90. 
91. 

92. 
93. 
94. 

95. 
96. 
97. 

98. 
99. 

100. 
101. 

102. 
10'3. 
104. 
105. 

106. 
107. 

*Pesticides and metabolites 

*Aldrin 
*Dieldrin 
*Chlordane (technical mixture & metabolites) 

DDT and metabolites 

4,4'-DDT 
4,4'-DDE (p,p'-DDX) 
4,4'DDD (p,p'-TDE) 

*Endosulfan and metabolites 

A-endosulfan-Alpha 
B-endosulfan-Beta 

Endosulfan sulfate 

*Endrin and metabolites 

Endrin 
E ndr in aldehyde 

*Heptachlor and metabolites 

Heptachlor 
Heptachlor epoxide 

*Hexachlorocyclohexane (all isomers) 

A-BHC-Alpha 
B-BHC-Beta 
R-BHC (lindane)-Gamma 
G-BHC-Delta 

*Polychlorinated biphenyls (PCB's) 

PCB-1242 (Arochlor 1242) 
PCB-1254 (Arochlor 1254) 
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108. 
109. 
110. 
111. 
112. 
113. 
114. 
115. 
116. 
117. 
118. 
119. 
120. 
121. 
122. 
123. 
124. 
125. 
126. 
127. 
128. 
129. 

-

PCB-1221 (Arochlor 1221) 
PCB-1232 (Arochlor 1232) 
PCB-1248 (Arochlor 1248) 
PCB-1260 (Arochlor 1260) 
PCB-1016 (Arochlor 1016} 
*Toxaphene 
*Antimony (Total) 
*Arsenic (Total) 
*Asbestos (Fibrous) 
*Beryllium (Total} 
*Cadmium (Total} 
*Chromium (Total) 
*Copper (Total} 
*Cyanide (Total) 
*Lead (Total) 
*Mercury (Total) 
*Nickel (Total} 
*Selenium (Total) 
*Silver (Total} 
*Thallium (total) 
*Zinc (Total) 
**2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) 

*Specific compounds and chemicals classes as listed in the 
Consent Decree. 

**This compound was specifically listed in the Consent Decree. 
Because of the extreme toxicity of TCDD, the Agency recommended 
that laboratories not acquire analytical standards for this 
compound. Categories and specified the scope of application of 
effluent limitations, new source performance standards, and 
pretreatment standards within each category in terms of the 
Standard Industrial Classification (SIC) code numbers. For the 
Inorganic Chemicals Manufacturing Point Source Category, the 
major industries included are: 

SIC 2812 
SIC 2813 
SIC 2816 
SIC 2819 

- Alkalies and Chlorine 
- Industrial Gases 
- Inorganic Pigments 
- Industrial Inorganic Chemicals, 

Not Elsewhere Classified 

Within these industries, the Agency has identified 63 
subcategories listed in Table 3-2 for the initial study of the 
toxic pollutant problem. Most of these subcategories, 49 in 
all, had already been covered by BPT and BAT discharge 
regulations promulgated in 1974 and 1975. Those regulations 
established point of discharge control levels for the 
conventional parameters such as pH, TSS, TOC, BOD, and oil and 
grease. In many cases, specific ch,emical parameters were 
regulated, particularly Arsenic, Chromium, Copper, Mercury, 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 
a. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 

'29. 
30. 
31. 
32. 

TABLE 3-2. SCOPE OF INDUSTRY COVERAGE WITHIN THE INORGANIC 
CHEMICALS MANUFACTURING POINT SOURCE CATEGORY 

Subcategories Designated for Initial Study 

Chlor-Alkali 
Hydrofluoric Acid 
Hydrogen Peroxide 
Titanium Dioxide 
Aluminum Fluoride 
Chrome Pigments 
Hydrogen Cyanide 
Sodium Dichromate 
Carbon Dioxide 
Carbon Monoxide/Hydrogen 
Copper Sul~ate 
Nickel Sulfate 
Silver Nitrate 
Sodium Bisulfite 
Sodium Hydrosulfite 
Hydrochloric Acid 
Nitric Acid 
Sodium Carbonate 
Sodium Metal 
Sodium Silicate 
Sulfuric Acid 
Ammonium Chloride 
Ammonium Hydroxide 
Barium Carbonate 
Boric Acid 
Calcium Carbonate 
Copper Oxide 
Manganese Sulfate 
Strong Nitric Acid 
Oxygen and Nitrogen 
Potassium Iodide 
Sodium Hydrosulfide 
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33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 

Sodium Silicofluoride 
Sodium Thiosulfate 
Sulfur Dioxide 
Bromine 
Calcium Hydroxide 
Chromic Acid 
Fluorine 
Hydrogen 
Iodine 
Potassium Chloride 
Stannic Oxide 
Zinc Sulfate 
Calcium Carbide 
Calcium Oxide 
Potassium Metal 
Potassium Sulfate 
Sodium Bicarbonate 
Borax 
Ferric Chloride 
Lead Monoxide 
Sodium Fluoride 
Aluminum Chloride 
Aluminum Sulfate 
Potassium Dichromate 
Calcium Chloride 
Sodium Chloride' 
Sodium Sulfite 
Potassium Permanganate 
Zinc Oxide 
Lithium Carbonate 
Ferrous Sulfate 



Nickel, Lead, Selenium, Zinc, and Cyanide, which are now 
included in the list of toxic pollutants. Other regulated 
parameters such as Al, Ba, Fe, ammonia, fluoride and sulfide are 
not presently listed as toxic chemicals but are to be treated as 
nonconventional pollutants under future discharge limitations 
and standards of performance.' 

Nearly half of the. initial 63 
recommended for exclusion from this 
specific provisions for such exclusion 
Settlement Agreement. The bases for 
follows: 

subcategories have been 
study on the basis of 
under Paragraph 8 of the 
these exclusions are as 

No. 63, Ferrous Sulfate, is already covered by the Titanium 
Dioxide - Sulfate Process subcategory and does not require 
separate consideration. 

No's. 60, 61, and 62 (Potassium Permanganate, Zinc Oxide, 
and Lithium Carbonate) have only one plant each (or one 
plant with a wet process discharge), and represent 
nonsignificant discharges of toxic pollutants. No's. 27 
and 28 (Copper Oxide and Manganese Sulfate) are also single 
plants, but were covered in screening. 

No's. 36 through 59 have existing BPT or BAT regulations 
requiring zero discharge of process waste water to 
navigable water and there are no known discharges to a 
POTW. Continued enforcement of the existing regulations 
will provide adequate control of toxic pollutants. 

The remaining 35 nonexcluded subcategories (Table 3-2, 
No's. 1 through 35) are covered in this report. This group also 
includes the 11 subcategories whose final regulations were 
remanded for restudy in E.I. duPont de ·Nemours and Company, et 
al. v. Train, supra, and the four additional subcategories whose 
interim, final or proposed regulations were revoked and reserved 
by the Agency. 

It was anticipated by the Agency that a substantial number 
of the 35 industries to be screened would also qualify for 
exclusion under Paragraph 8 on the basis of the analytical 
results obtained from the process waste water toxic pollutant 
screening program. A preliminary prioritization indicated that 
the initial detailed study and regulation development would 
focus on the first 15 subcategories. 

This judgment has been substantially supported by the 
analytical results of the· screening programs and a number of 
additional exclusions are being recommended for subcategories 
in which nonsignificant · toxic pollutant discharges have 
been determined. A detailed presentation of the analytical 
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results is given under the individual subcategory sections of 
this report. The additional recommended exclusions include the 
following: 

No. 

1. 
2. 
3. 
4. 

17. 
18. 
19. 
21. 
22. 
23. ' 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
34. 
35. 

Subcategory 

Hydrogen Peroxide 
Carbon Dioxide 
Carbon Monoxide/Hydrogen 
Hydrochloric Acid 
Nitric Acid 
Sodium Carbonate 
Sodium Metal 
Sulfuric Acid 
Ammonium Chloride 
Ammonium Hydroxide 
Barium Carbonate 
Boric Acid 
Calcium Carbonate 
Copper Oxide (one plant) 
Manganese Sulfate (one plant) 
Strong Nitric Acid 
Oxygen and Nitrogen 
Potassium Iodide 
Sodium Hydrosulfide 
Sodium Thiosulfate 
Sulfur Dioxide 

Silver Nitrate, No. 13, and Sodium Silicofluoride, No. 33, ~re 
being deferred for future study under Phase II of the BAT 
regulation development program for Inorganic Chemicals. This 
deferrment was caused by problems with plant access during the 
course of the present study. 

3. 2 GENERAL APPROACH AND METHODOLOGY 

Initiating and undertaking a comprehensive study of the 
toxic pollutant problem in the Inorganic Chemicals Industry was 
preceded by an intensive evaluation by the Agency of the kinds 
of data and supporting information that should be assembled as a 
basis for the development of regulations. All major decisions 
on the identity of pollutants and the establishment of effluent 
limitations and standards of performance for each subcategory 
had to be supportable by documented evidence collected from 
operating production facilities. Similarly, the necessary 
information on production rates, processes, raw materials, water 
use, waste sources, and treatment technologies in practice had 
to be acquired with sufficient detail and breadth of coverage to 
permit an analysis of the engineering and economic variables 
that are characteristic of each subcategory. Toxic pollutant 
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control regulations would be based on the application-of best 
available technology for treatment and reliable performance 
evaluations for the removal of specific waste substances. 

The following paragraphs briefly.describe the major study 
tasks and their results as they are presented in this -report. 

3.2.1 Industry Data Base Developitent and Subcategorization 
Review 

Information from individual manufacturers and previous 
study documents were reviewed in detail and an evaluation of the 
appropriateness of subcategorization was performed. Section 4 
presents a discussion of the factors coniidered in 
subcategorization and presents the rationale for maintaining the 
present scheme of subcategorization for the industries studied. 

3.2.2 The Screening and Verification Sampling Programs 
• 

The collection of detailed analytical data on conventional, 
nonconventional and toxic pollutant concentrations in raw and 
treated process waste streams was completed in a two-phase 
sampling program. The·first phase, screening, was designed to 
provide a representative, one-time 72-hour sampling of a plant 
in each subcategory in order to determine the presence of toxic 
pollutant~· and to evaluate their potential environmental 
significance. The sampling and analytical methodology is 
described in Section 5, along with the basis for making a 
decision on the need for verification sampling in each 
subcategory. 

3.2.3 Engineering Evaluations 

Section 6 describes the procedures and sources used in 
developing the industry productions and waste water generation 
characteristics that form the basis of the model plant concept. 
The sources of detailed process and waste treatment information 
are also presented. Section 7 contains an evaluation of 
treatment technology presently applied in BPT systems and 
advanced technologies that may be recommended for BAT and NSPS 
applications. Section 8 provides estimates of the treatability 
of selected toxic and nonconventional pollutants to be applied 
in the development of achievable performance characteristics for 
specific technologies. Section 8 also presents a discussion of. 
the approach taken· in the statistical analysis of long-term 
monitoring data. The statistically derived parameters, 
including variability factors for 24-hour maxima and maximum 30-
day averages are presented in Appendix A. Section 9 lays the 
groundwork for the estimation of pollutant removal performances 
for each nonexcluded subcategory. The candidate toxic 
pollutants to be controlled in each subcategory are identified 
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on the basis of the screening and verification data and the 
rationale for the application of advanced level technologies is 
presented. 

3.2.4 Treatment System Cost Estimates 

Section 10 presents the general approach to cost 
estimating, discusses the assumptions made, and gives the 
detailed cost estimates for alternative levels of treatment and 
control. For each subcategory verified, ~he total estimated 
installed cost of a typical BPT treatment system is developed on 
the basis of the model plant design specifications and estimated 
incremental cost:=; are given for each of the advanced level 
treatment alternatives. 

3.3 GENERAL CRITERIA FOR EFFLUENT LIMITATIONS 

• 
3.3.1 BPT Effluent Limitations 

The factors considered in defining best practicable control 
technology currently available (BPT) include the total cost of 
applying such technology in relation to the effluent reductions 
derived from such application, the age of equipment and 
facilities involved, the process employed, non-water quality 
environmental impacts (including energy requirements), and 
other factors the Administrator considers appropriate (Section 
304(b) (1) (B)). In general, the BPT technology level represents 
the average of the best existing performances qf plants of 
various ages, sizes, processes, or other common characteristics. 
Where existing performance is uniformly inadequate, BPT may be 
transferred from a different subcategory or category. BPT 
focuses on end-of-pipe treatment rather than process changes or 
internal controls, except where such are common industry 
practice. The cost/benefit inquiry for BPT is a limited 
balancing, committed to EPA's discretion, which does not require 
the Agency to quantify benefits in monetary terms. See, e.g., 
American Iron and Steel Institute v. EPA, 526 F.2d 1027 (3rd 
Cir. 1975). -In balancing costs in relation to effluent 
reduction benefits, EPA considers the volume and nature of 
existing discharges, the volume and nature of discharges 
expected after application of BPT, the general environmental 
effects of the pollutants, and the cost and economic impacts of 
the required pollution control level. The Act does not require 
or permit consideration of water quality problems attributable 
to particular point sources or industries, or water quality 
improvements in particular water bodies. Therefore, EPA has not 
considered these factors. See Weyerhaeuser Company v. Costle, 
590 F.2d 1011 (D.C. Cir. 1978). 
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3.3.2 BAT Effluent Limitations 

The factors considered in assessing best available 
technology economically achievable (BAT) include the age" of 
equipment and facilities involved, the process employed, process 
changes, non-water quality environmental impacts (including 
energy requirements), (Section 304(b) (2) (B)). At a minimum, the 
BAT technology level represents the best economically achievable 
performance of plants of various ages, sizes, processes, or 
other shared characteristics. As with BPT, uniformly inadequate 
performance may require' transfer of BAT from a different 
subcategory or category. BAT may include process changes or 
internal controls, even when these technologies are not common 
industry practice. The statutory assessment of BAT "considers" 
costs, but does not require a balancing of costs against 
effluent reduction benefits (see Weyerhaeuser v. Costle, supra). 
In developing the proposed BAT, however, EPA has given 
substantial weight to the reasonableness of costs. The Agency 
has considered the volume and nature of discharges, the volume 
and nature of discharges expected after application of BAT, the 
general environmental effects of the pollutants, and the costs 
and economic impacts of the required pollution control levels. 
Despite this expanded consideration of costs, the primary 
determinant of BAT is effluent reduction capability. As a 
result of the Clean Water Act of 1977, 33 USC 1251 et seq., the 
achievement of BAT has become the principal national means of 
controlling water pollution due to toxic pollutants. 

3.3.3 BCT Effluent Limitations 

The 1977 amendments added Section 30l{b) (2) (E) to the Act, 
establishing "best conventional pollutant control technology" 
(BCT) for discharges of conventional pollutants from existing 
industrial point sources. Conventional pollutants are those 
defined in Section 304(b) (4) -BOD, TSS, fecal coliform, and pH 
and oil and grease, designated by the Administrator as 
"conventional" on July 30, 1979, 44 FR 44501. BCT is not an 
additional limitation, but replaces BAT for the control of 
conventional pollutants. BCT requires that limitations for 
conventional pollutants be assessed in light of a nev1 "cost 
reasonableness" test, which involves a comparison of the cost 
and level of reduction of conventional pollutants from the 
discharge of publicly owned treatment works to the cost and 
level of reduction of such pollutants from a class or category 
of industrial sources. In its review of BAT for industries not 
covered by the NRDC Consent Decree, the Agency promulgated BCT 
levels based on a methodology described at 44 FR 50732 (August 
26, 1979). This methodology compares subcategory removal costs 
(dollars per pound of pollutant, measuring from BPT to BAT) with 
costs experienced by POTWs. EPA applied this methodology to the 
costs of removal of conventional pollutants in the 11 
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subcategories of the inorganic chemicals manufacturing industry 
affected by these proposed regulations. Models were chosen to 
represent the average size plant in each subcategory. The total 
annualized cost of each control technology and the total pounds 
per year of TSS removed were then computed for each of these 
model plants. The Agency is proposing, based on this analysis, 
that BCT should be equal to BPT except in the case of the 
diaphragm cell portion of the Chlor-Alkali subcategory. In this 
subcategory, EPA is proposing limitations based on dual media 
filtration. The costs of this technology in the diaphragm cell 
portion of the Chlor-Alkali subcategory are explained below in 
the discussion of the treatment options for that subcategory. 
For all other subcategories, EPA is proposing that BCT equal BPT 
either because additional removal failed the cost test or 
because EPA is proposing BAT equal to BPT. 

For Aluminum Fluoride and Sodium Dichromate, the cost in 
dollars per pound for removal of additional conventional 
pollutants is $2.06 and $13.40, respectively. For Chlor-Alkali -
mercury cell process, Hydrogen Cyanide, and Sodium Hydrosulfite, 
BCT is being proposed equal to BPT because the technology added 
for BAT does not impact the removal of conventional pollutants. 
EPA is proposing a distinct BCT standard for the Chlor-Alkali -
diaphragm cell process and Hydrofluoric Acid as discussed below. 
In the remaining subcategories, BPT is proposed equal to BAT 
which automatically makes BCT equal to BPT. 

In the Chlor-Alkali - mercury cell process segment and the 
Hydrogen Cyanide snd Sodium Hydrosulfite Subcategories, BCT is 
being proposed equal to BPT because the technology added for BAT 
does not impact the removal of conventional pollutants. 

In the Aluminum Fluoride subcategory, the cost for removal 
of additional conventional pollutants is $2.06 per pound. Thus, 
BCT is proposed equal to BPT because the cost is greater than 
the $1.15 per pound cost for removal of conventional pollutants 
from a publically owned treatment works (POTW) • The calculation 
is as follows: 

$1.77 (kg/2.2 lb.) 
(1.2 kg/kkg - 0.81 kg/kkg) 

= $2.06 per pound 
of TSS removed 

Where $1.77 is the· increased cost for BAT treatment over 
BPT treatment cost in dollars per kkg of production from Table 
15-9, 1.2 kg/kkg is proposed for the BPT suspended solids 
.limitation from Table 15-19, 0.81 kg/kkg is achievable by use of 
BAT technology applied to suspended solids removal developed for 
Table 15-23. A conversion ~actor of 2.2 pounds per kilogram is 
used. 
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In the Sodium Dichromate Subcategory, the cost for removal 
of additional conventional pollutants is $13.40 per pound. 
Thus, BCT is proposed equal to BPT because the cost is greater 
then the $1.15 per pound cost for removal of conventional 
pollutants from a publically owned treatment works. The 
calculation is as follows: 

$1 . 18 {kg I 2 • 2 lb • > 
(0.22 kg/kkg- 0.18 kg/kkg} 

= $13.40 per pound 
of TSS removed 

Where $1.18 is the increased cost for BAT treatment over 
BPT treatment cost in dollars per kkg of production from Table 
18-12, 0. 22 kg/kkg is proposed for the BPT suspended solids 
limitation from Table 18-15, and 0.18 kg/kkg is achievable by 
use of BAT technology applied to suspended solids removal for 
Table 18-16. 

In the Hydrofluoric Acid Subcategory, the cost for removal 
of additional conventional pollutants is $0.37 per pound. Thus, 
a BCT regulation is established because the cost for removal of 
additional conventional pollutants is less than the $1.15 per 
pound cost for removal of conventional pollutants from a 
publically owned treatment works. The calculation js as 
follows: 

$2.42 (kg/2.2 lb.) 
(5.3 kg/kkg - 2.3 kg/kkg) 

= $0.37 per pound 
of TSS removed 

Where $2.42 is the increased cost for BAT treatment over 
BPT treatment cost in dollars per kkg of production from Table 
12-15, where 5.3 kg/kkg is proposed for the BPT total suspended 
solids limitation from Table 12-24, where 2.3 kg/kkg is 
reduction of TSS achievable by application of filtration to the 
waste waters. Because additional removal of conventional 
pollutants passes the cost test, the regulation for BCT for TSS 
is set at 2.3 kg/kkg as a 30-day maximum average and using a 
variability factor ratio (VFR) of 2.1 to establish a daily 
maximum of 4.8 kg/kkg. 

In the diaphragm cell segment of the Chlor-Alkali 
Subcategory, the cost for removal of additional convention!=il 
pollutants is $1.09 per pound. This is less than the $1.15 per 
pound cost of conventional pollutant removal in a publically 
owned treatment works. This determination was made by 
estimating the BAT cost (Table 11-33) of a 30 percent reduction 
in the BPT maximum 30-day average TSS effluent loading (Table 
11-36) as follows: 

($0.36/kkg) (kg/2.2 lb.) 
0.51 kg/kkg- (1.00 - 0.30) (0.51 kg/kkg) 
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Thus, on the basis of adding dual media filtration to the 
BPT treatment, the Agency is proposing a BCT regulation of TSS. 
The proposed maximum 3Q-day average effluent limitation is: 

(1.00 - 0.30) (0.51 kg/kkg) = 0.36 kg/kkg 

and the proposed daily maximum is obtained by applying the 
variability factor ratio (VFR) value of 2.0 as follows: 

(2.0) (0.36 kg/kkg) = 0.72 kg/kkg 

In the remaining subcategories, BPT is proposed equal to 
BAT which automatically makes BCT equal to BPT. 

3.3.4 New Source Performance Standards 

The basis for new source performance standards (NSPS) under 
Section 306 of the Act is the best available demonstrated 
technology. New plants have the opportunity to design the best 
and most efficient inorganic chemicals manufacturing processes 
and waste water treatment technologies, and Congress therefore 
directed EPA to consider the best demonstrated process changes, 
in-plant controls, and end-of-pipe treatment technologies which 
reduce pollution to the maximum extent feasible. 

3.3.5 Pretreatment Standards for Existing Sources 

Section 307 (b) of the Act requires EPA to promulgate 
pretreatment standards for existing sources (PSES) which must be 
achieved within three years of promulgation. PSES are oesigned 
to prevent the discharge of pollutants which -pass through, 
interfere with, or are otherwise incompatible with the operation 
of POTWs. The Clean Water Act of 1977 adds a new dimension by 
requiring pretreatment for pollutants, such as heavy metals, 
that limit POTW sludge management alternatives, including the 
beneficial use of sludges on agricultural lands. The 
legislative history of the 1977 Act indicates that pretreatment 
standards are to be technology-based, analogous to the best 
available technology for removal of toxic pollutants. The 
general pretreatment regulations which served as the framework 
for these proposed pretreatment regulations can be found at 40 
CFR Part 403, 43 FR 27736 (June 26, 1978). In some instances 
PSES regulations have been established for subcategories not 
presently discharging to a POTW. This establishes regulation 
for plants that may choose to change their discharge to a POTW. 

3.3.6 Pretreatment Standards for New Sources 

Section 307 (c) of the Act requires EPA to promulgate 
pretreatment standards for new sources (PSNS) at the same time 
that it promulgates NSPS. New indirect dischargers, like new 
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direct dischargers, have the opportunity to incorporate the best 
avail?ble demonstrated technologies including process changes, 
in-plant controls, and end-of-pipe treatment technologies, and 
to use plant site selection to ensure adequate treatment system 
installation. 
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SECTION 4 

SUBCATEGORIZATION REVIEW 

4 .1 BASIS FOR SUBCATEGORIZATION 

4.1.1 Factors Considered 

The inorganic chemicals industry is very large and 
diversified and has been segmented into subcategories for 
the purpose of establishing effluent guidelines. Factors 
taken into consideration for subcategorization - include: 
raw materials used, product produced, manufacturing process 
employed, geographical location, size and age of equipment 
and facility involved, nonwater quality aspects of waste 
characteristics, water pollution control technology, 
treatment costs, .energy requirements and solid waste 
disposal. Following is a discussion of each of the genera1 
factors considered for this industry. 

Raw Materials 

Different raw materials are used to manufacture a wide 
variety of products, and vary from raw brines and ores to pure 
reagent chemicals. Some proceses use waste or by-product 
streams from other plants or from other processes within the 
same plant. ' 

Because of this diversification, raw material 
characteristics generally do not constitute a logical basis 
for subcategorization. Variations in raw material quality or 
purity are not normally sufficient to cause a great difference 
in waste water treatment needs, except in the case 'of 
trace toxic materials which may occur,in some sources but not 
in others. 

Dominant Product 

Subcategorization by chemical name of the dominant 
inorganic chemical produced involves the least ambiguity 
in applying standards to a given point source. This is 
critical because of the great variety of product mix, 
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manufacturing processes, waste water 
other factors at existing plants. 
product becomes less useful as product 
complexity because multi-product waste 
more complex and less susceptible 
treatment. 

constituents, and 
Subcategorization by 

mix increases in 
water also becomes 

to simple uniform 

A subcategory established on the basis of product 
manufactured might have two or more different processes but, 
in the majority of cases, the' characteristic of the waste 
waters is similar and the same treatment technology can be 
applied for different process waste waters. If two or 
more dissimilar processes produce waste water of different 
quality, and different treatment technologies have to be used, 
then the subcategory has to be further classified or 
segmented, for example, the Chlor-alkali Industry. 

Manufacturing Process 

Typically, inorganic chemicals are manufactured for 
captive or merchant use in four or more steps starting from raw 
material to final product. Two or more different products 
might use the same process but then the raw materials used, 
process sequence, control, recycle potential, handling, and 
quality control will vary, producing wastes of 
different quality. Primary subcategorization, therefore, 
by process is unlikely to be useful. However, secondary 
subcategorization by process has been necessary in some cases. 

Geographical Location 

Inorganic chemical plants exist in all parts of the 
United States but subcategor ization on this basis is not 
appropriate. Geographical location is important in analyzing 
the feasibility of various treatment alternatives. 
Evaporation ponds are functional only in areas. where 
evaporation exceeds rainfall. Ocean dumping and deep well 
disposal are possible only 'in certain areas, and must be 
consistent with local, State and Federal laws. 
Theppossibility of ground water contamination may preclude the 
use of unlined holding and settling ponds in many locations. 

In the northern regions, climatic conditions may 
necessitate the inclusion of special provisions to prevent 
freezing of treatment system components, particularly 
biological oxidation units, clarifiers, ponds, and open 
collection systems. The costs of utili zing waste heat 
sources from the process or providing various types of 
thermal protection, such as insulation or burial of pipes and 
tanks and _building structural shelters·, may add considerably 
to the capital and 0 & M cost associated with a treatment 
technology. 
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Thus, the influence of geography, climate, geology, 
etc. is reflected in waste treatment modifications 
and is primarily manifested in the cost of treatment. This, 
of itself, is not a good basis for subcategorization. 

Plant Size 

Plant size and production capacity were not found to 
affect the characteristics of the waste produced. Although 
plant size can affect treatment cost, this variability can 
be expressed graphically or mathematically without the need 
for further segmentation of the category. 

Plant Age 

Plant age can have an important bearing on waste water 
volume and quality and isv therefore, a significant factor to 
consider in evaluating the applicability of treatment 
technologies and assessing the relative costs of treatment 
for plants of widely differing age producing the same or 
similar products. A particular problem with older plants is 
that their present patterns of water use may have evolved over 
a long period of time with little consideration for the 
principles of efficient waste segregation, collection, and 
treatment. To a limited degree, plant modernization can 
correct or at least mitigate some of these shortcomings in 
older facilities, however, only a small proportion of the 
cost of revamping collection systems or of converting from 
contact to noncontact cooling systems can be offset by the 
resulting lower cost of treatment. In general, older plants, 
even after considerable modernization, normally have a 
higher volume of waste water flow and higher waste 
loadings (although pollutant concentrations may be lower 
due to poor segregation from noncontact sources) in 
comparison to relatively new plants. The present and 
forthcoming requirements for pollution control may impose a 
severe treatment cost penalty on older plants due to the need 
for backfitting and replumbing of outdated collection systems. 
Land'' availability and land use restrictions are also 
factors which may translate into higher treatment costs for 
older facilities which find themselves surrounded by highly 
developed industrial and residential areas. 

Unfortunately, plant age does not readily lend itself 
to an unambiguous definition where a series of 
plant modifications has taken place. The extent of 
modifications also varies greatly among plants within the 
same product industry. For those plants that have been 
enlarged or modified from their original status, plant age is 
not unambiguously calculable and therefore not a reasonable 
basis for subcategorization. 
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Nonwater Qua1ity Characteristics 

Airborne emissions from manufacturing operations can be 
kept within air quality control limits through the use of 
c~clones, wet scrubbers and other methods. The nature of the 
a1r pollution is related to the products(s) manufactured 
and/or the raw material used. Since both of these elements 
vary widely within the inorganic chemicals industry, there 
is no logic in subcategorization on the basis of 
nonwater quality characteristics. 

Treatment Cost 

From a technical viewpoint, subcategorization by common 
technological requirements for treatment processes could 
provide a logical basis for selecting one or more unit 
processes to accomplish the same treatment -function, 
regardless of the source of the waste water. For example, 
residuals of dissolved heavy metals will respond to lime 
precipitation and sedimentation at high pH without respect 
to the specific origin of the metals. This "building block" 
concept could conceivably result in selecting various 
combinations of unit processes to meet the 
treatment requirements. However, if the treatment cost must 
be expressed in terms of dollars per unit production, this 
method of subcategor ization crosses product lines and 
interferes with comparison of treatment costs based on the 
production of a specific chemical. Even if the unit_ 
operation is commonly applicable for treating waste flows 
of different products, the cost of treatment will fluctuate 
because of variations in quality, loading and flow rates 
and subcategor ization on the basis of treatment cost is not 
recommended. 

Energy Cost 

Manufacturing processes in the Inorganic Chemicals 
Industry typically have large energy requirements. In 
contrast, waste water treatment processes consume a small 
fraction of the total energy used. There appears to be no 
major energy requirements for the waste water treatment 
facility and subcategorization on the basis of energy cost is 
not justified. 

So1id Waste 

Not all 
solid wastes. 
method1=1, such 
approved dump 
disposal becomeq 

inorganic manufacturing processes produce 
Solid waste producers practice various disposal 
as on-site landfills, contract ·hauling to 

sites or ' incineration. Solid waste 
very site specific and exhibits a wide range 
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of costs. Because of the lack of uniformity within the 
industry, solid waste. generation and disposal practices are 
not a staisfactory basis for subcategorization . .. 
4ol.2 General Conclusions 

If effluent limitations are to be tied to units of 
production, only one method of primary subcategorization is 
broadly applicable to the inorgan~c chemicals point source 
category; viz., subdivision by dominant product. However, 
there are three subcategories, Chlor-Alkali, Titanium 
Dioxide, and Hydrogen Cyanide which require further 
subdivision based on the difference in the quantity and 
quality of the waste water from the processes, and two others, 
Hydrofluoric Acid and Aluminum Fluoride, have been reviewed 
for possible integration (see Section 4.3). 

4.2 SECONDARY SUBCATEGORIZATION 

4.2.1 Ch1or-Alka1i 

Mercury and ~iaphragm cells are the two distinct types 
of electrolytic cells that are used in the production of 
chlorine and caustic soda. Major process differences 
between mercury cell and diaphragm cell plants produce 
corresponding differencep in the volume and nature of waste 
water generated. A principal difference is the presence ,of 
mercury as a contaminant in the waste waters from the mercury 
cell process and asbestos in the diaphragm cell plant 
wastes.. The TSS discharges from diaphragm cell plants are 
generally larger~ than from mercury cell plants, due to the 
higher volumes of contact and noncontact water used. Also, in 
diaphragm cells a large amount of water is used and an 
appreciable quantity of waste water is produced in the 
caustic evaporatioR process. Such water is not produced in 
mercury cell plants. Th~ quantity of waste water generated 
from tl}e diaphragm cell plants is almost double that of the 
mercury cell plants for the same chlorine production 
capacity. Based on the quantity and character is tics of the 
waste water, further subcategorization is justified. 

4.2.2 Titanium Dioxide 

Two major ores, rutile and ilmenite, are used for the 
manufacture of titanium dioxide. The ilmenite ore contains 40-
70 percent titanium dioxide (Ti02), up to 35 percent ferrous 
oxide (FeO), and 25 percent ferric oxide (Fe203). Rutile ore 
contains more than 90 percent Ti02. Two processing techniques, 
the sulf~te process and the chloride process, are used to 
extract titanium dioxide from the ores. 
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The sulfate process uses ilmenite ore and sulfuric acid 
as raw materials. The chloride process uses rutile ores 
and chlorine. The high grade rutile ore is expensive and 
its availability is declining. In recent years, new 
technological advances have alleviated the raw material 
shortage problem. By upgrading the ilmenite ore quality, the 
chloride process can be used to produce titanium dioxide of 
high purity. Because of the difference in quality and quantity 
of waste waters generated from the sulfate and' chloride 
processes using the two different ores, the titanium dioxide 
industry may be further subdivided into three segments as 
follows: 

a. Sulfate process 

b. Chloride process using rutile ore 

c. Chloride process using ilmenite ore (one step). 

The sulfate process generates large amounts of strong and 
weak sulfuric acid water-borne wastes. Application of 
pollution control technology to the acid wastes generates about 
five times as much gypsum as product. The chloride process 
generates large amounts of dissolved metal chlorides and the 
tre~tment technology is expensive. Solid waste from both 
processes present difficult disposal problems. These solids 
include ferrous sulfate (FeS04) and a hydrated by-product 
from the sulfat·e process and heavy metal sludges from the 
chloride process. Ilmenite ore has to be upgraded before 
it is used to extract titanium dioxide by the chloride 
process, and this beneficiation process step generates 
additional wastes. 

The application of the chloride process to ilmenite ore 
may proceed in either one or two steps. A patented one-step 
process accomplishes both ·beneficiation and chlorination of 
the ore in a single fluidized' bed reactor and generates 
raw waste loadings which are similar to those from the 
sulfate process in terms of acidity and metals, and similar 
to wastes from the chloride-rutile process in terms of spent 
coke solids and still residues. In the two-step process, ore 
beneficiation resulting in either a synthetic rutile or an 
enriched titanium oxide slag is carried out separately at 
the mine or the plant. The discharge of waste water 
generated by the beneficiation step would be regulated under 
the Ore Mining and Dressing Point Source Category and will not 
be considered in this document. The second step of the two
step process generates wastes that are very similar in 
quantity and quality to those from the chloride-rutile process 
and will be governed by the discharge regulations for that 
segment of the Ti02 subcategory. 
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Therefore, further subclassification based on the amount 
ana characteristics of the waste water appears to be 
justified, and the three process subdivisions indicated 
above are appropriate for this purpose. 

4.2.3 Hydrogen Cyanide 

Hydrogen cyanide (HCN) is made from 
processes, the Andrussow process and as a 
acrylonitrile manufacture. In the Andrussow 
ammon~a, and natural gas are reacted to produce 
product hydrogen cyanide. 

two different 
by-product of 
process, air, 
the dominant 

Water-borne wastes from the process consist 
-principally of ammonia and sulfates in addition to cyanide and 
nitriles. 

The primary product in the other process is 
acrylonitrile (CH2 = CHCN) and the hydrogen cyanide is a by
product. Because the hydrogen cyanide is a by-product it will 
be covered in the organic chemicals manufacturing category 
with the primary product. 

4.3 REVIEW OF POSSIBLE INTEGRATION OF SUBCATEGORIES 

4.3.1 Hydrofluoric Acid and Aluminum Fluoride 

Aluminum fluoride (AlF3) usually is produced by the 
reaction of hydrated alumina (Al203. 3H20) with hydrogen 
fluoride (HF), although one plant produces aluminum fluoride 
from fluorosilicic acid (H2SiF6), a by-product of phosphoric 
acid (H3P04). With one exception, all the aluminum 
fluoride plants are integrated with hydrogen fluoride 
(or hydrofluoric acid) production. 

The two major uses of hydrogen fluor ide are in 
the fluorocarbon industry and as raw material in the 
manufacture of aluminum fluoride. A ban on the fluorocarbon 
propellants has curtailed the use of hydrogen fluoride in 
that industry and it was completely s-topped in 1978. The 
selling of hydrogen fluor ide in the merchant market has 
declined and the primary use is limited to the 
production of aluminum fluoride and fluorocarbon plastics 
until some other major use is found. 

For both products (HF and AlF3), process waste 
waters are generated by the various gas scrubbers and by leaks 
and spills. In both cases, air pollution control scrubber 
effluents cpntain mainly fluoride, acidity and sulfate. The 
fluoride is present as the free ion as well as various complex 
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fluoro anions. Calcium fluor ide (CaF2) , generated as a solid 
waste, is a disposal problem for both the subcategories 
because of its moderate toxicity. Only one additional solid 
waste, gypsum (CaS04. 2H20) , is generated from the hydrogen 
fluoride manufacture alone, and it can be treated and handled 
independently. 

Combining hydrofluoric acid and aluminum fluoride 
into a single subcategory does not appear to offer any 
regulatory advantages when the two products are manufactured 
at the same plant location. The waste waters associated 
with the two products are similar and a common treatment 
facility is normally utilized. In addition, the combined 
manufacture of these products does not create a unique or 
unusual situation, either with regard to the waste -water 
treatment requirements or compliance with discharge 
regulations. Although the waste gypsum produced at an HF 
plant supplies enough calcium for adequate fluoride removal 
from neutralized scrubber waste waters generated by both HF 
and AlF3 production, the applied treatment technology is 
essentially the . same as that applied by manufacturers 
of either product alone. However, the effluent water 
quality and the toxic pollutant loadings would not be 
expected to be the same. Further, the bpportunities for drip 
acid recycle (or the hydrolysis of complex fluorides prior to 
treatment) and scrubber water recycle are a function of plant 
design and age, rather than product mix. 

In view of these considerations, a recommendation 
for the creation of an HF/AlF3 combined product subcategory is 
not being made at this time. 

4.4 SUMMARY 

The recommended subcategorization with 
subdivisions include the following: 

Subcategory 

Chlor-Alkali 

Titanium Dioxide 

Hydrogen Cyanide 

Process Subdivisions 

Mercury Cell 
Diaphragm Cell 
Sulfate 
Chloride-Rutile 
Chloride-Ilmenite 
Andrussow Process 
Acrylon~trile By-Product 
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SECTION 5 

SCREENING AND VERIFICATION SAMPLING PROGRAMS 

5.1 SCOPE AND METHODOLOGY 

The specific objective of the sampling programs was to 
establish the extent of ~he required regulation of toxic 
pollutant discharges in the inorganic chemicals industry in 
terms of factual information derived from the chemical analysis 
and flow measurement of representative process raw waste water 
streams and treated effluents. Prior to this study, most of the 
information available on toxic pollutants has been concerned 
with a relatively small number of known process-related 
substances ·contaminating a variety of direct and indirect 
contact process waters discharged from a production facility. 
There had been no previous requirement for a. comprehensive 
survey of waste water chemistry addressing the possibility that 
a large number .of other potentially toxic substances could be 
present, albeit at extremely low concentrations. 

The screening phase of the sampling program was designed to 
ascertain the presence in each subcategory of any of the 129 
listed toxic pollutants at raw waste" concentrations or daily 
loadings which, if untreated, could be environmentally 
significiant. Screening is based on the sampling of one or more 
typical manufacturing operations in each subcategory. Where 
significant pollutant concentrations were found, additional 
plants were sampled during the verification phase for 
confirmation and further quantification of data on the 
particular toxic pollutants in question. A goal was set for 
screening and verification sampling of a sufficient number 
of plants to account for at least 75 percent of the total·u.s. 
production, in each ,subcategory having significant 
concentrations of priority pollutants. 

A detailed description of the screening and verification 
programs is presented in the·paragraphs below. 
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5.1.~ Selecting Plants and Making Preliminary Contacts 

In each subcategory, plants were selected for screening on 
the basis of the following general criteria: 

1. Minimal product mix and no organic product lines which 
could 'increase the potential for interprocess cross 
contamination of waste waters. 

2. Presence of a physical chemical treatment facility 
rather than a biological one, or no treatment system. 
(Biological systems are neither widely used nor 
generally applicable in the inorgan_ic chemicals 
industries.) 

3. Manufacture of industrial grade products in volume, 
rather than low volume reagent grade products. 

4. Median production capacity within the subcategory. 

5. Segregated waste streams to facilitate sampling. 

6. NPDES discharges 
treatment for a 
extensive. 

rather 
NPDES 

than POTW discharges, 
discharge is usually 

since 
more 

7. Geographical clustering of selected plants to 
facilitate field logistics, but only extent that other 
factors are equal. 

Preliminary phone contacts were made with plant 
representatives of those facilities which satisfied the above 
criteria. If requested,· a letter was written to describe the 
objectives of the sampling program and to cite the legal 
authority of the Agency and its sampling contractor under 
Section 308 of the Federal Water Pollution Control Act 
Amendments of 1972. Secrecy agreements, when required, were 
executed at this time for the protection of any company 
proprietary information disclosed to the sampling contractor. 

Prior to the actual sampling of waste streams, a lead visit 
to the selected plant was made to gather background information, 
confirm and update any 308 Questionaire responses, and to obtain 
additional technical information regarding processes and waste 
treatment practices. Sampling sites were selected and described 
relative to a detailed waste source inventory and a flow 
diagram of the process and waste treatment system·. Arrangements 
were made for the subsequent ,sampling visit and the details of 
the lead visit and sampling point descriptions were documented 
in an interim report to the Agency. 
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5.1.2 Screening and Verification Sampling 

Collection of Samples for Screening 

In the screening phase of the sampling program, the 
specific objective was the detection and quantification of 
water-borne waste constituents included on the list of 129 toxic 
pollutants {Table 3-1) . Each sample of an individual raw waste 
stream, a combined waste stream, or a treated effluent was 
collected where possible by an automatic, time series, 
compositor over a single 72-hour sampling period. Where 
automatic compositing was not possible, grab samples were taken 
at intervals during the same sampling period and composited 
manually. 

Each sample was divided into several portions and 
preserved, as required for different types of analysis, in 
accordance with the procedure established by EPA ( 4) for the 
measurement of toxic pollutants. 

Samples were also taken from 
individual grabs, for the analysis 
nonconventional pollutants. 

Collection of Samples for Verification 

the composites, or 
of the conventional 

as 
and 

~ The objective of verification sampling was to confirm the 
first observations from screening and further quantify the 
concentrations and waste loadings of the toxic pollutants and 
conventional and nonconventional pollutants. Where any toxic 
pollutant metals were found during screening sampling of a 
particular plant..,, analyses were made for all toxic pollutant 
metals during the verification sampling. 

The established protocol for verification sampling 
required the collection of three 24-hour composites at each 
sampling point. Again, where composites could not be taken with 
automatic samplers, grab samples were taken periodically over 
the same time period and composited manually. 

Sample Shipping 

All samples, individually labeled, were placed in large 
plastic bags, which were then placed in a waterproof insulated 
shipping container. ' Enough ice was included to maintain a 
temperature of approximately 4 degrees c. during shipment to the 
laboratory. 

Containers were shipped by the best available route, 
usually air freight, usually arriving at the laboratory on the 
same day,' but occasionally taking overnight. Upon receipt, all 
samples were immediately placed in a walk-in refrigerator 
maintained at 4 degrees c. 
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In order to maintain the chain of custody and to keep track 
of samples, sampling personnel kept logs of samples taken in ink 
in page numbered hard-bound books. The data recorded included: 
date, time, plant code, number, sample type, and sampler. This 
information was also included on the label of individual 
samples. Prior to their arrival at the laboratory, a list of 
samples shipped, including number, type of samples, and analysis 
to be performed, was sent to each department supervisor to alert 
him of incoming work. 

A master analytical control chart was maintained which 
included: date sample was received, date due, number and type of 
each sample, and the analysis required. 

At the time of analysis, the individual samples were 
distributed to the analytical chemists along with a list which 
included: I.D. number of sample, type of sample, analysis 
required, date samples received, and due dates. 

Upon completion of analysis, the sample was sent back to 
the refrigerator and placed in identified bins. All samples 
were kept in the refrigerator at 4 degrees c. when not being 
analyzed. A list of completed samples was then sent to the EPA 
Sample Control Center. 

Verification Sampling Plant Selection 

After the decision was made to verify the presence of toxic, 
pollutants found in the screening of a subcategory, verification 
plants were selected. The basis for selection was essentially 
the same as that used in selecting screening plants. 

The screening program results were evaluated to identify 
those toxic pollutants that were present at significant 
concentration or significant daily loadings. Concentrations or 
loadings which could be reduc,ed by the highest quality treatment 
systems were considered significant. Two situations occurred: 

1. A subcategory which had a significant raw waste 
concentration of any toxic pollutant would be subject to 
verification sampling, and BAT-based regulations would likely be 
proposed by· the Agency for the treatment and control of that 
toxic pollutant. 

2. A subcategory which had no significant raw waste 
concentration of any toxic pollutant would not be subject to 
verification sampling and would likely be excluded from 
regulatory coverage at this time in accordance with the 
provisions for exclusion under Paragraph 8 of the Settlement 
Agreement. 
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In analyzing screening data, only those pol,:t.utants 
attributable to process sources were considered. Pollutants 
which result from cooling tower operations, corrosion or 
corrosion control, control of biological growth, or any other 
operation not directly tied to the production process were not 
used as a basis for verification. 

The number of plants selected for verification in each 
subcategory was roughly proportional to the number of existing 
plants in that subcategory with a maximum of five plants 
selected. In small subcategories (relatively few production 
facilities), an effort was made to select a sufficient number of 
plants to account for the majority of the total u.s. 
Production. 

When the verification phase of the program was initiated, 
an important decision was made with regard to metals analysis. 
First, in view of the frequent presence of metal contaminatjon 
in the wastes screened, and the inability in some cases to show 
a direct relationship between certain metals found and the 
known process chemicals or the materials of construction, it 
was decided that all 13 of the toxic metals should be determined 
again during verification, regardless of whether they were found 
in screening. This was intended to provide a much more complete 
data base than would be obtained by running verification 
analyses for only those metals found in screening to exceed the 
verification criteria levels' at the time of sampling. 

5.1.3 Analytical Methodology for Toxic Pollutants 

The analytical protocol for the screening and verification 
of toxic pollutants was established in Sampling and Analysis 
Procedures for Priority. Pollutants b~ U:S· Env~ronmental 
Protect~ on Agency, Env~ronmental Mon~ tor~ng and Support 
Laboratory, Cincinnati, Ohio, April 1977. 

The specified analytical methodologies were employed 
without modification except where noted below in connection with 
toxic metals analysis during verification. 

Implementation of the methodology and quality assurance 
provisions required the establishment of special sample handling 
and control procedures specifically sui ted to each type of 
analysis. These procedures, together with a discussion of the 
achievable detection limits for each parameter or group of 

- similar parameters are presented in the following paragraphs.' 
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Trace Metal Analysis 

Figure 5-l shows a data flow diagram for metals analysis. 
Atomic absorption methods described in 40 CFR 136 per Section 
304(h) were used. A set procedure was followed in the 
laboratory to generate the analytical values and the quality 
control data. The data flow diagram shows the actual sequence 
employed in verification analysis and the following notes, which 
are keyed to the diagram, provide additional information on the 
procedures: 

1. Blanks-- two for each set,of analyses digested. 
Duplicates -- one every seventh sample. 

2. Quality Control at Operator Level (Atomic Absorption): 

Blanks -- These were run at the beginning and the 
end of every set analyzed for each 
metal. Also, air blanks were run on 
furnace, or heated graphite atomizer, 
(HGA) , after any sample with a large 
positive value. 

Standards -- Three different concentrations were run 
at the beginning and end of every set 
analyzed for each metal. Standards 
were also run every tenth sample during 
the analysis of a set. 

Spikes -- These were run every seventh sample, 
and were made by taking a mixture of 
equal parts of a sample and standard 
and comparing the resulting absorbance 
with individual sample and standard 
absorbances. 

Duplicates -- For furnace analysis, the sample was 
run twice when the absorbance was low to 
identify errors. The average of the two 
values was used as the determinate 
value. 

3. UTD = "Unable 
interferences. 

To Determine" due 

4. Criteria Employed in Spike Selection: 

to matrix 

a. Samples were chosen to be spiked based upon the 
following criteria: 

those which were not subject to interference 
effects. 

I 
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those that had a measurable concentration of 
the metal being determined. 
those whose concentration was in the linear 
range of the instrument. 
approximately every seventh sample. 

b. The level of spike chosen was controlled by the 
following factors: 

it should be approximately 40-60 percent of 
the determinate value. 
the determinate value absorbance + spike 
absorbance must give total absorbance· that 
was within the linear range. 

/ 

c. A reagent blank was run with each set of spiked samples . 
prepared. 

During the screening phase of the sampling program, the 
standard protocol followed for metals analysis was: 

1. Twelve elements were determined by AA 
spectrophotometry in the furnace (HGA) mode. 

2. If subject to matrix interference {UTD), they were then 
determined in the flame mode. 

3. Mercury was determined by the standard cold vapor 
method. 

Certain changes in analytical protocol were instituted 
during verification analysis in order to avoid the excessive 
matrix interference experienced during screening when the heated 
graphite atomizer (HGA) was the primary me~hod applied to the 
analysis of 12 of the metals. The modified protocol for metals 
was: 

1. Six elements were determined by flame only, namely, Ag, 
Be, Cu, Cr, Ni and Zn. 

2. Four elements were determined by furnace (HGA), namely, 
Cd, Pb, Tl and Sb. If interference occurred, Cd, Pb, 
Tl and Sb were determined by flame. 

3. Hg was still analyzed by the co1d vapor method. 

This modification reduced the number of preparations per 
sample from three to two and-achieved adequate det€ction limits 
which were still well below the verification criteria levels. 
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Additional modifications were made during the verification 
program to improve the reproducibility and precision for Hg, As 
and Se. These we~e: 

1. The cold vapor procedure for Hg was modified to 
eliminate the pump and allow dilution and rerun from 
the same sample. This saved time and increased 
reproducibility. 

2. Selenium and arsenic were determined by hydride 
generation using sodium borohydride (NaBH4). This 
greatly minimized problems associated with matrix 
interference. The method is very reproducible and the 
detection limits were at levels well below the 
verification criteria for the~e two elements. 

After the above modifications were adopted, screening 
samples which originally were unable to be analyzed, or which 
were recorded as below excessively high detection limits due to 
the effects of matrix interferences, were rerun. Satisfactory 
results were then obtained in nearly all cases due to the 
greatly imp~oved sensitivity and reproducibility. 

It should be noted that these modifications of the 
analytical protocol were in the direction of improved precision 
and reproducibility'and not towards lower detection limits. The 
original screening procedures generally had a lower detection 
limit when it was achievable. However, the methods were too 
susceptible to giving no r~sult at all with complex industrial 
matrices, and so the revised protocols sacrificed some 
sensitivity for precision and reproducibility. The final 
detection limits ~ere still below levels that would be regarded 
as significant. 

Table 5-l presents a summary of the analytical detection 
limits for each of the 13 toxic metals using the original 
protocol and the two subsequent modifications which' were 
applied. 

Organic Compound Analysis 

The organic toxic pollutants were determined by the 
standard protocol (40 CFR 136 proposed December 3, 1979) which 
includes sample preparation, extraction, and analytical 
methodologies. Extractions were carried out using methylene 
chloride in the case of the acid and base/neutral organic 
fractions and with hexane/methylene chlpride to obtain the 
pesticide-containing fractions. The acid and base/neutral 
fractions were reduced in volume and analyzed by gas 
chromatog,raphy-mass spectrometry (GC/MS) • The pesticides were 
analyzed by electron capture gas chromatography followed by 
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TABLE 5-1. ANALYTICAL DETECI'ION LIMITS FOR .METAlS {l) 

Original Screening First MOdification Second MOdification 

Element Protocol t2} of Protocol {3) of Protocol ( 4) 

Method ()lg/1) Method (p:;J/1) MethJd (p.g/1) 

Ant.llrony I Sb HGA* 10 HGA 10 HGA - 10 

Arsenic, As HGA 3 HGA 3 Hydride 10 

Becyllium, Be HGA 0.2 Flame 15 Flame 15 

Cadmium, Cd HGA 1 HGA 1 HGA 1 

Chra:nium, Cr HGA 1 Flame 25 Flame 25 

Copper, Cu HGA 1 Flame 20 Flame 20 

~d, Pb HGA 10 HGA 10 HGA 10 

Mercu:cy I Hg Cold Vapor 0.5 Cold Vapor 0.5 New Cold 0.5 
Vapor 

Nickel, Ni HGA 1 Flame 25 Flame 25 

Selenium, Se HGA 9 HGA 9 Hydride 10 

Silver, Ag HGA 0.5 Flame 15 Flame 15 

Thallium, Tl HGA 2 HGA 2 HGA 2 

Zinc, Zn HGA 1 Flame 25 Flame 1 

* Heated Graphite Atan:izer 

(1) Assuming no matrix interferences requiring dilution of sample. 

(2) EPA Contract 'No. 68-01-4492 (September 29, 1977), Exhibit c, 
"Protocol for the Measurement of Toxic Substances", Envirorrrnental 
M:mitoring and Support Laboratocy, Cincinnati, Ohio 

(3) June, 1978 

(4) August, 1978 
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GC/MS confirmation of positive results. Volatile organics 
were analyzed by the purge and trap method of introducing the 
material into the GC/MS i~let system. 

Cyanide Analysis 

The standard methods for the wet chemical analysis of total 
cyanide and cyanide amenable to chlorination' (Cyanide, A). were 
utilized (40 CRF 136) Cyanide analysis is subject to several 
sources of interference including: 

Metals - The presence of Fe, Cd, Ca, Ni, Ag, and Zn may 
cause low results due to the formation of stable complexes with 
cyanide. The iron complexes may form insoluble precipitates 
which are particularly difficult to break up both at the time 
of alkaline chlorination of the sampled waste water and during 
the,chemical analysis for cyanide. 

\ 
Oxidizing agents - The presence of free chlorine in the 

waste water sample will destroy cyanide and cause low analytical 
results. The addition of ascorbic acid to destroy chlorine at 
the time of sampling is intended to mitigate this problem. 
Other oxidizing agents such as peroxides and chromates may also 
react with cyanides over a period of time and cause low results. 

Sulfides - Sulfide or bisulfide will interfere in the 
analysis of cyanide by reacting with the colorometric reagents. 

The presence of sulfur dioxide or bisulfite in the waste 
water sample should have no appreciable effect on cyanide 
results. Detection limits on the order of 1-4 ug/1 can be 
achieved by the analytical method employed, but the results 
have to be interpreted with regard to the possible interfering 
components of the sample. 

Hexavalent Chromium (Cr VI) Analysis 
' 

The determination of Cr VI in waste water samples is also 
subject to a number of interferences which can take effect 
either during sampling and storage or during analysis. 

Acids - Samples taken and held at a very low pH can 
experience the conversion of other forms of chromium into Cr VI 
causing a positive inter~erence. 

Reducing agents Samples containing sulfur dioxide, 
bisulfite, bisulfide, sulfide, ferrous iron, and other reducing 
agents will result in low values of Cr VI by converting it to 
trivalent chromium (Cr III). Under these conditions the 
chromate's originally present would be included in the total 
chromium determination but the analytical results for hexavalent 
chromium would be proportionately low. (See Reference 52.) 
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The detection limits for Cr VI using the diphenylcarbazide 
colorometric method are on the order of 1-3 ug/1 in the absence 
of substances which interfere with color development. 

Asbestos Fiber Analysis 

The analysis of selected samples for asbestos fiber 
{chrysotile} was conducted by the recommended method utilizing 
transmission electron microscopy with selected area electron 
diffraction as described by Dr. Charles Anderson (EPA, Athens, 
Georgia} at the Analytical Protocol Meeting in Denver (November, 
1977) (56). 

Conventional and Nonconventional Pollutants 

All techniques used for the analysis of BPT control 
parameters (conventional and nonconventional pollutants) were 
those recommended by the Agency. The list of approved test 
procedures was published in the Federal Register on October 16, 
1973 (38 FR 28758) and may be also found in Title 40 of the Co6e' 
of Federal Regulations (40 CFR 136). 

5.1.4 Quality Assurance Provisions 

The Agency and the contractor's analytical laboratories 
maintain consistently high standards for accuracy and quality 
control. As an in-house requirement, a minium of ten percent of 
all samples are routinely run in duplicate. Quantitation is 
based on standards that are prepared in the same matrix as the 
samples. The standards are also checked by participation in the 
EPA Reference Sample Program that utilizes a double blind 
technique. (EMSL, Cincinnati, Ohio, Off ice of Research and 
Development.) 

Additionally, outside laboratories are retained for checks 
on quality by analyzing split samples and running submitted 
standards. Accuracy is also insured by analysis of a minimum of 
fifteen percent of all samples with spikes by the method of 
standard additions. The spikes are added prior to sample 
preparation and are carried through the entire sample analysis 
procedure. 

The contractor's laboratories have consistently maintained 
the standards for laboratory certification which are imposed by 
the State of California. Certification is dependent upon the 
accurate performance of routine analyses on check samples 
submitted by the State, as well as on-site inspections by the 
State of California's Sanitation and Radiation Laboratory, 
Department of Fish and Game, and the u. s. Environmental 
Protection Agency, NEIC, Denver, Colotado. 
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The quality assurance provisions outlined in the EPA 
Protocol for GC/MS Analysis of Toxic Pollutants are rigorously 
adhered to with one added precaution, namely, the use of 
internal standards as a means of measuring recovery. Although 
not required by the protocol for pesticide analysis, ·this 
technique is utilized as an in-house quality control requirement 
to insure the accuracy of results in this analysis. 

The high sensitivity of instrumentation used in trace 
organic chemical analysis dictates that contamination of the 
samples from any possible source must be diligently guarded 
,against. Accordingly, only glass sample containers with Teflon
lined lids were used and these were subjected to a three step 
cleaning procedure prior to use, even though only new liners and 
glass containers were used. All glassware used for sample 
preparation and analysis was subjected to a dual cleaning 
system. ' 

The sample extraction and preparation rooms are dedicated 
solely to toxic' pollutant analysis, and have their own 
ventilation systems that are isolated from the other sample 
preparation and receipt areas of the laboratories. 

A documented system of existing practices, including 
calibrations and operational checks is maintained to assure 
uniformity of performance and to serve as a basis for alteration 
of standardization intervals. A chemist is assigned full time 
to maintain this system, assure strict record formating and 
controls, and to direct the quali"ty control program of the 
laboratories. The primary vehicle of this system is the quality 
assurance manual containing the detailed procedures used in 
sample preparation and analysis, and the complete records of all 
quality control standards, blanks, spikes and duplicates. 

5.2 SUMMARY OF ANALYTICAL RESULTS 

The results obtained quring the screening and verification 
sampling program are summarized in Table 5-2 and Table 5-3. 
These tables show the frequency and distribution of the 
pollutants accord~ng to selected plant groupings, concentration 
ranges, and subcategories in which the pollutants occur. 

Pollutant frequencies as shown in columns 5, 6, 7, and 8 
of Table 5-2 are based on the highest individual pollutant 
concentration found for each plant's raw waste during the 
screening and verification sampling program. 

The toxic pollutant asbestos has not been included 
either of the two tables mentioned above. Asbestos 
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Pollutants Detected 

Ant:im:my 
Arsenic 
Bel:ylliUl\ 
cadmiUll 
Chrani.Ull 
Co!;p!r 
Cyanide 
Lead 
Mercw:y 
Nickel 
Se1eniUll 
Silver 
'lhallillm 
Zinc 

Benzene 
carbon Tetrachloride 
Ollorobenzene 
1,2-Dichlo~thane 
1,1,1-Trichlo~thane 
Hexachl~thane 
1,1,2-Trichl~thane 
1,1,2,2~Tetrachlo~thane 
Chlorofoxm 
1,2-Dichl.orobenzene 
l,l-Dichlo~thy1ene 
1, 2-Dichl.oropropylene 
2, 6-Dinitroto1uene 
Ethylbenzene 
F1uoranthene 

TAB!E 5-2. POLI1lTJINr FBEl;lUENCY BASED ON Sl\Ml>LIN:; PBOOR!IM RESULTS 
INCLUDING Rl\W Wl\STE 

Pollutant Occurrence Based Pollutant Occurrence Based on 
on Plant Group:m:J Concentrat:J.on C1assifJ.catJ..on (pg/1) 

5 or <5 >5 but s10 >10 Plants .s_SO >50 but >500 but >2,500 
Plants Plants ssoo s.2,500 

X 28 19 4 1 
X 38 12 3 
X 49 4 
X 45 4 4 
X 20 13 9 10 
X 21 16 9 7 

X 2 
X 25 15 7 6 
X 46 2 5 
X 17 20 8 8 
X 46 7 
X 45 7 1 
X 41 ll 1 
X 9 18 14 12 

6 . 1 
2 
1 
2 
4 1 
1 
2 

X 3 
X 15 2 1 

X 1 
X 3 
X 1 
X 1 . X 7 1 
X 1 -

Bis (2-chl.oroisopropyll ether X 1 
Methylene chl.orioo X 11 3 1 
Oichl.ol:cbrararethane X 5 
Trichl.orofloo:ronethane X 2 1 
Chl.orodibrcm::thane X 2 
Naphthalene X 1 1 
Nitl:ophenol X 1 
Pentachlorophenol X 2 1 1 1 

\ Phenol X 2 3 
Bis (2-Ethy~l) phthalate X 20 1 1 
Butyl benzyl phthalate X 3 
Di-n-butyl phthalate X 15 
Diethyl phthalate X 5 
Dilrethyl phthalate X 2 "' 
Benzo(a) anthracene X 1 

• Benzo(a) pyrene X 1 
3,4-Benzofl~thane X 1 
Clu:yBene X 1 
Anthracene X 1 
Fluorene X 1 
Phenanthrene X 1 
pyrene X 1 
Tetrachl.o~thy1ene X 4 
'l'oluene X 7 1 
Tri~thylene X 3 
Nitrobenzene X 2 
2, 4-Dinitl:opheno1 X 2 
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TABLE 5-3. DISTRIBUI'ION OF POLLUTANTS ACCORDING 
TO SUBCATEGORY 1 

Pollutants Detected 

Ant:ircony 
Arsenic 
Beryllium 
cadmium 
Chromium 
Copper 
Cyanide 
Iead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 
Benzene 
carbon Tetrachloride 
Chlorobenzene 
1,2-Dichloroethane 
1,1,1-Trichloroethane 
Hexachloroethane 
1,1,2-Trichloroethane 
1,1,2,2-Tetrachloroethane 
Chlorofonn 
1,2-Dichlorobenzene 
1,1-Dichloroethylene 
1,2-Dichloropropylene 
2,6-Dinitrotoluene 
Ethyllienzene 
Fluoranthene 
Bis {2-alloroisopropyl) ether 
Methylene chloride 
Dichlorobrom:::methane 
Trichlorofluoromethane 
Chlorodibrom:::methane 
Naphthalene 
4-Nitrophenol 
Pentachlorophenol 
Phenol 
Bis (2-~thylhexyl) phthalate 
Butylbenzyl phthalate 
Di-n-butyl phthalate 
Diethyl phthalate 
Dimethyl phthalate 
Benzo {a) anthracene 
Benzo (a) pyrene 

Subcategory Numbers Where Pollutants Found 

All~ut 7, 23, 27, 28, 
II II II II " 
" II " II II 

II II " II II 

II " " II " 
" " II II II 

7 
Ali but 7, 23, . 27, 28, 

II It It II It 

It It " II " 
" It It 

" " 
It It It II .. 
" It It If II 

It " It 

" 
It 

1,' 3, 4, 10, 11, 25, 32 
1, 2 
1, 35 
1, 11, 13, 22, 35 
1 
4,11 
1, 10, 35 

33 
II 

II 

II 

II 

II 

33 
II 

II 

" 
II 

II 

II 

1, 3, 4, 10, 13, 15, 19, 21, 22, 25, 32, 35 
24 
1, 11, 13 
26 
1 
1 
1, 3, 4, 9, 11, 21, 25, 32 
8 
22 
1, 4, 8, 9, 12, 13, 19, 21, 22, 25,26, 32, 35 
1, 4, 19, 32 
1, 4, 25 
19, 32 
1, 32 
17 
2, 3, 4, 8, 15 
2, 15, 26, 31, 32 
1, 4, 7, 8, 10, 11, 12,13,15,18,24,25,26,30,31,35 
1, 2, 12 
1, 4, 8, 11, 17, 18, 19, 21, 22, 30, 31, 34, 35 
8, 10, 11, 19, 31 
12, 31 
8 
8 

For name of subcategory, refer to Table 3-2. (Continued) 
2 "All" means subcategory numbers 1 through 35 of Table 3-2. 
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Polllitants"Detected 

3, 4-Benzofluoranthane 
Chl:ysene 
Anthracene 
Floorene 
Phenanthrene 
Pyrene 
Tetrachloroethylene 
Toluene 
Trichloroethylene 

TABLE 5-3. Continued 

Subcategory Nunbers Where Pollutants Found 

8 
8 
8 
8, 12 
8 
8 
1, 4, 10, 22 
1, 3, 4, 10, 11, 15, 18, 32 
1, 4, 25 

6P. 



concentration is reported in million fibers per liter (MFL) 
which is not compatible with the concentration units in which 
the other pollutants have been reported. Asbestos was found 
in three plants at concentration levels of 2.1E8, 2.0E7, and 
9.4E4 MFL, respectively, where E is exponential on base 10. 
All three plants belong to the Chlor-Alkali subcategory. 
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SECTION 6 

PROCESS AND WASTE TREATMENT INFORMATION DEVELOPMENT 
AND EVALUATION 

6.1 INDUSTRY DATA BASE DESCRIPTION 

Information and data on the inorganic chemicals industry 
were obtained from a number of sources. These sources included 
literature reviews, plant visits, telephone contacts, and 
industry responses to the Section 308 Questionnaires. The type 
material gathered from these sources is discussed below. 

6.1.1 Literature Review 

A review .of the literature has been conducted to identify 
and collect information related to manufacturing processes, raw 
materials, water use, waste water sources, waste water treatment 
technology, ·raw waste characteristics, and economic data. 
Relevant information from reports,. books, papers, conference 
presentations and periodicals were identified by computer search 
and are presented in the reference section of this report. This 
information was incorporated into a broad based assessment of 
process and technology practices aimed at selecting the best 
available treatment technology and best demonstrated technology 
for the various industry subcategories. It also provided the 
background reguired for evaluating the subcategorization of the 
industries. 

6.1.2 Plant Visits 

During the screening and verification phase of this 
project, much information was gathered from individual plants 
relating to production capacity, manufacturing processes, waste 
flows, water reuse, waste water treatment systems and 
performance, and best management practices (BMP). The lead 
visits also provided an opportunity to update and clarify some 
of the information given in the 308 responses. 
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6.1.3 Telephone and Direct Contact 

Numerous contacts were made with knowledgeable persons in 
both industry and government to gather and exchange information 
concerning all phases of this study. These sources are cited 
in the text as personal communications. 

6.1.4 308 Questionnaire Responses 

The basis for much of the work in this study is the 
responses from industrial inorganic chemical firms to the 308 
data requests. 

Data from 284 manufacturers' responses were utilized by the 
project team for the development of appropriate guidelines for 
the inorganic chemicals subcategory. Industrial firms, through 
their compliance with the needs of the 308 Questionnaire, 
provided a valuable industry-wide data base used extensively in 
this analysis. 

Essential data elements from each questionnaire were 
extracted for the purpose of creating a working data base for 
this report. Specific elements selected for this smaller, more
manageable data base are given in Table 6-1. 

These data provided the basis for the subcategory review 
through a profile of each industry. After compilation of the 
questionnaire data, industry totals for capacity and production 
(for the respondents) were available. In addition, derivative 
quantities such as percent utilization, effluent per ton of 
product, and conversion to metric units were compiled. 
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TABLE 6-1. 308 QUSTIONNAIRE RESPONSE DATA 
DATA ELEMENTS 

INORGANIC CHEMICALS GUIDELINES STUDY 
================================================================== 
Datum Reference Description Comments 
================================================================== 
Manufacturer 

Product 

Plant 

Process 

Effluent Treatment 

Name 
.Location 
EPA Region 

Name 
Subcategory 

Number of other 
Products 

Capacity 
Production 
Age 

Name 
Volume of Process 
Effluent 
Volume of Noncontact 
Effluent 

Type 
Fermi t 
Major Pollutants 
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Confidential 

Inorganic 
Chemicals 

Fiscal year 
1976 
1976 
1976 



6. 2 PROCESS WASTE SOURCES AND CURRENT TREATMENT PRACTICES 

6.2.1 Data Acquisition 

The information presented in this section was obtained from 
a variety of published sources and the available industry 
responses to the 308 Questionnaires as well as from plant visits 
and interviews with industry personnel conducted by the Agency 
and its contractor during the toxic pollutant screening and 
verification program. The results of visits and interviews are 
documented in field notebooks, interim plant visit reports, and 
telephone communication records which are part of the rule 
making record. 

Plant visits were particularly us.eful for confirming and 
updating the detailed technical information contained in the 308 
Questionnaire responses. The cooperative attitude displayed by 
industry greatly facilitated the acquisition of reliable 
operating data and meaningful sampling results. 

6.2.2 Evaluation of Data 

Each of the various industrial subcategories in which 
verification sampling was conducted was the subject of an 
extensive evaluation to provioe the technical basis for 
selecting candidate advanced treatment technologies and 
developing the related base and incremental cost estimations. 
In the subsections which follow, individual plant descriptions 
are presented according to the general format for each 
subcategory: 

General Process Description 
Description of process reactions and unit operations. 
Inventory of raw materials used. 
Typical process flow diagram. 

Water Use and Waste Source Inventory 
Description of individual plants visited, sampled 

and plant information from other sources. 
Inventory of water uses for contact and noncontact 
purposes. 

Inventory of raw process waste water sources and 
identification of sampling points. 

Process waste water quality and flow data. 
Solid waste generation and disposal. 
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• 
Control and Treatment Practices 

Description of specific treatment technologies 
and operating facilities. 

Description of the total input to the treatment system 
including sources attributed to other production 
operations and noncontact water (e.g., cooling 
water, etc.). 

Evaluation of Production and Waste Flow Data 
Tabular summary of plant-specific data. 
Waste flows per unit of production (unit waste flows) 

with the range and average values. 
Solid waste quantities. 
Treatment chemical requirements. 

Process Modifications and Tecbnology Transfer Options 

Best Management Practices (BMP) 
Plant area operations and housekeeping. 
Runoff control. · 
Solid waste handling (e.g., fugitive dust and 

leachate control, etc.). 

6.2.3 Model Plant and BPT Treatment System Specification 

The model plant concept plays a central role in both the 
development of alternative treatment system designs for priority 
pollutant removal and for estimating the related internal costs 
of such treatment in each suocategory. In order to be 
representative of a subcategory, each set of model plant 
specifications was composited from a profile ,data summary 
derived from the available information on production and waste 
flow. 

Based on the typically achievable waste flow rate per unit 
of production, the model plant was used as a starting point for 
an appropriately designed and sized BPT level waste water 
treatment system. Certain assumptions were made regarding 

·the possible process variations and the specific raw waste 
sources incorporated into each model. In most cases, ~t was 
appropriat~ to assume that the waste flow per unit of production 
did not vary over the particular range of production capacities 
covered. Production rates were selected in most subcategories 
to represent the small, mid-range and large size plants 
presently in operation. Small subcategories were represented by 
single mid-range production rates for the model plants. Cost 
estimates were developed for each set of ba~e level (BPT) and 
advanced level (BAT/NSPS) treatment system design 
specifications. 
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Beginning with Section 11, the model plant and BPT level 
treatment system descriptions and specifications for e~ch 
subcategory include the following information: 

Production rates and mode of operation. 
Specific process type and waste sources. 
Waste flow per unit of production. 
Solid waste generation and handling. 
Treatment chemical requirements. 

If applicable, the new source model plant is also described 
and the design specifications given for its waste treatment 
system. 

The model plants do not represent exemplary or specific 
existing plants, but are typical plants of adequate design 
derived from the range of plants and treatment facilities found 
in the entire subcategory. For the,purpose of cost estimating, 
it is necessary to specify cost rationale, define a set of 
initial assumptions, and consider the variability of factors 
such as waste water flows, pollutant load, unit treatment 
process, plant age, etc. General assumptions have been detailed 
under Section 10 of this report and are employed as the basis 
for developing baseline model plant cost estimates presented in 
the subsequent sections dealing with individual industries. 

. . 
6.2.4 Dissolved Solids in Waste Water Effluents 

Many waste treatment plants discharge final effluent into 
watercourses which feed fresh water streams used as sources of 
water supply by downstream agencies or industries. Groundwater 
aquifers which underlie large portions of the country are tapped 
to supply fresh water through wells serving public and 
industrial water needs. Saline wastes discharged into streams 
or into unlined lagoons can significantly alter the salt content 
(total dissolved solids) of the fresh water. Although Federal 
regulations seldom limit the total dissolved solids or the 
various ions such as chloride, sulfate, bicarbonate, and 
nitrate, these constituents can be of serious 'concern to local· 
water users. 

To protect the mineral quality of ground and su~face waters 
State and local water pollution control agencies typically 
establish limits on the discharge of substances which contribute 
sodium, potassium, hardness, chloride, sulfate, or 
conductivity, which is a measure of total solids in solution. 
This restriction can affect the chemicals chosen for waste 
treatment. For example, alkaline precipitation can be 
accomplished by using lime, which forms an insoluble calcium 
sluClge, or by adding caustic soda, forming a soluble sodium 
salt. 
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In choosing an acid for neutralization of alkaline wastes, 
it is important to weigh the overall effects of chloride (from 
hydrochloric acid) and sulfate (from sulfuric acid), 

'particularly with respect to irrigational use of the receiving 
water. 

Chemicals used in the model plant processes were selected 
on the basis of best performance, including consideration of 
scaling problems, which can - be severe when calcium and sulfate 
are at saturation levels. It may be necessary to alter the 
nature of chemicals used at a specific plant, in order to meet 
local water quality requirements. 
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SECTION 7 

ASSESSMENT OF TECHNOLOGY FOR ADVANCED TREATMENT AND CONTROL 

7.1 INTRODUCTION 

In the inorganic chemicals industry, pollution abatement 
practices vary and a wide range of treatment technologies can be 
found, ranging from no treatment to the application of highly 
advanced technologies for the removal of specific pollutants. 

Until the NRDC Consent Decree, i'ndustry attention was 
primarily directed towards general pollution problems including 
removal of trace metals, but not towards treatment of over 100 
individual specific organic compounds now listed as toxic 
pollutants. Even with the classical (conventional and 
nonconventional) pollutants, treatment technology has been 
directed to removal down to the part per million level, whereas 
now the thrust is towards part per billion level requirements. , 
For both these reasons, higher level technologies are not in 
place in the inorganic chemicals industry, and it is necessary to 
look into technologies that have been applied in other industries 
or developed at the laboratory or pilot plant scale specifically 
for the removal of these toxic substances from industrial waste 
water, and determine whether they can be adopted as viable 
technological options. 

A list of candidate technologies was compiled from the 
literature, in-house expertise, and industry contacts. These 
were,evaluated with respect to: 

1. Treatment effectiveness 

2. Cost 

3. Nonwater pollution environmental effects 

4. Applications i'n the inorganic chemicals industry or on 
other industrial wa.stes with similar waste water 
cha·racter is tics. 
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The anticipation that few of the organic toxic pollutants 
would be found in inorganic chemical wastes was justified by the 
results of the analytical programs. Only one industrial 
subcategory, namely, Chlor-Alkali production using graphite 
anodes had potentially significant levels of organ1c toxic 
pollutants. As a result, the initial search for candidate BAT 
technologies became limited to treatmebt technologies for the 
thirteen metals, cyanide, and asbestos. 

The technologies finally adopted were not new or untried 
technologies since it was found that most treatment requirements 
could be met by taking conventional techniques--for example, 
chemical precipitation--and developing them to a higher degree of 
engineering and design sophistication, so that optimum removal 
efficiencies could be achieved. 

The following pages describe the theoretical basis for 
treatment systems adopted for BAT application. 

7.2 HYDROXIDE PRECIPITATION 

Hydroxide precipitation is the most widely 'used technology 
for removing trace metals from waste waters, with lime or caustic 
soda commonly used to supply the hydroxide ions. Under suitable 
conditions the metals form insoluble metal hydroxides which can 
be separated from solution. 

The chemistry of the process is not simple, and must be 
understood for each metal. Many metals are amphoteric, the 
optimum pH for precipitation varies, and organic complexes can 
interfere. A simple form of the reaction may be written as: 

M++ + 20H- = M (OH) 2 (1) 

Metal ion + two hydroxyl ion = insoluble metal hydroxide 

If the pH is below the optimum for hydroxide precipitation 
soluble complexes form: 

M++ + OH- = M(OH)+ .( 2) 

Metal ion + hydroxyl ion = soluble metal complex 

Since most metals have the capability of coordinating with 
other ions or molecules, these simple equations assume that the 
hydroxonium ion is the coordinated species. However, if organic 
radicals are pfesent, they can form chelates and mask the typical 
precipitation reactions: 
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M++ +OH- +nR = M (R)nOH+ (3) 

Metal ion + hydroxyl ion + organic ions = soluble 
metal chelate 

Such complexes may require unusual treatment to hydrolyze 
them, and their presence often explains why some treatment 
practices yield relatively poor results. 

Assuming the absence of organic complexing agents, the 
treatment levels attainable by hydroxide precipitation can be 
forecast from a knowledge of the pH of the system. Figure 7-1 
shows the theoretical solubility of those metals which form 
insoluble hydroxides, while Table 7-1 shows the solubility 
product constants. For comparison, the values for sulfides are 
also given. 

It is ~clear from the range of optimum pH's illustrated that 
for waste waters containing more than one metal, no single 
optimum pH exists, and problems arise at the threshold of the 
alkaline range _ (circa pH 10) where some metals have least 
solubility, while others are at the point of redissolving as an 
anionic species. For successful application as a waste water 
treatment technology, careful control of pH must be practiced if 
the best removals are to be achieved. 

In practice the solubility of metallic hydroxides; and the 
tendency for fine insolubles to remain in suspension may yield 
effluents which will not meet ug/l standards, and hydroxide 
precipitation is often supplemented by the use of coagulating 
agents to improve solids removal, or sulfide co-precipitation to 
reduce ultimate solubilities. -

In practice, ~the technology uses unit process steps which are 
simple, well-established, and well-understood by the industry. 

Depending on the quantity of waste flow, the treatment can 
either be a batch or continuous operation, with batch treatment 
being favored when waste flows are small. In batch treatment the 
equipment usually consists of two tanks, each with a capacity to 
treat the total waste water volume expected during the treatment 
period. These systems can be economically designed for flows up 
to 50,000 gallons per day (5). 

The treatment tanks serve the multiple functions of 
equalizing the flow, acting as a reactor and as a settler. 
During operation the waste water is stirred, and a homogeneous 
sample is taken and analyzed to determine the chemical dosage 
requirements. The chemicals are then added, mixed and stirred 
for about 10 minutes. After the reaction is complete, the solids 
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Figure ·7- 1. Solubility of metal hydroxides and sulfides 

as a function of pH. 
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TABLE 7-l. SOLUBILITY P:RODOC:t'S OF TRACE METAlS 

Metal 

Solubility Product Constant (log Ksp) 

H~e - ~"tf~e Ethyl Xanthate 

cadmium, Cd 13.6 26.1 13.6 

Copper, cu 18.6 35.2 
+2 

Ferrous, Fe 15.3 16.9 7.1 

Lead, Pb 16.1 26.6 l6.9 

Mercury, Hg 25.4 52.2 37.8 
. 

Nickel, Ni l4.8 25.7 ll.9 

Zinc, Zn 15.7 25.2 8.3· 

Chrc:mium (VI') ,Cr+6 8.9 
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are allowed to settle for a few hours. The clear liquid is then 
decanted and discharged. Settled sludge is retained to serve as 
a seed for crystal growth for the next batch, but must be drawn 
off periodically and disposed of, usually in a chemical landfill. 

For layer daily flows a typical continuous flow treatment 
scheme consists of a flash mixer, flocculator, settling unit with 
sludge storage tank, and, in some cases, a filtration system. 

The ability to separate the solids from the waste water is 
important. Metallic hydroxides tend to be gelatinous and 
sepa~ate poorly in gravity separators. Finely suspended solids 
tend to pass out with the effluent and increase the total metal 
content. Thus, improvements in precipitatioh applications have 
been directed toward fine solids removal, and this is reflected 
in the addition of various filtration systems and the use of 
flocculant aids as improved levels of treatment. 

Hydrated lime suspensions are more commonly used than cauptic 
soda as the hydroxide source because they are cheaper. However, 
if there is sulfate ion present in the waste water, gypsum will 
be formed: 

Ca (OH)2 + (804)-- = CaS04 + 20H- ( 4) 

Hydrated lime + sulfate ion = calcium sulfate (gypsum) + 
hydroxyl ions 

This increa~es the sludge produced, may cause scaling 
problems in pipelines, and may clog a dual media filter. Using 
caustic soda is more expensive;· but it generally eliminates the 
scaling problem. Total dissolved solids in the form of sodium 
salts are increased in the caustic soda tre-ated waste waters. 
Although low concentrations of sodium ,are not regarded as 
polluting, high levels can make. drinking water unpalatable, limit 
the use of water for agriculture, and promote degradation of the 
structure of arable soils. Thus, where high total dissolved 
solids are of concern, lime would be the preferred neutralizing 
agent. 

This treatment technology is widely 
industrial waste waters. Industries that 
precipitation include: 

Inorganfc Chemicals 
Plating and Metal Finishing 
Mining 
Textiles 
Steel and I ron 
Non-Ferrous Metal Processing and 
Electronics 
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Better than 99 percent removal of trace metals have been 
reported in the literature with final concentrations in the 
treated effluents ranging from sub ppm to low ppm (see Tables 8-1 
through 8-10). 

7.3 FERRITE COPRECIPITATION 

An interesting variation on the theme of hydroxide 
precipitation is a process developed in Japan for the removal of 
heavy metals from acidic waste water. The process, known as 
ferrite coprecipitation, has the potential for . producing a 
marketable residual by converting the metal ions in solution into 
insoluble ferromagnetic oxides or ferrites which can be removed 
magnetically or by filtration (5). The treatment is applied by 
adding a ferrous salt to the metal-bearing waste water, then 
neutralizing and oxidizing the complex heavy metal-ferrous 
hydroxide precipitate by aeration to form the stable ferrite 
coprecipi tate. Particle sizes are reported to be relatively 
large and sludges formed can be safely disposed, of by 
landfilling. 

Although extensive performance data have not been developed, 
the information available indicates that very hiqh removal 
efficiencies can be achieved for most of the common heavy metals, 
including mercury and hexavalent chromium. The method has not 
been considered here as an available technology due to the lack 
of sufficient information on chemical dosing requirements, energy 
requirements, and performance in situations similar to those 
found in the inorganic chemicals industry. In connection with 
waste water treatment in the Titanium Dioxide Subcategory for the 
sulfate process, the wastes contain considerable amounts of 
ferrous iron from the processing of ilmenite ore and the current 
practice of neutralization and aeration may involve the same 
chemistry as the ferrite coprecipitation process. 

7.4 SULFIDE PRECIPITATION 

The basic principle of sulfide treatment technology is 
similar to that of hydroxide precipitation. Sulfide is added to 
precipitate the metals as metal sulfides and the sludge formed is 
separated from solution by gravity settling or filtration. 
Sodium sulfide and sodium bisulfide are the two chemicals 
commonly used, with the choice between these two precipitation 
agents being strictly an economic consideration. 

Metal ~ulfides form according to the following equation: 

M++ + Na2S = MS + 2Na+ (5) 
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Metal ion + sodium sulfide = insoluble metal sulfide + 
sodium ions 

Figur.e 7-1 shows the theoretical solubility of the metals 
that form insoluble sulfides, while Table 7-1 shows the 
corresponding solubility product constant. 

The major problem in applying sulfide precipitation 
techniques is associated with the toxicity of sulfides. This 
warrants both care in application and post treatment systems to 
remove excess sulfide. Pretreatment involves raising the pH of 
the waste stream to minimize evolution of hydrogen sulfide gas. 

A recently developed and patented process to eliminate the 
potential hazard of excess sulfide in the effluent and the 
formation of gaseous hydrogen sulfide uses ferrous sul£ide as the 
sulfide source (6). The fresh ferrous sulfide is prepared by 
adding sodium sulfide to ferrous sulfate. The ferrous sulfide 
slurry formed is apded to a waste water to supply sufficient 
sulfide ions to precipitate metal sulfides · which have lower 
solubilities than ferrous sulfide. Typical reactions are: 

FeS + Cu++ = CuS + Fe++ 

Ferrous sulfide + copper ion = insoluble copper sulfide + 
iron ion 

FeS + Ni (OH)2- Fe(OH)2 + NiS 

Ferrous sulfide + nickel hydroxide = ferrous hydroxide + 
insoluble nickel sulfide 

(6) 

(7) 

A detention time of 10-15 minutes is sufficient to allow the 
reaction to go to completion (7). Ferrous sulfide itself is also 
a relatively insoluble compound. Thus the sulfide ion 
concentration is limited by the solubility of ferrous sulfide, 
which amounts to about 0. 02 mg/1, and the inherent problems 
associated with conventional sulfide precipitation are minimized 
( 8) • 

One other advantage of this process is that if chromium (VI) 
is present, it will also be reduced at the pH of normal operation 
(8 to 9) and precipitate as the trivalent hydroxide (Cr III). 

Treatment systems for sulfide precipitation are similar to 
those used for hydroxide precipitation. A continuous treatment 
scheme generally consists of a pH adjustment tank, flash mixer, 
flocculator, settling units with sludge storage, and q dual media 
filter •. 

Before the addition of sodium sulfide or bisulfide the pH of 
the incoming wasteflow is adjusted to pH of 7-8 in the first 
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reaction tank to reduce the formation of obnoxious hydrogen 
sulfide gas. The chemicals are then added to the flash mixer 
where they are thoroughly mixed with ~he waste water. 

After the flash mix, the waste water passes through a 
flocculating basin where the floc agglomerates and settles in the 
settling unit. The overflow from the settling unit generally 
passes through a filter to remove any fine precipitates. Any 
excess sulfide will need to be removed before final discharge. 
This can be achieved either by aeration or other chemical 
oxidation techniques. 

Sulfide precipitation is being practiced in the inorganic 
chemicals industry, mining industry, textile industry, and 
nonferrous metal processing industry. Most of the Chlor-Alkali 
industry is applying this technology to remove lead or mercury 
from its waste streams. 

Literature citations on the efficiency of sulfide 
precipitation (9, 10, 11) indicate that most results are in the 
sub ppm range, and that sulfide treatment is superior to 
hydroxide treatment for the removal of several trace metals. A 
recent report concluded that, with no complexing agents in the 
waste, the following effluent quality c~n be achieved (11). 

Metals Concentration 

Cadmium 
Copper 
Zinc 
Nickel 
Chrome (total) 

0.01 mg/1 
O.Ol mg/l 
0.01 mg/1 
0.05 mg/1 
0.05 mg/1 

Adding ferrous sulfide as a polistiing step to remove residual 
metals appears to be a promising, economical technology. 
Although there is no full-scale treatment system operating in the 
inorganic chemicals industry, pilot studies on chrome pigment 
waste indicate that this process is superior to sulfur dioxide 
reduction followed by hydroxide precipitation (12). 

7.5 THE XANTHATE PROCESS 

The use of xanthates for the removal of metals from waste 
streams appears to be a new, promising technology for treating 
metal-bearing waste waters. Xanthates contain functional groups 
capable of forming insoluble complexes with metals, and the 
sludge so formed can be separated by conve~tional means. 
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Xanthates can be generated by mixing starch or cellulose with 
carbon disulfide in a caustic medium. Three types of xanthates 
have been proven in bench pilot scale studies to be effective in 
removing cadmium, chromium (III), copper, iron, lead, mercury, 
nickel, silver and zinc from industrial waste waters (13-20). 
These are: 

Soluble starch xanthate with a cationic polymer, 

Insoluble starch xanthate, and 

Fibrous cellulose xanthate 

The general removal mechanism is as follows: 

2 (ROCS (=S) Na] + M++ = (ROCS (=S) 2M] + 2Na+ 

Xanthate + metal ion = insoluble metallic xanthate + 
sodium ions 

where R = starch or cellulose 

(8) 

Unlike hydroxide precipitation, this process is reported to 
be effective in removing metals over a wide pH range of 3 to 11, 
with an optimum range between 7 and 9. 

Brass mill waste waters, lead battery effluent, circuit board 
rinse waters, electroless copper plating rinse waters, 
pyrophosphate electroplating rinse waters, and copper etching 
rinse waters were studied in a pilot plant with insoluble starch 
xanthate as the complexing agent (20). This pilot study 
demonstrated that the xanthates can either be added to a reactor 
to mix with the waste waters or be applied as a precoat on a 
pressure filter (20). Results of these pilot studies showed that 
metals were reduced to below 50 pg/1 (ppb) • 

Another study indicated cellulose xanthate is as effective as 
starch xanthate in removing trace metals. The following table 
summarizes the result of the study with a cellulose xanthate 
dosage of 90 mg/1 and a contact time of 30 minutes (18-19): 

Metals 

Cadmium 
Chromium 
Copper 
Iron 
Lead 
Nickel 
Zinc 

Concentration, mg/1 

Influent 

1.35 
0.30 
1.6 
3.1 
3.9 
2.4 
1.0 
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Effluent 

0.027 
0.022 
0.06-0.14 
0.08-0.36 
0.008-0.021 
0.077 
0.03-0.04 



This study also concluded that cellulose xanthate is superior 
to starch xanthate in terms of sludge settling characteristicsr 
filterability,· and handling. 

Xanthate may also be used as a complexing agent to prevent 
the formation of soluble anions from insoluble amphoteric metal 
hydroxides. 

The xanthate process is a relatively new technology, and the 
reagent compounds are not yet available in commercial quantities. 
More information is needed on dosage rates in continuous flow 
operations. Potentially the metals can be recovered by leaching 
the xanthate complex with nitric acid, _but metal recovery has not 
been demonstrated yet. Sludge disposal problems may arise if the 
sludge complex is unstable and, if xanthates are to be generated 
on site, care will be needed in handling the hazardous carbon 
bisulfide. 

7. 6 ION EXCHANGE 

Ion exchange is a chemical reaction between the ions in 
solution and the ionic sites on an exchange resin. Many natural 
solids (e.g., soils, proteins, and zeolites) exhibit such 
exchange character is tics. However, synthetic resins are the 
predominant ones used for ion exchange applications in modern 
industrial technology. These resins contain functional groups 
that can react with the ions in solution•. Depending on these· 
functional groups, the resins can be classified into: 

Strongly acidic cation exchanger, 
Weakly acidic cation exchanger, 
Strongly basic anionic exchanger, and 
Weakly basic anionic exchanger. 

Cation exchangers are qapable of exchanging with cations in 
solution. Strongly acidic cation exchangers contain functional 
groups such as sulfonates, (-S03H and -S03Na), while weakly 
acidic exchangers have functional groups derived from carboxylic 
acids, (-COOH and -COONa). 

Anionic exchangers are used to exchange with the anions in 
solution. In general, strongly basic exchangers contain amine 
functional groups (-R3NOH and -R3NC1), and weakly basic 
exchangers contain ammonia functional groups (-NH30H and -NH3Cl) 

When the functional groups are used up in the reaction, the 
resins can usually be regenerated. Cationic resins can be 
regenerated by sodium chloride, hydrochloric acid, sulfuric acid 
or sodium hydroxide. Anionic resins are regenerated by sodium 
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hydroxide, ammonium hydroxide, 
chloride, or hydrochloric acid. 

sodium carbonate, sodium 

The exchanger can either be added to the waste waters in 
batch operations or be packed in a fixed bed or column. Fixed bed 
is by far the more effective and hence more popular. The 
operation generally follows a four-step cycle: exchange 
(service), backwash, regeneration, and rinse. 

During the exchange step, the reaction between the ions in 
solution and the ionic sites in the resin takes place as the 
waste water passes down the bed. The reaction is generally 
regarded as a result of electrostatic attraction ( 20) • 
Therefore, the size of the hydrated ion and the charge on the ion 
are the determining factors for the exchange reaction. A 
trivalent ion is attracted more strongly than a bivalent ion 
which is in turn attracted more strongly than a monovalent ion. 
For ions with the same charge, the smaller hydrated ion is 
capable of moving closer to the exchange site, and is thus 
favored. 

Many synthetic resins contain functional groups that are 
selective to certain metals. For example, a resin manufactured by 
a European company reacts preferentially with mercury (Hg++) and 
mercuric chloride (HgCl+) ions according to the following 
equations: 

2RSH + Hg++ = RSHgSR + 2H+ 

Resin + mercury ion = insoluble resin complex + 
hydrogen ions 

( 9) 

RSH + HgCl+ = RSHgCl + H+ (10) 

Resin + mercuric chloride ion = insoluble resin complex + 
hydrogen ions 

The exchange reaction is governed by the law of mass action. 
During the reaction, the affinity of the resin for the two ions 
is so great that essentially all the mercury or mercury 
chloride-resin complex formation equilibria are shifted toward 
the formation of Hg++ and HgCl+ which are rapidly removed. A 5 
ppb residual mercury concentration in the effluent is achieved by 
this process (22). 

After all the exchangeable sites in the resin are used up, 
the bed is backwashed by passing clean water through to loosen up 
the bed and to remove any fine particulates that are trapped 
inside the bed. 

After the backwash cycle the resins can be regenerated·with 
the appropriate regenerant. 
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RSHgCl + HCl = RSH + HgC12 (11) 

Insoluble resin complex + hydrochloric acid = regenerated 
resin + mercuric chloride 

Orie attractive feature of the ion exchange process is that it 
concentrates the metals in the regeneration step, and thus 
provides a potential for their recovery. However, if recovery is 
not feasible, this creates a secondary stream which needs to be 
treated. 

A recent study found that sodium alumino silicates (zeolites) 
might be a low-cost exchanger that can be discarded after a one
time use (22). This would eliminate the regeneration step. On a 
batch study with a five-minute contact time, cadmium and mercury 
were removed to below 10 ppb. Thermodynamic considerations show 
this exchanger to have a high affinity for cadmium, copper, 
mercury, nickel, silver, zinc, cesium, and barium. 

Ion exchange is a proven technology that can reduce metal 
concentrations down to low levels. However this technology is 
used only in limited industrial pollution abatement applications 
because of the high cost associated with the process. 
Consequently, ion exchange has not been recommended in this 
report for BAT technology. 

7.7 REDUCTION PROCESSES 

Many metals can exist in solution in several oxidation 
states, and it may be necessary to convert from a higher valency 
state to a lower one in order to apply a given chemical reaction. 
The classic example is chromium, which as the trivalent chromic 
ion will precipitate as the hydroxide in alkaline solution, while 
the hexavalent chromate or dichromate ion will not. The latter 
needs to be reduced if precipitation is to occur. 

Hexavalent chromium (e.g., Cr04= and Cr207=) is toxic and 
soluble. The most ef£icient way of removing this from solution 
is a two-step process of reduction followed by precipitation. 

Chromium (III) is much less toxic than chromium (VI), and 
forms an insoluble hydroxide which can be removed from solution 
by settling and filtration. 

A number of chemicals are used for the reduction of chromium. 
Most common are sodium bisulfite, sodium metabisulfite, sulfur 
dioxide and ferrous salts. The reduction is accomplished readily 
at low pH with these reagents. .Typical reduction reactions are: 
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3S02 + Cr207= + 2H+ = 2Cr+++ + 3S04= + H20 (12) 

Sulfur dioxide + dichromate ion + hydrogen ion = trivalent 
chromium ion + sulfates and water 

3S03= + Cr207= + 8H+ = 2Cr+++ + 3S04 = +4H20 (13) 

Sulfite ion + dichromate ion + hydrogen ion = trivalent 
chromium ion + water 

6Fe++ + Cr207= + 14H+ = 2Cr+++ + 6Fe+++ + 7H20 

Ferrous ion + dichromate ion + hydrogen ion = trivalent 
chromium ion + ferric ion + water 

(14) 

The reduced chromium and the ferric ions produced in the 
third equation will exist as the soluble sulfate at acid pH's. 
If the pH is above 5, the reaction rate is drastically reduced, 
and although dithionite will effect reduction at neutral pH's, it 
is very costly and its use may be contraindicated. 

After the reduction step, lime or caustic soda is added to 
raise the pH to 8. 5-9.0. Trivalent chromium will be 
precipitated. 

Cr+++ + 30H- = Cr(OH)3 

Trivalent chromium ion + hydroxide ion = insoluble 
chromium hydroxide 

(15) 

The theoretical solubility limit of chromium hydroxide is 
above 0.02 mg/1 (8). It is reported that applying sulfur dioxide 
to a pigment waste consistently reduces Cr, (VI) and Cr(T) to 0.5 
mg/1 and 1.5 mg/1 respectively as 30-day averages (9) (10). By 
applying ferrous sulfide to a plating waste with an initial 
Cr(VI) concentration of 128 mg/1 and Cr(T) concentration of 153 
mg/1, an effluent quality of less than 0. 05 mg/1 of either 
species is achieved (12). 

A one-step precipitation-reduction process using sodium 
bisulfide is used in a dichromate plant to remove chromium· from 
its waste water. An effluent quality 'with less than 1 mg/1 
Cr(VI), and less than 5 mg/1 Cr(T) was reported (3) •. 

One other common reduction process is the application of 
sodium borohydride to reduce metals in waste streams. Sodium 
borohydride is a mild but effective reducing agent (3), and is 
currently used in some chlor-alkali plants to reduce the soluble 
mercury ion to metallic mercury which is removed from solution by 
carbon adsorption: ~ 
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4Hg++ + BH4- + SOH-= 4Hg +' B(OH}4- + 4H20 (16} 

Mercury ion + borohydride ion + hydroxyl ion = insoluble 
mercury metal + borate ion + water 

A mercury level of 0.01 mg/1 in the final effluent has been 
reported (3). 

Sodium borohydride is also reported to be effective in 
removing silver, mercury, gold, lead, and cadmium {5). However, 
this technology is only being applied in limited cases, the cost 
of the chemical being the major drawback. The cost of sodium 
borohydride was $16.00 per pound in 1978 (23). 

7.8 OXIDATION PROCESSES 

The oxidation of organic substances is generally carr~ed out 
by thermal processes such as wet oxidation and incineration, or 
by biological processes such as the activated sludge process, 
trickling filters, biodiscs, and aerated lagoons. 

Incineration is actu~lly a combination of oxidation and 
pyrolysis. Both involve chemical changes resulting from heat. 
Oxidation involves actual reaction with oxygen, while pyrolysis 
refers to rearrangement or breakdown of molecules at high 
temperatures in the absence of oxygen. There are five types of 
incinerators available commercially. These are rotary kiln, 
multiple hearth, liquid injection, fluidized bed, and pyrolysis 
(24). A minimum temperature of 1000 degrees C and a residence 
time of two seconds is required for the reaction to proceed. 
This process has been shown to be successful in reducing 
pesticides to harmless molecules (25}. 

Wet oxidation is a process in which an aqueous waste can be 
oxidized in the liquid phase in a closed, high-temperature, high 

-pressure vessel. This reduces some of the problems (such as air 
pollution from exhaust gas), inherent in incineration. Wet 
oxidation has been used for a variety of wastes including pulping 
waste and acrylonitrile liquor ( 26) • A percent reduction in 
excess of 99.8 of some of the toxic pollutants has been reported 
( 27} • 

Thermal oxidation processes are not expected to have much 
application in the inorganic chemicals industry, mainly because 
of the high energy cost required and the low level of organic 
contamination found in the wastes. 

The application of chemical oxidation to industrial wastes is 
well established for cyanides, sulfite, ammonia, and other 
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harmful species in dilute waste streams (phenols, mercaptans, 
polysulfides, etc.). Common chemicals used as oxidizing agents 
included chlorine, hypochlorite, hydrogen peroxide, potassium 
permanganate, ozone, and chlorine dioxide. Air and oxygen are 
also used. 

The most widely used chemical oxidation technology applicable 
to the inorganic chemicals industry is the oxidation of cyanide. 
The oxidation reaction between chlorine and cyanide is believed 
to proceed in two steps as follows: 

CN- + Cl2 = CNCl + Cl- (17) 

Cyanide + chlorine = cyanogen chloride + chloride ion 

CNCl + 20H- = CNO- + Cl- + H20 (18) 

Cyanogen chloride + hydroxyl ion = cyanate ion + chloride 
ion + water 

The formation of cyanogen chloride (CNCl) is essentially 
instantaneous. The second reaction, the formation of cyanate, is 
accomplished most rapidly and completely at a pH of 10 or higher 
(9, 28). A detention time of 30 minutes to two hours is usually 
allowed. 

The cyanates can be further decomposed into nitrogen and 
carbon dioxide by excess chlorination or acid hydrolysis: 

2CNO- + 40H- + 3Cl2 = 6Cl- + 2C02 + N2 + 2H20 

Cyanate + hydroxyl ion + chlorine = chloride ion + 
carbon dioxide + nitrogen + water 

(19) 

CNO- + 2H20 = C02 + NH3 + OH- (20) 

Cyanate + water = carQon dioxide + ammonia + hydroxyl ion 

The first reaction can be accomplished in about one hour if 
the pH is adjusted to 8. 0-8.5. Acid hydrolysis usually takes 
place at pH 2-3 and care must be taken to avoid the liberation of 
the toxic cyanogen chloride as a gas. Hydrolysis is not usually 
the chosen option. 

Other common chemicals used to oxidize cyanide include sodium 
hypochlorite, ozone, and hydrogen peroxide. The reaction for 
sodium hypochlorite is essentially the same as for chlorine. For 
ozone and hydrogen peroxide, the oxidation step proceeds as 
follows: 
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03 + CN- = 02 + CNO- (21) 

Ozone + cyanide = oxygen + cyanate ion 

H202 + CN- = CNO- + H20 (22) 

Hydrogen peroxide + cyanide = cyanate ion + water 

The advantage of using these two oxidizing reagents is that 
no dissolveQ solids are added to the waste water. Ip addition, 
excess chlorine is not discharged. 

A patented process uses hydrogen peroxide and formaldehyde to 
decompose cyanide at about 120 Deg. F. This has the advantage of 
precipitating cadmium and zinc simultaneously (9). 

Alkaline chlorination is currently being practiced in one 
hydrogen cyanide production plant. Laboratory studies in the 
plant indicated that the presence of ammonia in the waste water 
reduces the efficiency of cyanide removal. It is well known that 
ammonia reacts with chlorine or hypochlorous acid to form 
chloramines: 

NH3 + HOCl = NH2Cl + H20 (23) 

Ammonia + hypochlorous acid = monochloramine + water, etc. 

NH2Cl + HOCl = NHC12 + H20 

NHC12 + HOCl = NC13 + H20 

(24) 

(25) 

If excess chlorine is added, chloramines can be converted 
into nitrogen oxide(s): 

2NH3 + 4HOC1 = N20 + 4HC1 + 3H20 (26) 

This equation is not exact because the final form of nitrogen 
oxide is. believed to be a mixture of nitrous oxide, nitrogen 
dioxide and nitric oxide. 

The treatment of cyanide by chemical oxidation is currently 
practiced in the following industries: 

Inorganic Chemicals (Hydrogen Cyanide Production) 

Mining 

Plating 

The free cyanide level after treatment is generally belpw 0.1 
mg/1 (9}. 
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7.9 MEMBRANE PROCESSES 

Membrane processes have emerged in the last decade as a 
promising new technology for the treatment of saline water and 
waste waters. A membrane is a semi-permeable barrier which 
allows the transport of some molecules (ions) and retains others. 
The driving force can either be electropotential differences 
(electrodialysis) or pressure difference (reverse osmosis and 
ultrafiltration). The major application of these processes has 
been the desalination of brackish water and sea water. More 
recently, these have also found application in a number of 
industries, including: 

Mining 
Electroplating 
Metal Finishing 
Printed Circuit Board Manufacturing 
Battery Manufacturing 
Pulp' and Paper 
Food Processing 

In electrodialysis, an even number of alternating anion and 
cation selective membranes are placed between two electrodes. 
When current is applied the anions are attracted to the anode, 
and cations are attracted to the cathode". In the process of 
migration, the cations pass through the cation-permeable membrane 
and are blocked by the anion-permeable membrane. Likewise, the 
anions pass through the anion-permeable membrane and are blocked 
by the cation membrane. This results in alternating paths of 
purified water and concentratefr reject,(Figure 7-2)J 

The electrodialysis membranes are made very thin and are 
assembled in stacks. The flow path is the active portion of the 
cells. Pretreatment to.remove suspended materials is absolutely 
essential. Other materials in the waste feed that may lead to 
membrane fouling include high organic content, calcium sulfate, 
and certain complex ions such as ZnCl- which can .partially 
convert the anion membrane to the cation form, with significant 
loss in system performance (28). 

As ionic concentration decreases, the electroconductivity of 
the water also decreases, making it less efficient to r~move the 
remaining salt. Most operations do not produce a product water 
of less than 500 mg/1 total dissolved solids. 

Reverse osmosis (RO) and ultrafiltration (UF) are similar in 
basic concepts. Both are pressure-driven separation processes 
that employ high-flux semi-permeable mempranes operating under 
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Figure 7-2. Electrodialysis process. 

97 



dynamic flow conditions (29). In contrast to electrodialysis,· 
these involve the transport of solvent, not solute, across the 
membrane. 

Osmosis is a process in which solvent from a dilute solution 
is transported spontaneously across a semi-permeable membrane. 
into a concentrated solution. By applying enough pressure to 
overcome this osmotic pressure, reverse osmosis, i.e., the 
passage of solvent from a concentrated solution to a dilute 
solution through a semi-permeable membrane, occurs. The 
operating pressure of reverse osmosis units is usually between 
350 and 600 psi. Ultrafiltration usually operates at a much 
lower pressure (5 to 100 psi). The predominant transport 
mechanism is selective sieving through pores. The membrane 
retains high molecular weight dissolved solids such as synthetic 
resins, colloids, and proteins. The upper and lower molecular 
weight limit is generally defined as 500,000 -and 500 
respectively. 

Membranes are usually fabricated in flat sheets or tubular 
forms. The most common material is cellulose acetate but other 
polymers such as polyamides are used. There are four basic 
module designs: plate-and-frame, tubular, spiral-wound, and 
hollow fiber. Table 7-2 is a comparison between the various 
reverse osmosis modules. Membrane processes are effective in 
removing (concentrating) inorganic and organic substances from a 
wastestream. Usually extensive pretreatment is required to 
reduce the suspended solids and control pH. There are 
uncertainties about· operation efficiency, membrane lifetime, 
rejection specificity, and other factors. If recovery is not 
feasible, the concentrated reject must be disposed or treated by 
other methods. The high operation and capital cost limits the 
widespread application of these technologies. For these reasons 
membrane technique is not recommended as a BAT technology for 
this industry. 

7.10 ADSORPTION 

Adsorption is a surface phenomenon in which a substance is 
accumulated on the surface of another substance. Sorption of a 
solute on a solid surface is widely used in pollution abatement 
practices. The term "adsorbate" refers to the substance being 
concentrated, and the term "adsorbent" refers to the material 
that provides the surface. 

Activated carbon is the prevalent adsorbent used. Both 
inorganic and organic substances are known to be removed 
effectively by activated carbon. Certain chlor-alkali plants are 
currently using activated carbon as a polishing step to remove 
mercury. 
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TABLE 7-2. Ca.1PARISON OF REVERSE OSMOSIS CONCEPTS 
1 

Water Flux Water Output Parasitic Pressure 
Packing at 600 psi Per Unit Scxlium IDsses (Esi) Useful 
Density (gal/ Volume (gal/ Chloride Feed Product pH Ease of 

(ft
2
/ft3) day/ft2) day/ft

2) Rejection Channel Channel Range Cleaning 

Plate-ani-Frame 150 10 1500 Very good 30 30 2-8 Fair 

Large tubes 50 10 500 Very good 50 10 2-8 Very good 

Spiral 250 10 2500 Very Good 10 50 2-8 Good to 
very good· 

Polyamide hollow 5000 1(400 psi) 5000 Fair ·~ 10 50 0-12 Fair 
fine fibers 

\0 Cellulose acetate 2500 3(250 psi) 7500 Good 10 50 3-7 Fair \0 

hollow fine 
fibers 

Source; Weber, Physiex>chanical Processes, 1972. 



Activated carbon is made by charring basic substrates, such 
as wood, coke, coal, shell, husks, etc., at 600 degrees C in a 
controlled atmosphere, where oxygen is kept low by adding carbon 
dioxide or steam. This process drives out volatiles, leaving a 
porous carbon lattice in an "activated" state. 

Activated carbon can be obtained in powdered and granular 
form. Powdered carbon is about 50-70 microns in diameter, and 90 
percent should pass through a 300-mesh screen. Granular carbon 
is about 0.1-1 mm in diameter, and because of this is three times 
more expensive than powdered carbon. 

The application involves the passage of the waste waters through 
a contact bed. When the bed is exhausted, the carbon is either 
regenerated or sent to landfill. It is economical for large 
plants to regenerate the carbon. This can be done either by 
thermal regeneration'in a rotary kiln or multihearth incinerator, 
or by chemi'cal regeneration by using oxidizing agents such as 
hydrogen peroxide or acids and bases. 

The application of carbon adsotption has been mainly in 
organic waste treatment. Recently, there are studies indicating 
the effectiveness of carbon adsorption in removing mercury, 
cadmium, cyanide, chromium, lead, nickel, zinc, arsenic, and 
copper (30, 31). 

An interesting development in carbon technology is its use 
after the waste water is· ozonized. This combination (known as 
Bacteriologically Activated Carbon or BAC) has proved effective 
in treating otherwise biologically inactive organic compounds. 
The process involves chemical modification of the organics by the 
ozone. Maintenance of an aerobic region on the carbon allows a 
biologically activated film to develop and the modified organics 
are further treated by a mixed process of biological oxidation 
and carbon adsorption. The system has the advantage of being a 
potential add-on to existing BPT systems, and should be cost 
effective since it has been found that the carbon only needs 
regeneration at infrequent intervals. 

No industrial applic.ations of this technology are known, 
although re~earch is under way (32). 

Bacteriologically Activated Carbon is a very attractive 
potential BAT technology for the removal of organic toxic 
pollutants from waste streams, although no application to ·the 
industry subcategories studied in this report was found. 
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7.11 FLUORIDE REMOVAL 

The conventional method of treating fluoride-bearing wastes 
is to precipitate the fluoride as calcium fluoride by the 
addition of lime. The reaction is: 

Ca(OH)2 + 2F- = CaF2 + 20H- (27) 

Hydrated lime + fluoride ion = insoluble calcium fluoride + 
hydroxyl ion 

Using this process alone, it is difficult to remove fluoride' 
to below 8 mg/1 due to the solubility of calcium fluor ide (9, 
33). Adding alum with the lime generally improves the removal 
efficiency. Fluoride ions are removed as follows: 

Al(0~)3 + F- = Al(OH)2F + OH-

Aluminum hydroxide + fluoride ion = 
aluminum monofluorohydroxide + hydroxyl ion, etc. 

Al(OH)2F + F- = Al(OH)F2 + OH-

Al(OH)F2 + F- = AlF3 + OH-

(28) 

(29) 

(30) 

Complexed fluorides are also adsorbed to some extent on the 
aluminum hydroxide surface and removed in the coagulation process 
(33). Large amounts of alum (5000 mg/1) are required to reduce 
the fluoride concentration to below 1 ppm. 

Activated alumina has been shown to be effective in removing 
fluoride and arsenic in waste water (34) and fluoride from 
drinking water in municipal water treatment practice (35-38). 
Typically, the fluoride content of raw water can be reduced from 
about 8 to 1 ppm (38). Application of activated alumina· to high 
fluoride industrial wastes shows that a low ppm effluent can be 
achieved (39), although high capital and operation costs 
generally limit the wide application of this process. 

Certain process operations used -in the manufacture of 
inorganic fluoride compounds involve the use of sulfuric acid and 
starting materials which contain silicate or borate impurities. 
This may lead to the formation of wastes containing 
fluorosulfonate, hexafluorosilicate or tetrafluoroborate complex 
ions. Although tetrafluoroborate is usually a very minor 
constituent and the hexafluorosilicate is readily hydolyzed in 
treatment systems, the fluorosulfonate ion is fairly stable and 
presents a serious problem where low levels of total fluoride are 
required. The lime precipitation method is not effective in 
removing the fluorosulfonate and the effectiveness of adsorption 
techniques is not known. 
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7.12 CHLORINE REMOVAL 

The removal of residual chlorine (in the form of 
hypochlorite) in industrial waste water is normally accomplished 
by the addition of sulfur dioxide or a related reducing agent 
such as sodium bisulfite or sodium metabisulfite. Typical 
reactions are shown in Equations 31 and 32. 

S02 + OCl- + H20 = H2S04 + Cl- (31) 

Sulfur dioxide + hypochlorite ion + water = sulfuric acid 
+ chloride ion 

Na2S03 + OCl- = Na2S04 + Cl-

Sodium sulfite + hypochlorite ion = sodium sulfate + 
chloride ion 

(32) 

Alternatively, 
expensive may also 

hydrogen 
be used 

peroxide, although relatively 
for dechlorination according to 

Equation 33. 

H202 + OCl- = H20 + 02 + Cl-

Hydrogen peroxide + hypochlorite ion = water + oxygen + 
chloride ion 

(33) 

In the chlor-alkali industry, certain waste water streams may 
have a sufficiently high loading of,chlorine to warrant recovery 
of the product by air stripping, steam stripping, or extraction 
by carbon tetrachloride. In some locations, a market exists for 
sodium or calcium hypochlorite solutions which can be generated 
by treating the tail gases with caustic soda or lime. This may 
serve as a means for disposing of waste chlorine which cannot be 
economically recovered. As alternatives for waste chlorine 
disposal, the streams may be treated to form the hypochlorite and 
then decomposed thermally or catalytically. These technologies 
are discussed in Section 11 dealing with the chlor-alkali 
industry. Chlorine residuals remaining after the recovery and/or 
decomposition steps have been taken would be amenable to 
treatment with reducing agents such as sulfur dioxide, bisulfite, 
or hydrogen peroxide as described above. 
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SECTION 8 

TREATABILITY ESTIMATES AND LONG-TERM DATA ANALYSIS · 

8 .1 THE DEVELOPMENT OF TREATABILITY ESTIMATES 

The review of technological treatment options applicable to 
the removal of toxic pollutants has led to the conclusion that 
the particu_lar contaminants found in the raw process waste 
waters of the subject industries can be effectively controlled 
by the proper application of fairly well-known and demonstrated 
techniques •. In order to proceed from a general discussion and 
description of techniques to a detailed evaluation for each 
subcategory of the levels of removal that can be expected, a 
summary is now presented of selected treatability data for the 
13 toxic metals. · 

-The treated waste concentrations and removal efficiencies 
reported in the literature are assumed to represent the best 
performance characteristics that can be obtained under the 
specified operating conditions. The treatment technologies 
considered can thus be assigned a set of optimum conditions and 
best performance estimates for removal of the particular toxic 
metals that are amenable to treatment. Taking each metal in 
turn, Tables 8-1 through 8-10 give the initial and final 
concentrations, the removal efficiencies, and the pH conditions 
for different treatment technologies. The best performance 
estimates for metal removal are derived from the tabulated data 
and ar,e utilized in turn as the bases for making long-term 
achievable performance estimates. The sequence of analytical 
steps is: 

1. Review and analyze applicable performance data. 

2. Estimate best performance undei optimum treatment 
conditions. 

3. Estimate achievable' performance 
industrial operati~g conditions. 
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TABIE 8-1. WASTE WATER TRFA'IMENI' OPTIONS AND PERFORMANCE DATA SUMMARY -
ANTIIDNY AND ARSENIC REMOVAL 

Treatment Technology pH Initial Final Renoval References 
Concan- Concan- (%) 
tration tration 

(mg/1) (mg/1) 

Antirrony 

L:ine/Filter 11.5 0.6 0.4 28 40 

Ferric chloride/Filter 6.2 0.5 0.2 65 40 

Alum/Filter 6.4 0.6 0.2 62 40 

.Arsenic 

L:ime Softening 0.2 0.03 85 9, 10 

SUlfide/Filter 6-7 0.05 9, 10 

L:ime (260 mg/1) /Filter 10.0 5.0 1.0 80 41 

Lime (600 mg/l)/Fi1ter 11.5 5.0 1.4 72 41 

Ferric sulfate 5-7.5 0.05 0.005 90 42 

Ferric sulfate 6.0 5.0 0.5 90 41 

Lime/Ferric Chloride/ 10.3 3.0 0.05 98 9, 10 
Filter 

Activated alunina 6.8 0.4-10 <0.4 96-99+ 43 
(2 mg/1) 

Activated carbon 3.1-3.6 0.4-10 <4.0 63-97 43 
(3 mg/1) 

Ferric Chloride 0.3 ' 0.05 98 9, 10 

Jrerric Chloride 0.6-0.9 <0.13 9, 10 
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TABLE 8-2. WASTE WATER TREATMENT OPI'IONS AND PERFORMANCE DATA SUMMARY -
BERYLLIUM AND CALMITIM REMOVAL 

Treatment Teclm.ology pH, Initial Final Rerroval References 
Concen- Concen- (%) 
tration tration 

(mg/1) (mg/1) 

Beryllium 

Line/Filter 11.5 0.1 0.006 99.4 40 

Cadmium 

Line (260 rng/1)/Filter 10.0 5.0 0.25 95 41 

Lime (600 mJ/1) /Filter 11.5 5.0 0.10 98 41 

Lime Softening 5-6.5 0.44-1.0 0.008 92-98 8 

Lime/Sulfide 8.5-11.3 0.3-10 0.006 98+ 44 

Ferrous Sulfide (Sulfex) 8.5-9.0 4.0 <0.01 99+ 7,8,11 

Ferrite coprecipitation/ neutral 240 0.00? 99+ 5 
Filter 
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TABLE 8-3. WASTE WATER TREATMENT OPI'IONS AND PERFORMANCE DATA SUMMARY -
COPPER REMOVAL 

Trea"bnent Technology pH Initial Final Rerroval References 
Concen- Concen- (%) 
tration tration 

(rrg/1) (rrg/1) 

L:i.Ire/Filter 8.5-9.0 3.2 0.07 98 8 

Lime (260 rrg/1) /Filter 10.0 5.0 0.4 92 41 

L:i.Ire (600 mg/1) /Filter 11.5 5.0 0.5 91 41 

Ferric sulfate/Filter 6.0 5.0 0.3 95 41 

L:i.Ire >8.5 10-20 1-2 90 9,10 

L:i.Ire 9.5 3.0 0.2 93 45 

Alum 6.5-7.0 3.0 0.2 93 45 

L:i.Ire/Sulfide 5.0-6.5 50-130 <0.5 44 

Ferrous sulfide (Sulfex)8.5-9.0 3.2 0.02 99 8 

Ferrous sulfide (Sulfex)8.5-9.0 4,.0 0.01 99+ 7,8,11 

Ferrite Coprecipitation/ 0.01 99+ 5 
Filter 
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T1IBLE 8-4. WASTE WATER 'l'REMMENI' OPl'ICNS AND PERFOBMA&.'K:E DATA StM!ARY -
CHR:MIUM III AND CHBCMitlM VI REMYJAL 

Treatmant Technology pH Initial Final Raroval References 
Concen- Concen- (%) 
tration tration 

(mg/1) (mg/1) 

Olrani.um 

Lima (260 mg/1) /Filter 10.0 5.0 0.1 98 41 

Lima (600 mg/1)/Filter 11.5 5.0 O.l 98 41 

Reduction/Lima 7-8 140 (as 1.0 9,10 
Cr VI) 

Reduction/Lima 7-8 1300 (as 0.06 Criii 3,9,10 
Cr VI) 

Lima Softening 10.6-11.3 0.15 98+ 46 

Lima/Filter 7-9 0.05 47 

Lima 9.5 15 0.1 45 

Lima 9.5 3.2 <0.1 45 

Ferrite coprecipitation/ 25 0.01 5 
Filter 

Ferric sulfate 6.5-9.3 98+ 46 

Ferric sulfate/Filter 5.0 0.05 99 41 

Chrc:mi.um VI 

Activated carlxn 3.0 10 1.5 85 48 
(pulverized, Pitts-
burgh type RC) 

same as above 2.0 10 0.4 96 48 

Activated car0on 6.0 3 0.05 98 41 
(granular) 

Ferrite coprecipitation 0.5 not 5 
detectable 

SUlfur dioxide reduction 0.01-0.1 9,10 

Bisulfite reduction 0.05-1.0 9,10 
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TABLE 8-5. WASTE WATER TREA'IMENT OPI'IONS AND PERFORIY"..ANCE DATA SUMMARY -
LEAD REMOVAL 

Treatirent Technology pH Initial Final Rerroval References 
Concen- Concen- (%) 
tration tration 

(mg/1) (mg/1) 

Lime (260 mg/1) 10.0 5.0 0.25 95.0 41 

Litre/filter 8.5-9.0 189 0.1 99.9 5 

Lime (260 mg/1)/Filter 10.0 5.0 0.075 98.5 41 

Litre (600 mg/1) /Filter 11.5 5.0 0.10 98.0 41 

Ferrous sulfate/Filter 6.0 5.0 0.075 98.5 41 

SOdium hydroxide (1 hour 5.5 1.6 10 
settling) 

SOdium hydroxide (24 hour 7.0 0.04 10 
settling) 

SOdium hydroxide/Filter 10.5 1700 0.60 99+ 49 

SOdium carbonate/Filter 10.1 1260 0.60 99+ 49 

SOdium carbonate/Filter 6.4-8.7 10.2-70.0 0.2-3.6 82-99+ 10 

SOdium carbonate/Filter 9.0-9.5 5.0 0.01-0.03 99+ 9,10 

Ferrous sulfide (Sulfex) 8.5-9.0 189 0.1 99.9 8 

Ferrite coprecipitation/ 480 0.01-0.05 99.9 5 
Filter 
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TABLE 8-6. WASTE WATER 'I'REA.'IMENT OPTIONS AND PERFORMANCE DATA SUMMARY -
MERCURY II REMOVAL 

Treatment Technology pH Initial Final Removal References 
Concen- Concen- (%) 
tration tration 
(mg/1) (mg/1) 

Sulfide 0.3-50.0 0.01-0.12 9,10 

Sulfide 10.0 10.0 1.8 96.4 50 

Sulfide/Filter 5.5 16.0 0.04 99 50 

Sulfide/Filter 4.0 36.0 0.06 99.8 50 

Sulfide/Filter 5.8-8.0 0.3-6.0 0.01-0.125 87-99.2 50 

Ferrite coprecipitation/ ,6.0-7.4 0.001-0.005 .99.9 5 
Filter 

Activated Carbon 0.01-0.05 <0.0005 9,10 

Activated Carbon/Alum 0.02-0.03 0.009 46 

Activated Carbon 0.06-0.09 0.006 50 
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TABLE 8-7. WASTE WATER TREATMENT OPI'IONS AND PERFORMANCE DATA SUMMARY -
NICKEL REMJVAL 

Treatment Technology pH Initial Final Rerroval References 
Concen- Concen- (%) 
tration tration 

(mg/1) (mg/1) 

Lime 8.5-9.0 75 1.5 98 8 

L:ime (260 mg/1) /Filter 10.0 5.0 0.3 94 41 

L:ime (600 mg/1) /Filter 11.5 5.0 0.15 97 41 

caustic Soda/Filter 11.0 0.3 49 

Ferrous sulfide (Sulfex) 8.5-9.0 75 0.05 99.9 8,11 

Ferrite coprecipitation 1000 0.20 99.9 5 
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TABLE 8-8. WASTE WATER TREA'IMENT OPI'IONS AND PERFORr:..mNCE DATA SUMMARY -
SIINER REMOVAL 

Treatment Technology pH Initial Fihal Rerroval References 
Concen- Concen- (%) 
tration tration 

(mg/1) (mg/1) 

Sodium hydroxide 9._0 54 15 72 13 

Ferric sulfate (30 mg/1) 6-9 0.15 0.03-0.04 72-83 46 

Lime Softening 9.0-11.5 0.15 0.01-0.03 80-93 46 

Chloride precipitation 105-250 1.0-3.5 97+ ~,10 
(alkaline chlorination 
in the presence of 
cyanide) 

Ferric chloride/Filter 6.2 0.5 0.04 98.2 40 

Sulfide precipitation 5-11 very high 9,10 
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TABLE 8-9. WASTE WATER TREA'IMENT OPI'IONS AND PERFORMANCE DATA SUMMARY -
SELENIUM AND THALLIUM REMOVAL 

Trea'bnent Technology pH Initial F.inal Removal References 
Concen- Concen- (%) 
tration tration 

(rrg/1) (mg/1) 

Selenium 

Ferric chloride/Filter 6.2 0.1 0.03 75 40 

Ferric chloride/Filter 6.2 0.05 0.01 80 40 

Alum/Filter 6.4 0.5 0.26 48 40 

Ferric sulfate 5.5 0.10 0.02 82 51 

Ferric sulfate 7.0 0.10 0.03 75 51 

Line/Filter 11.5 0.5 0.3 35 40 

Line/Filter 11.5 0.06 0.04 38 40 

'lhallium 

Line/Filter 11.5 0.5 0.2 60 40 

Ferric chloride/Filter 6.2 0.6 0.4 30 40 

Alum/Filter 6.4 0.6 0.4 31 40 
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-TABLE 8-10. WAsTE WATER TREA'IMENT OPTIONS AND PERFORMANCE DATA SUMMARY -
ZINC REMOVAL 

Treatment Technology pH :tnitial Final Removal References 
Concen- Concen- (%) 
tration tration 
(rrg/1) {mg/1) 

Lime/Filter 8.5-9.0 3.6 0.25 93 8 

Lime (260 ffid/l) 10.0 5.0 0.85 83 41 

Lime (260 mg/1)/Filter 10.0 5.0 o. 80 84 41 

Lime ( 600 ffid/1) 11.5 5.0 0.35 93 41 
• 

Lime ( 600 rrg/1) /Filter 11.5 5.0 1.2 77 41 

Lime/Filter 16 0.02-0.23 5 

Sodium hydroxide 9.0 33 1.0 97 13 

Sulfide 42 1.2 97 5 

Ferrous sulfide (Sulfex) 8.5-9.0 3.6 0.02 99+ 8,11 

Ferrite ooprecipitation 18 0.02 99+ 5 
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The third step involves the consideration "of treatment 
system variables under full-scale operating conditions in 
industrial situations where the design objective would be the 
simultaneous removal of several waste load constituents. Each 
industry designs for maximum removal and/or recovery of the 
major process-related waste substances and utilizes an 
appropriate technology which is both reliable and cost 
effective. Optimum treatment conditions for the removal of a 
particular pollutant. can rarely be achieved consistently and any 
given set of conditions will be somewhat less than optimum for 
most, if not all, of the treatable constituents. In any well
operated production facility the normal variations in production 
rates, raw material quality, the desired product mix in some 
cases, and contact water use requirements may cause severe 
hydraulic and pollutant load input excursions which at best can 
be moderated by effective equalization in the treatment system. 
This is considerably less of a problem in batch treatment than 
with a continuously operating system. The latter requires 
continuous feedback monitoring for pH control and chemical 
dosage in order to maintain the effluent quality within 
acceptable limits for a number of parameters. Under these 
conditions, the 30-day averages derived from the actual treated 
effluent monitoring data {NPDES, etc.) would equate to what has 
been identified in Step 3 above as the estimated 30-day 
achievable performance using the same general treatment 
technology. 

A statistical evaluation of long-term monitoring data is 
described below and the results ar·e presented in Appendix A 
where various derivative quantities such as long-term averages 
and standard deviations are tabulated and the bases for 
formulating the variability factors applicable to each 
subcategory are explained in detail. 

For each nonexcluded subcategory, a step by step 
presentation of the logic used to develop effluent limitations 
is given, based on performance estimates for 30-day average 
concentrations for specific pollutants. When available, these 
concentrations are based on industry monitoring data. When 
long-term data are not available from industry, as is the case 
with most toxic pQllutants, achievable concentrations are based 
on the treatability of these pollutants as discussed in Section 
8 and summarized in Table 8-11. 

Variability factors applied to these concentrations for the 
development of monthly average and daily maximum limitations 
are based on statistical analysis of long-term data as presented 
below and in Appendix A. In many cases, due to the limited 
amount of long-term data available, variability factors observed 
in one subcategory are applied in other subcategories where 
similar treatment technologies are practiced. 
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TABLE 8-11. ESTIMATED ACHIEVABLE MAXIMUM 30-DAY AVERAGES FOR THE APPLIED TEX:liNOLOGIES 

Final Concentrations (rng/1) 
Ferrite 

Line Lime Sulfide Coprecip- Soda Ash Soda Ash Alum 
Settl.ing Filter Filter itation Settl.ing Filter 

Filter 

Antimony, Sb 0.8-1.5 0.4-0.8 

Arsenic V 0.5-1.0 0.5-1.0 0.05-0.1 

Beryllium, Be 0.1-0.5 0.01-0.1 

Cadmium, Cd 0.1-0.5 0.05-0.1 0.01-0.1 <0.05 

I-' Copper, cu 0.5-1.0 0.4-0.7 0.05-0.5 <0.05 I-' 
U1 

Chranium III, 0.1-0.5" 0.05-0.5 0.01 
er+3 

Lead, Pb 0. 3-1.6 0.05-0.6 0.05-0.4 0.20 0.4-0.8 0.1-0.6 

Mercury II, 0.01-0.05 <0.01 
Hg 

Nickel, Ni 0 .2-1. 5 0.1-0.5 0.05-0.5 

Silver, Ag 0.4-0.8 0.2-0.4 0.05-0.2 

Selenium, Se 0.2-1.0 0.1-0.5 

Thallium, Tl 0.2-1.0 0.1-0.5 0.2-0.5 

Z.inc, Zn 0. 5-l. 5 0. 4-1.2 0.02-1.2 0.02-0.5 

( cont.inued) 



1-' 
1-' 
m 

TABlE 8-11 cont.inued 

Arsenic V, As 

Chranium VI, 
cr+6 . 

M3rcury II, 
Hg 

Silver, Ag 

Selenium, Se 

Thallium, Tl 

Cyanide (Free) , 
CNA 

Ferric 
Chloride 

0.05-0.5 

0.05-0.1 

0.05-0.1 

0.7 

Final Concentrations (mg/1) 
Activated 802 Bisulfite 

carbon Reduction Reduction 

0.3 

0.1 0.01-0.1 0.05-0.5 

0.01 

Lime/FeC12 
Filter 

0.02-0.1 

Alkal.ine 
Chlori
nation 

0.1-0.5 



8.2 THE USE OF HISTORICAL POLLUTANT DATA 

8.2.1 Determination of Limitation Guidelines Based ~ 
Historical Performance 

In cases where there has been long-term monitoring of the 
pollution levels in the effluent stream discharged by a plant, 
it is possible to assess in-plant treatment performance through 
analysis of historical data that has been collected for this 
purpose. The appropriateness of standards constructed from data 
collected from a single plant performance is, of course, 
dependent on the plant's current performance in relation to the 
performance of other plants in the manufacturing subcategory. 
As economically feasible alternative waste treatment 
technologies become available, pollutant discharge guidelines 
need to be reviewed and revised to'refl~ct these advances. 

Statistical analysis of historical monitoring data is 
required to assess a plant's ability to discharge within set 
guidelines. To perform this analysis certain assumptions must 
be made regarding the nature of applicable statistical or 
probabilistic models, the constancy of the operation of the 
treatment facility, and the quality of the monitoring methods. 

The statistical analyses contained in this development 
document belong to either of two principal types: those for 
daily observations of pollutant concentrations, and the others 
for 30-day average pollutant levels. 

Tables in Appendix A provide a summary of traditional 
descriptive measures, i.e., number of observations (No), 
mimima(Min), arithmetic average(Avg), maxima(Max), and 
coefficient of variation(CV). In addition, a descriptive 
statistic, the variability factor, pertinent to the development 
of performance standards for pollution monitoring, is included. 
These tables, prepared for both daily measurements as well as 
30-day averages, are statistical summaries derived from data 
offered by industry in response to Section 308 Questionnaires. 
Data .in these tables are representative of currently achieved 
pollutant discharge performance levels in the several plants 
presented. 

Formulation of variability factors to be used in 
determination of limitation guidelines based upon historical 
performance was accomplished by employing standard statistical 
analysis of the data resulting from long-term moni taring of 
effluent stream discharges ·of plants in the inorganic chemical 
manufacturing subcategory. In the following paragraphs are 
presented details of the theory and derivation of these 
statistical procedures, and of the resulting formulae which 
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relate variability factors to estimated long-term parameter 
averages, standard deviations, coefficients of variation, and 
"Z-values" computed from the normal probability distribution. 
These details are given both for the analysis applying to daily 
maxima criterion and for that applying to 30-day averages. 

The term "variability factor" is used in referring to the 
multiple of the long-term average which is used in formulating 
performance standards. This factor allows for variation in 
pollution level measurements due to sampling error, measurement 
error, fluctuations in the amount of the pollutant in raw 
materials, and other process variations. 

In the recording of actual data, as reported by industrial 
point sources in their responses to 308 Questionnaires, certain 
data values were entered as 11 less than 11 detectabili ty limits. 
In these cases, the sample of monitoring data has been 
11 censored11 in the process of data recording since only the 
threshold value has been retained (i.e., if a pollutant 
concentration was reported as <0.050 mg/1, the values of 0.050 
mg/1 was used). In the statistical analysis of monitoring data, 
censored values were included with measured values in the 
sample. This practice provides a reasonable approach, both for 
assessing industry's capability to perform and environmental 
concerns for valid pollutant limitations. 

First, since censoring was done only for 11 less than" 
bounds, any bias from their inclusion would cause a slight 
increase in the long-term average, moderately affecting (in the 
direction on leniency toward industry) the estimate of long-term 
average pollution levels. 

On the ,other hand, the use of censored values combined with 
measured values tends to reduce the variability slightly (or in 
the direction of less leniency toward industrial point sources). 
For illustration, if the sample consisted solely of censored 
values, the estimated long-term average might be shightly 
overstated. Nevertheless, the point source ought have no 
difficulty with the threshold or detectability limit as a 
performance guideline, since none of the historical data 
exceeded that limit. 

8.2.2 Assumptions Concerning Daily Pollutant Level Measurements 

In the formulation and calculation of the following 
performance standards, individual sample measurements of 
pollutant levels were assumed to follow the lognormal 
distribution, a well known and generally accepted statistical 
probability model used in pollution analyses. Under this 
assumption the logarithms of these measurements follow a normal 
probability model. It was also assumed that monitoring at a 
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given plant was conducted responsibly and in such a way that 
resulting measurements can be considered statistically 
independent and amenable to standard statistical procedures. A 
final assumption was that. treatment facilities and monitoring 
techniques had remained substantially constant throughout the 
monitoring period. 

As an indication of the appropriateness of this assumption, 
the following plot of the cumulative distribution of daily 
pollution concentration logarithms on normal probability paper 
is illustrated in Figure 8-1. 

The linearity of the cumulative plot indicates the degree 
to which actual monitoring data are in agreement with the 
theoretical lognormal model for their distribution. 

, In addition, Figure 8-2, reproduced here from ,a report 
prepared by industry for consideration by EPA, also demonstrates 
the validity of the lognormal assumption for daily data. 

In the analysis of daily data, the inherent variability of 
measured pollutant levels in the effluent stream from inorganic 
chemical manufacturing processes must be incorporated in 
calculating upper limits for daily pollutant discharge levels. 
Even well treated and controlled plants may experience some days 
when an atypically high level of pollutant discharge is present 
in their waste stream. Such high variations may be due to a 
variety of factors, such as short-term maladjustments in 
treatment facilities, variation in flow or pollutant load, or 
changes in the influent stream. To allow for this variability, 
performance standards must necessarily be set above the plant's 
long-term average performance and occasional, infrequent 
excessive discharges permitted. Since pollutant discharge is 
often expressed in terms of average level, it is convenient to 
describe standards of performance and allow variability in term 
of multiples of this average. Such a method of computing 
standards as functions of multiples of average level performance 
is explained below. The ratio of the pollutant standard level 
to the estimated long-term average is commonly called the 
"variability factor". 

This factor is especially useful with lognormally 
distributed pollutant levels because its value is independent of 

-the long-term average, depending only upon the .day-to-day 
variability of the process and the expected number of excessive 
discharge periods. For a lognormal population, the variability 
factor (P/A) , the performance standard P, and the long-term 
average A, are related by: 

'-l·n(P/A) = S' (Z - S'/2) 
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where 

1. "lnn represents the natural logarithm (base e) of a 
numerical quantity. 

2. S' is the estimated standard deviation of the 
logarithms of pollutant level measurements. In the 
calculations which follow, s' is computed by the statistical 
procedure known as the nmethod of momentsn. 

3. Z is a factor derived from the standard normal 
distribution. Z is chosen to give performance limitations which 
provide a balance between appropriate consideration of day to 
day variation in a properly operating plant and the necessity to 
insure that a plant is functioning properly. 

The value of Z used for determining performance standards 
for daily measurements of pollutant concentration is chosen as 
Z=2.33. This z-value corresponds to the 99th percentile of the 
lognormal distribution meaning that only 1 percent of the 
pollutant observations taken from a plant with proper operation 
of treatment facilities would be greater than the performance 
standard, P. This percentile is equivalent to allowing a plant 
in normal operation 3 to 4 exceedances per year. 

Calculation of Variability Factors 

As mentioned above, development of variability factors for 
daily pollution level measurements was based on the assumption 
that these data, (Xl,X2, ••• Xn), follow a lognormal distribution. 
When this distribution is not a precise model, lognormally based 
procedures tend to somewhat overestimate variability and produce 
liberal standards which act to the benefit of permittees. 

Following this assumption, if· Yi=ln(Xi), where ln(Xi) 
represents the natural logarithm or log base e of the pollution 
measurement, then the Yi; i=l,2, ••• ,n are each normally 
distributed. If A' and S' are the mean.and standard deviation 
of Y=ln(X) respectively, then the probability is k percent that 
an individual Y will not exceed A' +ZS' , where z is the k-th 
percentile of the standard normal distribution, e.g. Z=2.33 is 
the 99-th percentile of the standard normal distribution. It 
follows that A'+ZS' is the natural logarithm of the k-th 
percentile of X and that the probability is k percent that X 
will not exceed a performance standard P= exp(A'+ZS'). It is 
also known that the average value of X is A= exp(A'+S' (S'/2)). 
The variability factor VF, is obtained by dividing P by A, 
hence, 

VF = P/A = exp(S' (Z- S'/2 )), and 

ln(VF) = ln(P/A) = S' (Z - S'/2) 
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To estimate the VF for a particular set of monitoring data, 
where the method of moments is used, S 1 is calculated as the 
square root of ln(l.O + (CV) 2 ), where the sample· coefficient of 
variation, CV = S/X, is the ratio of sample standard deviation 
to sample average. 

Example Calculation of Variability Factors From Long-Term Data 

Given the following descriptive statistics for a particular 
parameter, as might be found for lead (mg/l)in Appendix A. 

No 

128 

Min 

0.002 

Avg 

0.068 

Max cv 

0.100 0.609 

Calculate the estimated standard deviation of logarithms 

(8 1
)

2 = ln (1.0 + 0.609 2) = 0.315 

S I = 0 o 56 

Then 

ln(P/A) = 0.56(2.33- 0.56/2) = 1.148 

The variability Factor VF is, 

VF = P/A = exp{l.l48) = 3.15 

The performance standard P; 
t' 

P = A(VF) = A(P/A) = (0.068) (3.15) = 0.214 

The statistical distributions relevant for the analysis of 
daily data are shown in Figure 8-3. 

The statistical interpretation of P, the performance 
standard, is that one estimates that 99 percent (for the 
selected Z=2.33 value corresponding to the 99-th percentile) of 
the daily pollution level measurements will not exceed P. For 
large data sets, P is roughly equivalent to an upper 99 percent 
confidence bound for an individual daily measurement. 

8 .2.3 Assumptions Concerning 30-Day Average Pollutant: Level 
Observation 

While individual pollution level measurements should be 
assumed lognormally distributed, that assumption is not 
appropriate when analyzing 30-day averages. These averages 
generally are not distributed as lognormal quantities. However, 
for averages of daily (lognormal) measurements, a statistical 
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Figure 8-3. Statistical distribution for daily :r:ollution measurements. 
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principle, the "Central Limit Theorem", provides the basis for 
using the normal probability model. Therefore, the methoqs used 
in computing historical performance characteristics for 30-day 
averages differ from those used for daily samples. In this 
case, the sample coefficient of variation is the primary 
determinant of the variability factor, and there is no need to 
resort to logarithmic transformation. Examples of the 
appropriateness of this assumption is the cumulative 
distribution of 30-day averages shown in Figures 8-4 and 8-5. A 
straight line plot here on normal probability paper indicates 
validity of this model. 

Under these conditions, the 30-day average values (Xl, X2, . 
Xm) , for m months behave approximately as random data from 

a normal distribution with mean A and standard deviation S". 
Therefore, the probability is k percent that a monthly average X 
will not exceed the performance standard P, where 

P = A + Z (S") 

The variability factor is 

VF = P/A = 1.0 + Z(S"/A) and will be estimated by 

VF = 1.0 + Z(CV) 

Where 

1. z is a factor derived form the standard normal 
distriqution. If one wishes a performance standard based upon 
expecting 95 percent of monthly averages to be within 
guidelines, then Z=l.64 should be used. 

2. CV is the estimated coefficient of variation of the 30-
day averages and is computed by Sx/X, the ratio of standard 
error of sample means to overall or grand average of monthly 
.averages. 

Calculation of Variability Factors 

A sample calculation of 30-day average variablilty factor 
is shown below. The descriptive statistical data ·is for zinc 
(mg/1) from Appendix A. 

No Min Avg 

30 0.010 0.151 

Max 

0.815 

cv 
1.03 

VF = 1 + Z(CV) = 1.0 + 1.64(1.03) = 2.69 

P = A (VF) = ( 0 .151) ( 2 • 6 9 ) = 0 • 4 0 6 
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Given the previous descriptive statistics for a particular 
sample, one obtains the performance standard P, by multiplying 
the mean of the 30-day averages in the data set by VF. An 
appropriate statistical interpretation· is that, for the 
selected value of Z=l.64 corresponding to the 95th percentile of 
a normal distribution, one estimates that 95 percent·of the 30-
day average pollution level measurements will not exceed P. 

Figure 8-6 shows the relationship between the normal 
probability model and frequency distribution of set of 30-day 
averages. 
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NORMAL DISTRIBUTION 

(MODEL DENSITY OF 3 0-DAY AVERAGE FOLLUTION MEASUREMENTS) 

95% 

(Performance Standard) 

A (long Term Average) 

SAMPLE DISTRIBUTION OF M MONTHLY AVERAGES 
(LONG TERM .MJNITORING DATA) 

X(mg/1) 

X (Average of 30-Day Averages) 

Note: (a) P/A = l+l.64(CV) 

cv = sx ;x 
(Sx)

2
=(E (X-X)/(M-1)) 

X=E X/M 

Figure 8-6. Statistical distributions for 30-day average p:>llution measurements. 
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SECTION 9 

TREATMENT TECHNOLOGY APPLICATIONS 

FOR TOXIC POLLUTANT REMOVAL 

9.1 SELECTION OF POLLUTANTS TO BE CONTROLLED 

In order to determine which toxic pollutants, if any, may 
require effluent limitations, the pollutants observed in each 
subcategory were evaluated with regard to their treatability and 
potential environmental signific'ance on the basis of the raw 
waste concentrations and mass loadings found during screening 
and ver,if ication. In an attempt to prioritize the need for 
regulation the toxic metals were divided into -two groups: 

Group 1 - Those metals which appear at concentration levels 
that are readily treatable using available 
technology and which have environmentally 
significant mass emission rates. ~ 

Group 2 - Potentially significant metals observed in the 
subcategory. These include toxi_c metals which 
exist at concentrations below the minimum 
treatability limit and above the minimum 
detection level. 

Table 9-1 presents the significant toxic pollutant metals 
found in each group. In general, those metals occurring in the 
first group are of prime 'concern and may require regulation, 
while those occurring in the second group are of somewhat less 
concern and are not expected to require regulation. 

9.2 APPLICATION OF ADVANCE LEVEL TREATMENT AND CONTROL 
ALTERNATIVES 

~ 

9.2.1 General Design Objectives 

and 
Beginning with Section 11 of this document, 
appli~ation of toxic pollutant treatment 
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TABLE 9-1. PRIORITIZATICN OF TOXIC METALS FOUND lN FAai SUBCATEGORY 

Chlorme-diaJ;fu:a.gm cell 

Chlorine-Irercw:y cell 

Hydrofluoric Acid 

Titanium Dioxide -
Chloride Precess 

Titanium Dl.oxide -
Sulfate Process 
and 
Chloride Illrenite Process 

Group 1 (ll 

Chromium 
Copper 
I.ead 
Nickel 
Zinc 

Arsenic 
cadmium 
Copper 
Iead 
Mercury 
Nickel 
silver 
Zinc 

Antim:my 
Chranium 
eower 
Iead 
Nickel 
Zinc 

Chromium 

Antilrony 
Arsenic 
cadmium 
Chranium 
Copper 
I.ead 
Nickel 
Zinc 

Gl:oup 2 (2) 

Antilrony 
Arsenic 
cadmium 
M:!rCury 
Selenium 
'!ballium 

Antilrony 
Chranium 
'!ballium 

Arsenic 
Cadmium 
Mercury 
Selenium 
'nlallium 

Iead 
Nickel 
Zinc 

Selenium 
'nlallium 

(1) Gl:oup 1 - dominant raw waste pollutants selected as control paraneters 
for the proposed effluent lllllitations. 

(2~ Gl:oup 2 - secondal:y raw waste pollutants found less freql.lSntly and at 
1~ concentrations. These pollutants have not been selected 
as control paraneters but are expected to receive adequate 
treatrrent as a result of the proposed effluent limitations oo 
the Group 1 pollutants. 

(continued) 
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TABLE 9-1 - contJ.nued 

SUBCATEXDRY Group 1 Group 2 

All.lllUilum Fluoride Copper Arseru.c 
Nickel Caclnu.um 

Clt'Oltll.um 
Mercury 
Zinc 

ClrOire Pigments Antilrony Cyanide 
ca&nium Mercury 
Chranium 
Cyanide 
read 
N~cke1 
Zmc 

Hydrogen Cyanl.de Cyanide 

Sodium D~chratate Chranium Copper 
N~ckel Selenium 
Zmc Silver 

Copper Sulfate Antim::ny 
Arsenic 
Caclnu.um 
Clt'O!tll.urn 
Copper 
Lead 
Nickel 
Selenium 
Zinc 

Nickel SUlfate Ant:i.m:my Ars~c 

Chromium Cadmium 
Copper Mercury 
Lead Selen~um 
Nickel Thallium 
Zinc 

Sodium Bisulfite Chranium AntJ.nony 
Copper cadmium 
Lead Mercury 
Nickel 
Zinc 

SOdium Hydrosulf~te Chromium Copper 
Fo:t:mate Process Lead Pentachlorophenol 

N~ckel Phenol 
Zmc 
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technology for model plant systems for each of the subcategories 
proposed for regulation are described. Several levels of 
treatment are proposed. Level 1 represents existing BPT 
treatment systems and the advanced levels (Level 2, 3, etc.) are 
the selected technologies for step-wise improvements in toxic 
pollutant removal over that achieved by the BPT system. Flow 
diagrams show BPT components as a starting point for advanced 
level treatment additions and incremental cost estimates. 

For both existing and new sources, the advanced level 
technology options are selected as candidates for BAT with toxic 
pollutant removal as the primary objective. Although the 
advanced l'evel systems chosen also give improved performance 
over the Level 1 (BPT) systems for the removal of conventional 
and nonconventional pollutants, this is regarded as a secondary 
design objective. 

9 .2.2. Pretreatment Technology 

Since untreated heavy metal ions will usually pass through the 
treatment provided in a typical POTW, or will be precipitated 
with the POTW solid residue, pretreatment of wastes containing 
significant amounts of heavy metals is necessary. As a general 
rule, alkaline precipitation, followed by settling and removal 
of the solids will suffice. In certain subcategories, such as 
the chlorine industry, specific treatment will be required for 
highly critical constituents (mercury, lead, chlorinated 
organics and asbestos). Normally the Level 2 model treatment 
processes shown in the following subsections will be appropriate 
for pretreatment prior to discharge to a POTW. 

9.2.3 New Source Performance Standards 

~ew Source Performance Standards are at least equal to BAT. 
In a few cases where new plants have the opportunity to design 
systems for better toxic removal performance without expensive 
retrofitting the higher technology systems have been used as a 
basis. 

9.3 ESTIMATED ACHIEVABLE PERFORMANCE CHARACTERISTICS FOR 
ADVANCED LEVEL APPLICATIONS 

Advanced level control and treatment alternatives for 
reduction of pollutant discharges and their applicability to 
each subcategory are presented in the sections dealing with 
individual products. With few exceptions, these alternatives 
were selected specifically for removal of priority pollutants 
and were des-igned for end-of-pipe treatment. 
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Treatment technologies practiced outside the industry are 
recommended when appropriate and, in most cases, apply to the 
removal of toxic pollutant metals. The estimated 30-day average 
treatability levels ·(Sections 8, Table 8-11), long-term data 
parameters, and the screening and verification results are all 
utilized in the development of estimated performance 
characteristics for the recommended treatment applications in 
each subcategory. 

9.3.1 Advanced Level Removal of BPT Pollutants 

Performance estimates for these systems, when possible, were 
based on effluent quality achieved at plants currently 
practicing these technologies. However, in most cases, the 
advanced levels are not currently being practiced within the 
specific subcategory of concern, and performance information 
from other appropriate sources is necessarily utilized. 

When established waste water treatment practices, such as 
clarification or filtration, form a part of advanced treatment 
alternatives, the specified achievable effluent quality has been 
based on concentrations accepted as achievable through proper 
design and control. The prime example of this is suspended 
solids reduction by filtration. 

9.3.2 Advanced Level Removal of Toxic Pollutants 

Performance estimates for toxic pollutants were also based, 
when possible, on effluent quality achieved at plants currently 
practicing these technologies. However, in most subcategories, 
toxic pollutant analyses are not conducted unless a specific 

·pollutant is regulated and requires monitoring. Where transfer 
of technology is applied as a treatment alternative, performance 
estimates for toxic pollutant removals were based on the 
demonstrated performances in other industries while 
incorporating allowances for specific differences in process 
waste characteristics and operating conditions. Statistically 
derived long-term monitoring data parameters were described in 
Section 8 and are compiled in tabular form in Appendix A. The 
scree,ning and verification data are used· to supplement the 
available long-term data applied to each subcategory. A 
judgment is made whether the screening and verification data 
represent a well-performing system or one which is not 
performing at its technological potential. For a 
well-performing system, the data are regarded as representative 
of 30-day averages and are compared with the estimated 
treatability ranges from Table 8-11, as well as the 30-day 
averages developed from the long-term data. In this manner, the 
performance estimates for each pollutant, at each treatment 
level for the nonexcluded subcategories, are developed and 

135 



presented in tabular summaries. By starting with the estimated 
achievable 30-day averages, the specific variability factor 
ratio derived for each pollutant is used to estimate the daily 
maximum values. 

The model plant waste flow per unit of production is then 
taken to calculate the estimated mass emission values of the 30-
day average and daily maximum limits for each pollutant to be 
controlled. 

9. 4 POLLUTION CONTROL PARAMETERS TO BE REGULATED 

9.4.1 Conventional Pollutants 

Waste water quality parameters which are identified as 
conventional pollutants include the following: 

pH 
Total Suspended Solids (TSS} 
Biochemical Oxygen Demand, 5-Day (BOD-5} 
Fecal Coliform 
Oil and Grease 

Only the first two parameters (pH and TSS} in this group 
have been selected for regulation in the Inorganic Chemicals 
Manufacturing Point Source Category. For direct dischargers, 
the pH range of 6 to 9 has been established as the general 
control limitation and the permissible frequency and duration of 
excursi,ons beyond this range is to be specified in individual 
plant discharge permits. The limitations on TSS are specified 
for both BPCTCA and BATEA-based regulations, the former being 
largely a function of industry performance and the latter 
stemming from treatability estimates with the appropriate 
technologies. 

9.4.2 Nonconventiona1 Pollutants 

The waste water quality parameters classified as 
nonconventional pollutants include the nontoxic metals ,such as 
Al, B, Ba, and Fe along with chemical oxygen demand (COD}, total 
residual chlorine, fluoride, ammonia, nitrate, and "phenols," 
etc. Of these, only Fe, COD, total residual chlorine, fluoride, 
and ammonia are considered for regulation in the inorganic 
chemicals industry. Due to its toxicity, chlorine would be 
controlled in direct discharges, but would be excluded from 
control in pretreatment regulations. A similar argument is made 
for the control of ammonia. However, since many POTW's are only 
capable of about 20 percent ammonia removal, both direct 
discharge and pretreatment regulations would specify NH3 
limitations. Similarly, the type of COD found in inorganic 
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chemical industry discharges is not amenable to biochemical 
oxidation in a POTW. In addition, compounds which contribute to 
the COD are likely to create odor and corrosion problems in 
sewer systems. Therefore, its control would also be retained in 
pretreatment regulations. Fluoride control is also required for 
both direct and indirect discharges largely because the most 
practical technology for fluoride removal {precipitation as 
CaF2) must be applied to relatively concentrated waste water 
sources. This treatment method achieves removal levels which at 
best are still unacceptable for direct municipal or agricultural 
water uses. POTW's are not effective for fluoride removal and 
unless sufficient dilution occurs prior to the reuse of the 
water, special techniques (e.g., adsorption on activated 
alumina) would have to be applied for further fluoride removal. 

9.4.3 Toxic Pollutants 

The toxic pollutants found at significant levels during 
screening and verification are listed by subcategory in Table 
9-1. Out of these, toxic pollutant control parameters were 
selected largely on the basis of treatability. Since several 
toxic pollutants may be controlled by a common treatment 
technology, it is possible to select one or more control 
parameters which will act as a surrogate for others exhibiting 
the same treatability characteristics. Treatment system 
operating conditions would normally be optimized for the removal 
of the specified control parameters which would be monitored on 
a regular basis. The other toxic pollutants would be monitored 
much less frequently as a periodic check of the effectiveness of 
surrogate control. 

The, following toxic pollutants have been designated as 
control parameters in this point source category: 

Cadmium 
Chromium (Total) 

- Copper 
Cyanide (amenable to chlorination) 
Lead 
Mercury 
Nickel 
Selenium 
Zinc 

The specific control parameters selected for each 
subcategory are presented in the tables entitled "Control 
Parameter Limitations" in· the sections of this report dealing 
with the individual industries. Some general comments about 
them are given here. 
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The most common technology applied in industry for the 
removal of chromium from waste waters involves a reduction step, 
whereby Cr (VI) in solution is converted to the less toxic Cr 
(III) form which can then be removed by alkaline precipitation. 

The efficiency of this treatment depends upon the presence of 
excess reducing agent and pH control to.drive the reduction step 
to completion. When treated effluent samples are taken to 
monitor residual Cr (VI) and total chromium levels, the 
analytical results for Cr (VI) are subject to several factors 
which adversely affect the accuracy and reproducibility of the 
diphenylcarbazide (DPC) colorometric method. The problem is not 
so much one of analytical interferences with the Cr (VI) - DPC 
color development, but rather the actual changes in Cr (VI) 
concentration that can take place during sampling, sample 
preservation and storage, and analysis. The major cause of such 
changes is the presence of excess reducing agent in the treated 
effluent. This tends to give false low readings for Cr (VI} 
although in some cases the opposite may occur as a result of 
sample preservation and storage under acidic oxidizing 
conditions. 

Thus, in view of the questionable reliability of the 
presently accepted Cr (VI) monitoring procedure, total chromium, 
Cr (T), is recommended as the control parameter to be used in 
the inorganic chemicals industry. The adequacy of Cr (T) as a 
control parameter is predicated on its effectiveness as a 
surrogate for Cr (VI) control. Since the concentration of Cr 
(T) represents the summation of all forms of chromium normally 
found in solution or suspension including Cr (VI), the final 
concentration of Cr (T} in a treated effluent is dependent on 
the effectiveness of both the reduction and the alkaline 
precipitation steps. In this way, the use of Cr (T) as the 
control parameter assures that adequate removal of Cr (VI) is 
being achieved as a direct consequence of the treatment 
technology required. 

Special consideration is given to the control of copper 
which may enter a POTW. At high enough concentrations, copper 
may impose toxicity effects on the microorganisms in a POTW and 
may accumulate in municipal sludges rendering them unusable for 
certain land applications. Thus, copper may be designated as a 
control parameter for pretreatment even though it may not be so 
designated for direct discharges. 
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SECTION 10 

COST OF TREATMENT AND CONTROL SYSTEMS 

10.1 INTRODUCTION 

10.1.1 Purpose of Cost Data 

More complex treatment methods and higher levels of 
pollutant removal are reflected in increased costs of 
equipment, energy, labor and chemicals. At some point, the 
increasing costs of treatment will outweigh the benefits of 
such treatment. Therefore, it is important that for each 
subcategory the Agency know the base cost and the incremental 
costs of each level of treatment which it might prescribe. 
These "options" of internal costs, which are the industry's 
annual costs of providing the necessary waste treatment, will 
result in related increases in product costs, which are termed 
external costs. Thus annual costs of waste treatment are 
expressed in terms of dollars per unit of annual production of 
the principal product. 

Because plant visits revealed very few treatment plants 
serving a single product manufacturing line, it was not feasible 
to seek actual waste treatment facilities which could serve 
as real models for estimating purposes. Accordingly·, the cost 
data were taken from similar construction projects by the 
contractor, and from unit process equipment costs assembled f"rom 
vendors and other commercial sources. Because the model costs 
apply to a wide range of climate, material sources and labor 
conditions, they should be considered as preliminary estimates 
within plus or minus 15 to 25 percent. 

Actual costs incurred by individual plants' may be more or 
less than the presented model plant costs. The major causes of 
variability are: 

1. Waste water treatment combined with the treatment of 
other product effluents. 

2. Site dependent conditions, as reflected 
lengths, climate, land availability, water 
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supply and the location of the points of final 
discharge and solids disposal. 

3. Material (reagent) costs, -due to variation in 
availability and distance from the source. 

The construction costs are based on the Engineering News 
Record Construction Index for July 1978 (ENRCI=2800), and other 
costs are expressed in mid-1978 dollars. 

10.1.2 General Approach 

Since few single product waste treatment plants were 
available for detailed study, the costs presented in this 
section are based on model plants which closely resemble the 
types and capacities of waste treatment facilities needed for 
each separate product subcategory. The model plant selections 
are based on review of Section 308 Questionnaire responses, 
plant visits, development documents, contacts with the 
industries to verify treatment practices and to obtain data on 
size, waste water flow, and solid waste disposal systems. 
Thus, each model is synthesized from actual data as a typical 
plant in its subcategory with a level of waste treatment 
equivalent to BPT. Variations in treatment plant capacity 
are accounted for by selecting sets of models which represent 
the range of existing production plant capacities in the 
subcategory; large, medium and small. Thus the model plants are 
not set up as exemplary plants, but as typical plants of 
adequate design which represent the range of plants and 
treatment facilities found in the subcategory. 

10.1.3 Cost References and Rationale 

Cost information contained in this report was obtained 
directly from industry, engineering firms, equipment suppliers 
and current experience of the contractor. Whenever possible, 
costs are based on actual industrial installations or 
engineering estimates for projected facilities as supplied by 
indus.tr ies consul ted during the study. In the absence of such 
information, cost estimates have been developed from either 
current costs for similar waste treatment installations at 
plants making other inorganic chemicals or from general cost 
estimates for specific treatment technologies. 

Treatment costs are based on model production plant 
characteristics which determine the treatment processes 
selected for each operation. Under set effluent limitations, 
treatment costs are primarili functions of the pollutant load 
(i.e., kg/kkg of product), waste water flow rate (i.e., cubic 
meters/da~). Available data indicate that both pollutant loads 
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and flow rates can vary significantly among plants manufacturing 
the same product. 

10.1.4 Definition of Levels of Treatment and Control 
Cost Development - - --

For the purpose of establishing the base level treatment 
costs, each industry is assumed to be practicing Best 
Practicable Control Technology Currently Available (BPT) , which 
the EPA Effluent L imitations Guidelines required by 1977 for 
certain pollutants (conventional and nonconventional, as well 
as some of the toxic pollutants) specified for each subcategory. 
The investment costs and annual costs of such BPT systems are 
shown in this report as the base level or Level 1. This level of 
treatment may also provide incidental removal of additional 
toxic pollutants not previously specified in the regulations. ' 

The advanced treatment levels (Level 2, Level 3, etc.) are 
aimed primarily at reduction of toxic pollutants to levels 
considered acceptable for July 1, 1984, performance, utilizing 
Best Available Technology Economically Achievable (BAT) at 
incremental investment and annual costs beyond those shown for 
Level 1. For example, for Level 3 treatment, the incremental 
cost as given in the table is directly added to base or J.st Level 
cost to obtain the total cost of the treatment system. The 
addition of the Level 2 incremental cost is not required to 
obtain the Level 3 total. The waste water treatment flow 
diagrams for Levels 2, 3, etc., as given in this report, 
include the flow diagram for base or Level l of treatment. 

10.1.5 Treatment and Disposal Rationale Applied to 
Cost Development 

The following assumptions are employed in the cost 
development: 

1. Noncontact cooling water generally is excluded from 
treatment (and treatment costs) provided that no 
pollutants are introduced. 

2. Water treatment, cooling tower and boiler blowdown 
discharges are not considered ,process waste water 
unless such flows contain significant amounts of 
pollutants. 

3. Sanitary sewage flow is excluded. 

4. The plants are assumed to operate 24-hours per day, 350 
days a year, except where otherwise noted. 

5. Manufacturing plants are assumed to be single product 
plants. 
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6. The inorganic chemical industry extensively uses in
plant control techniques such as in-process abatement 
measures, housekeeping practices, and recycling of 
process waste waters to recover.valuable materials or 
use these materials as feed for other by-products. 
Segregation of uncontaminated cooling and other waters 
prior to treatment and/or disposal, and othe·r similar 
measures can contribute to waste load reduction. All 
such costs have not been included in the cost 
estimates. 

7. Excluded from the estimates 
with permits, reports or 
regulatory agencies. 

10.1.6 Expression of Costs 

are any costs associated 
hearings required by 

Investment costs for Level 1 treatment systems are 
expressed in mid-1978 dollars to construct base level facilities 
for each single product manufacturing subcategory at various 
production rates. 

Similarly, operation, maintenance and amortization of the 
investment are expressed as base level annual costs for Level 
1 and as incremental annual costs for Level 2 and above. Where 
a single product plant produces more than one waste stream 
requiring treatment, the respective investment and annual costs 
are the combined costs of all treatment. 

Total annual costs per metric ton of product are shown in 
the summaries for each product subcategory. 

Direct Investment Costs for Land and Facilities 

Types of direct investment costs for waste treatment 
facilities and criteria for estimating major components of the 
model plants are contained in the following subsections: 

Construction costs Construction costs include site 
preparation, grading, enclosures, buildings, ·foundations, 
earthwork, roads, paving and concrete. 

The costs of constructing lagoons can vary widely, 
depending on local topographic and soil conditions. The 
required areas of lagoons and settling ponds and their 
consequent costs are developed as a function of volume 
(capacity). It is assumed that reasonably level sites are 
available, consisting of sandy loam with high clay content 
and no large rocks or rock formations. It is assumed that 
two rectangular lagoons are furnished in parallel, with one 
common dike to permit alternate dewatering for sludge removal by 
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the clamshell method. Using balanced cuts and fills, earth 
dikes with 2:1 slopes provide liquid depths from three to 
five meters. Earth moving costs are significantly affected 
by site conditions and quantities. To express these 
variations for a range of sizes at three depths, the cost of 
clearing, excavation, dewatering, compaction, finish grading, 
riprap and associated indirect expenses for earthen· lagoons 
were plotted against liquid volume. Piping, valving and dike 
roads not included are added separately in the cost summaries. 
Lagoons are unlined unless the contents are highly pollutional 
or, acidic. The liner material employed for impervious lagoons 
is Hypalon.. The installed cost of the liner is $11.00 per 
square meter {$9 .20 per square yard), which includes the 
trenching and backfilling necessary for anchoring the liner. 
In some subcategories, clay lining has been used in place of 
Hypalon at a cost of $5.40 per square meter ($0.50 per square 
foot). 

Costs of buildings may vary from $25.00 to $45.00 per 
square foot. For the purpose of this study, building cost is 
estimated at $377.00 per square meter ($35.00 per square foot). 

Concrete construction for_ miscellaneous work varies from 
$260.00 to $785.00 per cubic meter ($200. 00 to $600.00 per 
cubic yard). For foundations and flat slabs, concrete has 
been estimated at $395.00 per cubic meter {$300.00 per cubic 
yard) in place. Asphalt paving which has been used on lagoon 
dikes and for miscellaneous roads, is installed at a cost of 
$9.70 per square meter ($0. 90 per square foot) • A width ·of 
three meters is generally assumed. 

Equipment costs Depending upon the method of treatment, 
equipment for waste water treatment consists of a combination 
of items such as pumps, aerators, chemical feed systems, 
agitators, flocculant feed systems, tanks, clarifiers, 
thickeners, filters, etc. Cost tables for these items were 
develpped from vendors' quotations on a range of sizes, 
capacities and motor horsepowers. Except for large ?ize tanks 
and chemical storage bins, the cost represents packaged, 
factory-assembled units. Mechanical components are generally 
skid mounted, prepiped and prewired; and include associated 
pumps, me~ers- and instrumentation. Critical equipment is 
assumed to be installed in a weatherproof structure. Chemical 
storage, feeders and feedback equipment include such items as 
probes, instruments, controls, transmitters, valves, dust 
filters and accessories. Bulk- chemical storage bins are 
designed to hold a standard bulk truck _ load, plus 'five days 
needs, between ordering and delivery. Critical pumps are 
furnished in duplicate and when clarifiers are used, the flow is 
split between two units, permitting one to be bypassed for 
repairs. Single units are used for sm~ll flows, batch 
treatment and intermittent service. 
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Installation cost Installation is defined to include 
all services, activities, and miscellaneous material necessary 
to implement the described waste water treatment and control 
systems, including piping, fittings, and electrical work. Many 
factors can impact the cost of installing e~ipment modules. 
These include wage rates, manpower availabil1 ty, whether the 
job is performed by outside contractors or regular employees, 
new construction versus modification of existing systems, and 
site-dependent conditions (e.g., the availability of sufficient 
electrical service). In these estimates, installation costs 
were chosen for each application, based upon average site 
conditions and considering the complexity of the' system being 
installed. An appropriate cost is allowed for interconnecting 
piping, power circuits and controls. 

Monitoring equipment - In this report, it is assumed that 
monitoring equipment will be installed at the treated effluent 
discharge point. It will consist of an indicating, integrating 
and recording type flow meter, pH meter with sensor and 
recorder, alarms and controls and an automatic sampler. 

Land - Land availability and cost of land can vary 
significantly, depending upon geographical location, degree of 
urbanization and the nature of adjacent development. Land for 
waste treatment, and in some cases for inert solids disposal, 
is assumed to be contiguous with the production plant site 
and reasonably convenient to a waterway which can receive 
permitted discharges of waste water. Where inert solids are 
retained at the plant site, enough land is included in the base 
level' model plant investment cost to accept residual solids for 
a normal operating period of ten years at the same production 
rate for which the plant is sized. For the purpose of this 
report, land for lagoons, treatment facilities and on-site 
residual waste disposal is valued at $30,000 per hectare 
($12,000 per acre). 

Investment costs for supporting services - Engineeri.ng 
design and 1nspection are typical services necessary to bring a 
project from a concept to an operating system. Such services 
broadly include laboratory and pilot plant work to establish 
design parameters, site surveys to fix elevations and plant 
layout, foundation and groundwater investigations, and 
operating instructions; in addition to design plans, 
specifications and inspection during construction. These costs, 

• which vary with job conditions, are often estimated as 
percentages of construction cost, with typical ranges as 
follows: 

Preliminary survey and construction surveying 1 to 2% 

Soils and groundwater investigation 1 to 2% 
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L~boratory and pilot process work 

Engineering design and specifications 

Inspection during construction 

Operation and maintenance manual 

2 to 4% 

7 to 12% 

2 to 3% 

1 to 2% 

From these totals of 14 percent to 25 percent, a mid
value of 20 percent of in-place construction (installed 
equipment and construction) costs has been used in this study to 
represent the engineering and design costs applied to model 
plant cost estimates. 

The contractor's fee and contingency, usually expressed as 
a percentage of in-place construction costs, includes such 
general items as temporary utilities, small tools, dewatering, 
field office overhead and administrative expense. The 
contractor is entitled to a reasonable profit on his activities 
and to the cost of interest on capital tied up during 
construction. Although not all of the above costs will be 
incurred on every job, an additional 20 percent of the in-place 
construction costs has been used to cover related costs broadly 
described as contractor's fees, incidentals, overhead and 
contingencies. 

Operation and Maintenance Costs 

Annual operation and maintenace costs are described and 
calculated as follows: 

Labor and supervision costs - . Plant operations are assumed 
to be conducted 24-hours per day 350 days per year, with 
attendance for only part of each working day. For batch waste 
water treatments systems adjustment are made for the number of 
working days in a year. Personnel costs are based on an hourly 
rate of $20.00. This includes fringe benefits and an allocated 
portion of costs for management, administration and supervision. 

Personnel are assigned for specific activities as required 
by the complexity of the system, usually 4 to 12 hours per day. 

Energy costs - Energy (electricity) costs are based on the 
cost of $306.00 per horsepower operating 24 hours per day and 
350 days per year. For batch processes, appropriate adjustments 
are made to suit the production schedule. The cost per 
horsepower year is computed as follows: 

Cy= 1.1 (0.7457HP X Hr x Ckw)/fE X P) 1) 
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where 

Cy = Cost per year 

HP = Total horsepower rating of motor (1 hp = 0.7457 
kw) 

E = Efficiency factor (0.9) 

P = Power factor (1.00) 

Hr = Annual operating hours (350 x 24 = 8400) 

Ckw = Cost per kilowatt-hour of electricity ($0.040) 

Note: The 1.1 factor in equation (1) represents allowance 
for incidental energy used such as lighting, etc., 

It is assumed that no other forms of energy are used in the 
waste treatment system. 

Chemicals - Prices for the chemicals were obtained from 
vendors and the Chemical Marketing Reporter. Unit costs of 
common chemicals delivered to the plant site are based on 
commercial grade of the strengths or active ingredient 
percentages as follows: 

Hydrated Lime (Calcium Hyroxide) Bulk 
Bag 

Quicklime 

Ground Limestone 

Soda Ash (58% Bulk) 

Caustic Soda (58% NaOH) 

Sodium Sulfide (60-62%) . ' 
Sulfuric Acid 

Hydrochloric Acid (32%) 

A~uminum Sulfate (56% Alumina) 

Flocculant (Polymer) 

Sulfur Dioxide (Ton Containers) 
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Bulk 

$ 80/metric ton 
$ 85/metric ton 

$ 70/metric ton 

$ 13.20/metric ton 

$ 85/metric ton 

$200/metric ton 

$435/metric ton 

$ 75/metric ton 

$ 70/metric ton 

$250/metric ton 

$2.00/kg 

$335/metric ton 



Chlorine (ton Containers) $220/metric ton 

Sodium Bisulfide (72-74%) $385/metric ton 

Ferrous Sulfate $ 70/metric ton 

Diatomaceous Earth $ 0.30/kg 

Activated Carbon $ 2.00/kg 

Maintenance - The annual cost of maintenance is estimated 
as 10 percent of the investment cost, exluaing lana. 

Taxes ana insurance - An annual provision of three percent 
of the total investment cost has been included for taxes ana 
insurance. 

Residual waste disposal - Sludge disposal costs can vary 
widely. Chief cost determinants include the amount apa type of 
waste, ana the choice of either on-site disposal or contract 
hauling which depends on the size of the disposal operation and 
transport distances. Off-site hauling ana disposal costs are 
taken as $13.00 per cubic meter ($10.00 per cubic yard) for 
bulk hauling, with appropriate increases for small quantities in 
steel containers. For on-site disposal from lagoons, a 
clamshell at $600.00 and front end loader at $300.00 per 
disposal day are used. For very large sludge quantities, 
lower unit costs have been assumed. The compu tea sludge 
quantities are spread ~n lana valued at $12,000 per acre. 

Monitoring, analysis and · reporting The manpower 
requirements covered by the annual labor ana supervision costs 
include those activities associated with the operation ana 
maintenance of monitoring instruments, recorders, ana automatic 
samplers as well as the taking of periodic grab samples. 
Additional costs for analytical laboratory services have been 
estimated for each subcategory assuming that sampling takes 
place three times a week at the point of discharge ana that 
an analytical cost of $20.00 per constituent is incurred. 
Approximately 10 percent of the total analytical cost has been 
added for quality control and water supply samples. Unless 
otherwise stated, continuous discharge is assumed ana the 
analytical costs associated with compliance monitoring at the 
BPT level are based on the determination of four constituents. 
At the advanced (BAT) levels, the determination of six 
constituents is assumed. A reporting cost of $1,500 per year 
is aaaed for ·clerical support. Monitoring costs for per ioaic 
batch treatments are reduced in proportion to the number of 
days per year when discharges occur. 
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Amortization 

Annual depreciation and capital costs are computed as 
follows: 

CA = B~r(l+r)n /k(J+r)n -1 (2) 

where 

CA = Annual cost 

B = Initial amount invested excluding cost of land 

r = Annual interest rate (assumed 10%) 

n = Useful life in years 

The multiplier for B in equation (2) is often referred to 
as the capital recovery factor, and is 0.1627 for the assumed 
overall useful life of 10 years. No residual or salvage value 
is assumed. 

Items Not Included in Cost Estimates 

In some subcategories, a portion of the waste water is 
returned to process from an intermediate treatment step. In 
these cases, the costs of return piping and pumping are 
considered as water development and not as waste treatment. 
Costs for subsequent treatment are based on the remaining 
flow after diversion of the return-to-process flows. 

Although specific plants may encounter extremes of climate, 
flood hazard and availability of water, the costs of model 
plants have been estimated for average conditions of 
temperature, drainage and natural resources. It is assumed that 
any necessary site drainage, roads, water development, security, 
environmental studies and permit costs are already included 
in production facilities costs. Therefore, the model costs are 
only for facilities, supplies and services directly related to 
the treatment and disposal of waterborne wastes, including land 
needed for treatment and on-site sludge disposal. Air pollution 
control equipment required by the Clean Air Act is not included. 

Dust collectors normally associated with package 
treatment, chemical transfer and feeding systems are included. 
Raw wastes from various sources are assumed to be delivered to 
the treatment facility at sufficient head to fill the influent 
equalization basin, and final effluent is discharged by gravity. 
Costs of pumps, pipes lines etc., necessary to deliver raw 
waste water to the treatment plant or to deliver the treated 
effluent to the point of discharge are not included in the cost 
estimates. 

148 



Since the treatment models are designed to serve single 
product manufacturing plants, no emergency holding basins or 
internal bypasses are provided. Any such necessary facilities 
are more appropriately furnished as part of a combined waste 
treatment system serving several product lines. 

10.2 COST ESTIMATES FOR EACH SUBCATEGORY 

Estimated costs for the waste water treatment plants for 
the different annual productions and at various levels of 
treatment are calculated in terms of total annual costs. The 
total annual cost is the summation of the annual amortization 
of the investment costs and the annual operation and maintenance 
costs. 

The types of costs shown for each model plant are: 

(a) Investment 

(b) Annual operation and maintenance 

(c) Annual amortization of investment costs (excluding 
land) 

The total annual costs per metric ton of product have 
been calculated. 

For the purpose of the cost estimate, the first level of 
treatment represents the base cost of the treatment system 
(BPT). The other levels (second, third, etc.) represent the 
incremental cost above the base cost. The actual additional 
costs a plant would incur in implementing the described 
treatment processes depend on current treatment practices, and 
to some extent on the availability of land. 

In some cases, land for economical on-site sludge disposal 
for a ten year period has been provided in the BPT model plant 
costs. Since land cost is not amortized, its value appears in 
the initial investment cost but not in the total annual costs. 
Where land is a major factor in the BPT estimated costs, its 
significance will be mentioned in the separate reviews of each 
subcategory. 

For tne purpose of cost estimating, a set of generally 
representative model plant specifications are given for each 
nonexcluded subcategory starting with the Chlor-Alkali industry 
in Section 11. These specifications, together with the basic 
assumptions on co.st estimating detailed in this section, form 
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the basis for the baseline cost estimates for alternative 
treatment systems. These cost estimates are presented in a 
tabular format in the cost development portion of each 
applicable subcategory section. In order to take into account 
more fully the wide ran9e of plant specific variables, 
additional cost elements wh1ch may add to the baseline costs 
are then considered on a case-by-case basis. The results are 
either expressed graphically as a cost envelope or are given 
as an estimated percentage factor to be applied to the baseline 
costs. 
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SECTION 11 

CHLOR-ALKALI INDUSTRY 

11.1 MERCURY CELL PROCESS INDUSTRY PROFILE 

1~.1.1 General Description 

Chlorine and its co-product caustic soda {alkali) are used 
in large quantities in the production of plastics, organic and 
inorganic chemicals, in the pulp and paper industry, in water 
and waste water treatment and in a number of other industries. 

The production rate in the United States is approximately 9 
million metric tons {10 million short tons) of chlorine per year 
and over 95 percent of that production is by the electrolysis of 
a sodium or potassium chloride solution via one of t\'m major 
processes. The two processes, mercury cell and diaphragm cell, 
differ in cell design and in the quantity and quality of waste 
water generated~ and because of these difference they are being 
addressed separately under the Chlor-Alkali Subcategory. 

Other processes for chlorine production such as the 
recently developed membrane process are not adoressed here 
because only pilot-scale production exists or no data is 
available from fully operating facilities. 

Approximately 30 percent of the u.s. production of chlorine 
is by mercury cell plants. Of 27 known plants, 308 data was 
available for 15. Table 11-1 presents a summary profile of the 
subcategory. Table 11-2 presents the current status of 
discharge regulations for mercury cell chlorine plants. 

11.1.2 General Process Description and Raw Materials 

Brine System 

The sodium chloride solution {brine or salt dissolved in 
water) is treated with sodium carbonate·and sodium hydroxide to 
precipitate impurities such as calcium, magnesium and iron. 
The precipitated hydroxides and carbonates are then settled 
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TABLE 11-1. stJI3C.ATEXDRY PROFILE DATA SUMMARY· 

CHlORINE MEOCURY CELL 

Total subcategory capacity rate 

Total subcategory p:roduction rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representin;J p:roduction 

Plant production range: 

Maxirmlm 

Average production 

Median production 

Average capacity utilization 

Plant age range: 

Maxirmlm 

w·aste water flow range: 

Mi.n:imJm 

.Max:inum 

Velure per unit p:roduct: 

Minimum 

MaxinuJm 

3,545,000 kkg/year 

2,750,000 kkg/year 

27 

15 

1,280,600 kkg/year 

1,090,000 kkg/yea~ 

36 percent 

40 percent 

19, 100 kkg/year 

198,000 kkg/year 

77,900 kkg/year 

70,400 kkg/year 

75 percent 

2 years 

26 years 

4 cubic rreters/day 

2,100 cUbic rreters/day 

< 1 cubic rreters/kkg 

11 cUbic rreters/kkg 

Sources of data are Stanfox:d Research Institute, Directory of Che:nical 
PI:oducers, u.s.A., 1977, u.s. J:>epartment of Ccmnerce, CUrrent ·Industrial 
Rep:>rts, Decanber 1977; Energy am Environmental Analysis, Inc. ; Draft 
Report, "Preliminary Econanic Assessne.nt of Effluent Limitations in the 
Ioorganic Chanical IIrlustry,"June, 1978, and "Economic Analysis of Proposed 
Revised Effluent Guidelines and Standards for the Inorganic Chemicals Industry," 
March, 19 80 • 
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TABLE J 1-2. STATUS OF REGUlATIONS - EFFLUENT LJMITATION GUIDEL~S 

SUBCATEGORY CHLORINE .MERCURY CELL 

SUBPART 

Product Para-
Process meters 

Mercury 
Cell TSS 
Process 

Hg \ 

F (40 CFR 415.60, 3/12/74) 

BPCl'CA 

Max.(l) Avg~2) 
(kg/kkg) (kg/kkg) 

·0.64 0.32 

0.00028 0.00014 
0.00028 0.00014 

STANDARDS 

PA.TEA* 

Max. Avg. 
{kg/kkg) (kg/kkg} 

:No discharge 
of pwwp3 

:No discharge 
of pwwp 

NSPS 

Max. Avg.-
(kg~g) (kg/kkg) 

0.64 0.32 

0.00014 0.00007 

* Section 415.63 "Was remanded and is :presently reserved (41 FR 51601, 
November 23, 1976). 

(1) Max. = Max.imum of any one day. 
(2) Avg. =Average of daily values for thirty consecutive days shall not 

exceed. 
(3) pwwp = Process "Waste water pollutant.. 
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usually in a clarifier and the underflow, known as brine mud, is 
sent to a lagoon or filtered. Brine muds from mercury cell 
plants usually contain small amounts of mercury because the 
spent brine from the cells is recycled. Consequently brine mud 
filtrate is recycled or treated before discharge and solids are 
disposed of in secure landfills. 

Before it is sent to the cells, treated brine is evaporated 
if necessary to remove excess water and then pH adjusted. Spent 
or depleted brine from the cells is acidified and dechlorinated 
using vacuum and/or air stripping before being saturated with 
salt and recycled. 

Mercury Ce11 Process 

The mercury cell, in general, consists of two sections: 
the electrolyzer and the decomposer or denuder. The 
electrolyzer is an elongated steel trough that is inclined 
slightly from the horizontal. Mercury flows in a thin layer at 
the bottom forming the cathode of the cell, and the brine flows 
cocurrently on top of the mercury. Parallel graphite or metal 
anode plates are suspepded from the cover of the cell. Electric 
current flowing through the cell decomposes the brine, 
liberating chlorine at the anode and sodium metal at the 
cathode. The metallic sodium forms an amalgam with mercury. 

2 NaCl(aq) + Hg = Cl2 + 2 Na(Hg) 

The amalgam from the electrolyzer flows to a denuder and 
the spent brine is recycled to the brine purification process. 
In the denuder, the amalgam becomes an anode to a short
circuited iron or graphite cathode. Deionized water is added to 
the denuder which reacts with the amalgam to form hydrogen and 
caustic soda. In modern mercury cells, the denuder or 
decomposer is a horizontally or vertically laid graphite-packed 
bed. The water and the amalgam flow countercurrently. Mercury 
is then returned to the electrolyzer. 

Product Purification 

Chlorine from the cell is cooled to remove water and other 
impurities. The condensate is usually steam strippea for 
chlorine recovery and returned to the brine system or discharged 
After cooling, chlorine gas is dried further by scrubbing with 
sulfuric acid. The diluted acid is then usually regenerated, 
sold or used for pH control. When chlorine gas is compressed 
and liquified, it leaves behind noncondensible gases known as 
tail or sniff gas. The tail gas is usually scrubbed with 
caustic or lime, generating a hypochlorite solution which is 
then decomposed, used on-site, sold or discharged with or 
without ·treatment • . 
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The sodium hydroxide. or caustic product formed at the 
denuder has a concentration of 50 percent NaOH. Some of the 
impurities present in the caustic can be removed or reduced by 
the addition of certain chemicals, and the caustic is then 
filtered. In most cases it is sent to storage or is evaporated 
if a more concentrated product is required. 

Hydrogen gas is cooled by refrigeration to remove water 
vapor and mercury, and can be treated further by molecular 
sieves or carbon. Condensate from hydrogen. cooling is then 
discharged or recycled to the denuder after mercury recovery. 

F1gure 11-1 presents a general process flow diagram of 
chlorine production by mercury cell. 

11.2 WATER USE AND WASTE WATER SOURCE CHARACTERISTICS 

11.2.1 Water Use 

Water is used at mercury cell plants for noncontact 
cooling, tailgas scrubbing, cell washing, equipment 
maintenance, floor washings and in the decompositon of sodium
mercury almagam in the denuder to produce sodium hydroxide. 
Because most brine systems at mercury cell plants are closed 
systems, water use in the brine system is minimal. The total 
water usage at plants was found to range from 7.6 to 204 cubic 
meters per metric ton (1800 to 49,000 gallons per short ton), 
with noncontact cooling water which is not covered by this 
effluent guideline comprising approximately 70 percent of the 
total. 

11.2.2 Waste Sources 

The following W?Ste sources are or can be contaminated with 
mercury and would therefore require treatment if discharged. 

Brine Mud 

This is the waste produced during the purification of brine 
before it is introduced into the cell for electrolysis. The 
metals commonly removed during purification are magnesium, 
calcium, iron and other trace metals such as titanium, 
molybdenum chromium, vanadium and tungsten. Calcium and iron 
are removed as hydroxides. Brine mud is the major portion of 
the waste solids produced from the process. The solids content 
of the stream varies from 2 to 20 percent and the volume varies 
from 0.04 to 1.5 cubic meters per metric ton of chlorine 
produced. The waste is either sent to a pond for settling or is 
filtered. The overflow from the pond or the filtrate is 
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recycled to the process as makeup water for the brine. In the 
mercury cell process, only 16 percent of the NaCl solution is 
decomposed in the cell and the unconverted brine is recycled to 
the purification unit afte~ dechlorination. This recycled brine 
is contaminated with mercury so the resulting brine mud contains 
small amounts of mercury. 

Cell Roam Wastes 

The major components of this stream include leaks, spills, 
.area washdown and cell wash waters. The amount varies from 
plant to plant and depends largely on housekeeping practices. 
Data indicate a range of from 0.01 to 1.5 cubic meters per 
metric ton of chlorine produced. Cell room waste constitutes 
the major stream requiring treatment because of the high levels 
of mercury present in these wastes. If graphite anodes are used 
in the cells, the wastes may also contain lead (used as an 
electrical contact at the anode} and chlorinated organics. 
However most mercury cell plants have converted to metal anodes. 

Chlorine Condensate 

Condensation from the cell gas is contaminated with 
chlorine. At some plants, the condensates are recycled to the 
process after chlorine recovery. Both contact and noncontact 
water is used for chlorine cooling and for removal of water 
vapor. Because of this, the amount and type of waste water 
varies from plant to plant. Data from one plant indicates a 
waste condensate flow of approximately 0. 01 cubic meter per 
metric ton of chlorine pro~uced. 

Spent Sulfuric Acid 

Concentrated sulfuric acid is used in the dryer to remove 
the residual water from the chlorine gas after the first stage 
of cooling. In most cases, the acid is used until a constant 
concentration of 50-70 percent is reached. The spent acids can 
be regenerated for reuse, used for pH control in a treatment 
system, or sold. 

Tail Gas Scrubber Liquid 

The tail gas containing the uncondensed chlorine gas from 
the liquefaction stage, along with some air and other gases, is 
scrubbed with sodium/calcium hydroxide to form sodium/calcium 
hypochlorite solution. When the equipment is purged for 
maintenance, the tail gas is also absorbed in calcium or sodium 
hydroxide, producing the corresponding hypochlorite solution. 
The hypochlorite can be used in another process on site, sold, 
discharged to treatment or decomposed 'before discharge or 
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treatment. The amount of tail gas scrubber water varies from 
0.04 to 0.58 cubic meter per metric ton of chlorine. 

Caustic Filter Washdown 

The 50 percent caustic produced at the denuder is filtered 
to remove salt and other impurities. The filters are backwashed 
periodical1y as needed, and the backwash can be discharged to 
treatment or filtered with the filtrate recycled to the brine 
system and the solids sent for disposal or mercury recovery. 
Waste water volume from caustic filter backwashing is variable 
and no flow data are available. 

Hydrogen Condensate 

Hydrogen produced at the denuder is cooled to remove 
mercury and water carried over in the gas. The condensate is 
either sent to treatment facilities or to mercury recovery after 
which it can be returned to the denuder. Data on the volume of 
this waste stream are not available. 

Summary of Waste Water Flow 

Summing the flow ranges presented above for specific waste 
sources results in a maximum mercury-contamined waste flow of 
2.1 cubic meters per metric ton (m3/kkg) for plants where 
specific stream data were available. This does not include 
brine mud flows which are reused instead of discharged, and 
therefore do not affect total flow. 

Data available on total discharges at 13 mercury cell 
plants are presented in Table 11-3. The average discharge 
volume indicated is also 2.1 m3/kkg, although flows as high as 
6.3 m3/kkg do exist. 

11.3 DESCRIPTION OF SPECIFIC PLANTS 

The following descriptions of specific plants includes 
those that 'were sampled during the screen1ng and verification 
program. The discussion primarily covers plant practices in 
waste water control and treatment. 

11.3.1 Screening Program 

Plant :ft299 was visited in. the screening and verification 
phase of the program. The mercury-contaminated waste streams 
include outlet end-box wash water, spills and cleanup water, 
brine mud saturator sludge, and pump seals waste water. The 
combined waste water is sent to a surge pond. The effluent from 
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TABLE 11-3. S'!J'-1MA,RY OF WASTE WATER :FLOW W\TA. FOR C.HI:DRmE 1-1El.OJRY CELL PlANTS 

SUOCATEX;ORY CHLORJNE MERCURY CELL 

Plant Waste Water Flow 

NumJ::er ( m3Jkkg Chlorine) 

317 0.51 

907 0.36 

299 1.6 

167 5.6 

747 0.69 

343 1.6 

106 0.67 

131 1.7 

589 5.8 

898 0.98 

741 0.51 

553 1.0 

769 6.3 

Average of 13 plants 2.1 
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the surge pond is mixed with sodium bisulfide and sent to a 
settling pond. The overflow from the pond is pH adjusted, 
filtered (in a filter press) and passed through activated carbon 
towers before discharge. In the sampling program waste water 
influent to the surge pond and the overflow from the settling 
pond were sampled. Figure 11-2 gives the general process 
diagram and shows all the waste streams sampled. Table 11-4 

·presents major pollutant concentrations and loads for the 
sampled streams. 

11.3.2 Verification 

Four more plants (#747, ~167, f.l06 and f317) producing 
chlorine/caustic by mercury cells were visited and sampled in 
the verification program. Table 11-5 presents pollutant 
concentrations for the sampled streams---and loads for TSS and 
mercury. 

At Plant f.747, the brine dechlorination system has been 
converted from barometric condensers to a steam ejector system. 
The conversion resulted in increased chlorine recovery and 
reduced contact waste water. By providing settling and 
secondary filter facilities, the brine filter backwash has been 
eliminated. The tail gas scrubber liquid (hypochlorite 
solution) is offered for sale and if not marketed, is treated 
for removal of chlorine and discharged. Mercury bearing waste 
waters are treated with sodium sulfide (Na2S) and filtered. 
Solids are retorted for mercury recovery and the filtrate is 
mixed with the other process waste waters and the pH adjusted 
before discharge. A flow diagram of the manufacturing process, 
including the waste water treatment facility, is given in Figure 
11-3. 

At Plant fl67, the waste water streams, consisting of 
filter backwash, cell room wash, rain water runoff, and leaks 
and spills, are combined and treated for mercury removal. The 
water is sent to a holding lagoon and the overflow is reduced by 
reaction with ferrous chloride, which precipitates mercury. The 
reacted solution is sent to a clarifier and the underflow from 
the clarifier is disposed of in a landfill. The overflow is 
filtered and the filtrate is passed through activated carbon and 
an ion exchange column prior to discharge to a lagoon. The 
effluent from the lagoon is pH adjusted and discharged. Figure 
11-4 shows the simplified process flow diagram for Plant fl67, 
including the sampling locations. 

At Plant #317, the brine purification mud is mixed with 
spent sulfuric acid and sodium hypochlorite solution. The 
treatment removes mercury from the mud and transfers it to the 
solution. The solution is filtered and the solids landfilled. 
The filtrate is mixed with other mercury-contaminated waste 
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TABLE 11-4. FOLLUTANI' CONCENTRATIONS AND WADS AT PLANT # 299 

St..JOCATEGORY CHLORINE (HEROJRY CELL) 

Stream Stream TSS Mercury 
Numl:er Description (mg/1) (kg/kkg) (mg/1) (kg/kkg) 

Screening Phase: (l) 

1 Cell W:l.ste 12 0.016 0.15 0.0002 

2 Mercury Trea:bnent 
Effluent 5 0.007 0.029 0.00004 

3 Tail G3.s 
scrubrer NA NA 0.11 NA 

Verification Phase: (2) 

1 Mercury Treatment 
Influent 91 0.13 5 .. 9 0.080 

2 Mercury Treatment 
Effluent 18 0.026 0.20 0.0003 

3 Cell W:l.ste 120 0.17 11. 0.015 

4 Brine Mud 13,000 NA 0.54 NA 

5 Tail G3.s Scrubber 180 0.022 0.17 ,9.00002 

NA =Not available. 
(1) = Data ba.sed on one 72-hour cornp::>site sample of each stream. 
(2) = Data ba.sed on three 24-hour colllp:)site samples of each stream. 
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TABLE 11-5. roLLUTANT CONCENTRATIONS AND IIJADS AT VERIFICATION PLANTS (1) 

SUBCATEGORY CHIIJRINE {MERCURY CELL) 

stream Stream TSS Mercury 
Numl::er Description (mg7IJ {kg7kk§T (mg7IJ (kg7kKg) 

Plant 747 

1 Cell Waste 700 -1 18 -3 1.6 X 10_2 4.3 X 10_5 2 Treated Waste 60 1.4 X 10 0.10 2.3 X 10_6 3 Acid Input NA NA 0.023 3.5 X 10_
7 4 Acid Output NA NA 0.003 7.2 X 10_5 5 Dechlor System 9 0.0037_5 0.035 1.5 X 10-6 

6 Cl2 Condensate 2 2.7 X 10 0.27 1.8 X 10_7 
7 Tail Gas Scrubber NA NA 0.039 8.0 X 10 

Plant 167 

5 All c12 wastes 560 1.9 -4 3.8 -2 
1.3 X 10-6 

6 cell wash 57 5. 7 X 10_3 0.72 6.7 X 10_6 7 Brine Process 4 7.1 X 10_2 0.005 9.0 X 10_3 8 Treated Waste 2 1.3 X 10 0.32 1.8 X 10 
9 Clarifier -5 Underflow 5,900 4.0 10.4 8. 7 X 10 

Plant 317 

l Cell waste 45 NA l4 NA 
2 Brine Mud 

Filtrate 520 NA 34 NA 
3 Tank Car wash 18 NA 0.033 NA 
4 Collection -2 Tank 21,000 8.6 123 5.0 X 10 
5 Treated -2 -5 Effluent 110 4.4 X 10 0.10 4.3 X 10 
6 Deionizer -3 -7 Effluent 18 5.2 X 10 0.001 2.9xl0-4 
7 N-c Cooling 16 2.2 0.001 1.4 X 10_4 8 Final Effluent 18 2.4 0.002 3.6 X 10 

Plant 106 

1 cell wash 79 3.9 
2 Treated. Cell 

wash 20 0.015 
4 Final Effi.Luent 2.0 <0.0005 NA 

NA = Not available. 
(1) = Data based on three 24-hour camrx:>sites. 
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waters, which includes the brine purge, cell room liquid wastes 
and plant area wash water. This is then reacted with sodium 
hydrosulfide to precipitate the mercury as mercury sulfide and 
then filtered. The solids are sent to a mercury recovery unit 
and the filtrate is sent to a holding tank. The effluent from 
the holding tank is mixed with de-ionizer waste and noncontact 
cooling water before discharge. The process flow . diagram 
showing the waste streams sampled is given in Figure J.l-5. 

At Plant #106, mercury-bearing wastes are segregated from 
other waste waters and combined for batch treatment. Mercury
bearing leaks, spills, and precipitation are contained and 
collected by curbing around the cell room and collecting the 
wastes in a common sump. From the sump the combined waste is 
pumped for treatment. In the treatment system, the pH is 
initially adjusted using waste sulfuric acid and 20 percent 
caustic solution as required. Sodium sulfide and filter aid are 
added and the waste agitated in fiberglass reaction tanks. The 
effluent from the tanks is filtered and the filter cake is 
retorted for mercury recovery. The residual waste, after 
mercury recovery, is placed in a lined solid waste disposal 
area. The filtrate is sent to the first of two lined lagoons. 
Primary pH adjustment is made using waste sulfuric acid and 20 
percent caustic before entry into the first lagoon; final pH 
adjustment is made between the first and the second lagoons. 

11.3.3 Descriptions of Plants Not Sampled 

At Plant f589, the waste water going to the mercury 
treatment system consists of cell room washdown, brine filter 
backwash, leaks, spills, cleanup water, and hydrogen cooling 
condensate. The waste waters are reacted with hydrochloric acid 
and sodium bisulfide and then sent to a settling basin where 
mercury sulfide precipitates. The overflow is passed through a 
series of effluent filters before discharge. 

At Plant f.343, the cell room wash water, brine purification 
sludge, and chlorine cooling condensate are combined and sent to 
a pond. The suspended solids settle in the pond and are oredged 
out once a year. The dredged sludge is "Chern Fixed" and 
disposed of in an appropriate landfill. The overflow from the 
pond is reacted with Na2S and the reacted solution is sent to a 
clarifier. The clarifier underflow, consisting mainly of 
mercury sulfide, is returned to the pond. The clarifier 
overflow is discharged. 

All contact waste water at Plant ¥907 is treated for 
mercury removal in a patented process involving reduction of 
mercury to the metallic state using sodium borohydride. 
Previously contaminated wooden flooring in the cell room has 
been removed and replaced with fiberglass gratings to reduce the 
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amount of mercury in the effluent and for better waste control. 
Molecular sieves have been installed on cell end boxes to reduce 
the mercury content in the air vented from the cells. The 
treatment not only cleans the air but is also believed to reduce 
mercury in the plant area runoff. 

In the treatment system, the mercury-contaminated waste 
water is reacted with sodium borohydride to reduce dissolved 
mercury to the metallic form. The reacted solution is filtered 
prior to delivery to one of the banks of three columns packed 
with anthracite coal. After passing through three absorption 
columns in series, the treated waste water is delivered to large 
holding tanks, from which it may be discharged or returned to 
treatment, depending on its mercury content. Filter_ cake, 
resulting from the filtration of the waste prior to the coal 
absorption step, is retorted for mercury recovery. 

Waste solids at this facility, including mercury treatment 
sludges and brine muds, are deposited in an on-site disposal 
area. Chlorine discharges are essentially eliminated by three 
significant waste management practices: the chlorine condensate 
is collected and returned to the brine system, tail gas 
scrubbing effluents are used in the manufacture of another 
product, and spent sulfuric acid from chlorine drying is 
dechlorinated in an air strippet and shipped off-site for the 
manufacture of another product. Gases from the air stripper are 
returned to the chlorine purification header. 

At Plant ¥.324, the barometric condenser on the brine 
dechlorination was replaced with an indirect cooler, resulting 
in a reduction of chlorinated waste water._ The tail gas 
scrubber effluent is used for the manufacture of another 
product, and the brine muds are sent to a pond. Small amounts of 
mercury, when detected in the brine mud, are leached with water 
and treated with other mercury-contaminated waste waters which 
include the cell room wash water, caustic filter backwash, and 
brine leaks. The combined waste water is mixed with hydrogen 
processing waste water, reacted with sulfuric acid, sodium 
borohydride, and sodium sulfide, and then filtered. The 
filtrate is adjusted for pH and recycled to process. 

At Plant ¥.385, the brine mud sludge is sent to a retention 
pond where it accumulates. All process contact waste water is 
collected in an unlined pond where it is treated and the treated 
effluent is used as the scrubber liquid for tail gases. The 
spent scrubber solution is sent to an adjacent paper plant for 
use. 

At Plant f. 416, the cell room wastes are used for bleach 
manufacture. The waste water streams from the chlorine/caustic 
plant are sent to an adjacent paper company. 
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At Plant f.784, the waste water, consisting of KCl brine 
filter backwash and area washdown and spills, is sent to a 
basin. The basin equalizes the flow and the overflow is treated 
with sulfuric acid prior to reaction with NaHS and 
clarification. The clarifier overflow passes through an 
activated carbon filter and to a final tank where it undergoes 
pH adjustment before discharge. 

The wastes are segregated at Plant ¥674. The clarification 
pond is used for waste streams containing suspended solids. The 
streams going to the pond include brine purification muds and 
spent chlorinated lime. The mercury-contaminated waste waters 
are treated separately. These include the brine saturation 
waste, brine filter backwash, cell room sumps, and tank car 
washes. The combined mercury-laden waste water is sent to a 
collection pond and the overflow from the pond is pH adjusted 
before the addition of Na2S. The reacted solution is sent to a 
another pond and the. pond overflow is passed through a carbon 
adsorption column before final discharge. A part of the treated 
effluent is re-injected into the brine well. 

·-
At Plant f012, the brine treatment area is paved to trap 

all spills, leaks, and rain runoff from that area. The 
recovered waste is recycled to the weak brine reservoir. The 
contaminated waste waters from the plant are re-injected into 
the brine wells to keep the hydraulic balance and maintain 
pressure in the salt deposits. 

11. 3 . 4 Summary of the Toxic Po1lu tant Data 

Presented below are the toxic pollutants found in the raw 
wastes during screening and verification. 

Because several waste streams usually contribute to the 
total raw waste at mercury cell plants, a calculation was often 
necessary to determine the pollutant concentrations that would 
exist in the streams before they were mixed prior to treatment. 
An example of tb.is calculation is the "mixing 11 of the following 
hypothetical streams: 

Stream A: 100 gallons per minute, 15 mg/1 

Stream B~ 10 gallons per minute, 60 mg/1 

(Flow x co~entration) + (Flow x concentration) 
Total Flow 

= concentration of mixed streams 

= (100 gpm)\15 mg/1) + (10 gpm) (60 mg/1) 
110 gpm 
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The maximum raw waste concentrations observed during any 
single 24-hour sampling period were: 

Pollutant 

Ant~mony 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Silver 
Thallium 
Zinc 

Maximum Raw Waste Concentrations Observed 
(llg/1) 

Verification 
Screening Plants 

Plant (f 299, f747, ¥1.67, 
(#299) f 206, :f: 317) 

< 250 770 
< 10 400 
< 1 790 

8 180 
350 2,300 

1 1,900 
150 180,000 

< 100 2,400 
< 1 870 

140 440 
230 34,000 

Section 5.1.2 of this report describes the methodology of 
the screening and verification sampling program. In the 
chlorine mercury cell industry, a total of 18 days of sampling 
were conducted at Plants ¥299, f747, :f!-167, ¥317 ano f.l06. 
Thirty-two different sampling points were involved covering 
various raw waste streams and the treated effluents at these 
plants. The evaluation of toxic metal content of these process 
related waste streams was based on 949 analytical data points. 
The screening for toxic organic pollutants at Plants f299 and 
fl67 generated an additional 490 analytical data points. The 
daily raw waste loads were calculated from the waste stream flow 
rates measured or estimated at the time of sampling and the 
measured pollutant concentration. 

Tbe daily loading is determined by: 

Daily loading (as kg of pollutant (C) (Q) 
per day) = 1000 

Where: 

C is the concentration of the pollutant expressed in 
units of mg/1 (Note: kg/m3 = 1000 mg/1), and 

Q is the waste stream flow rate expressed in units of 
m3/day (m3, a cubic meter, is equal to 264.2 u.s. 
gallons). 
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Similarly, the unit loadings were calculated from the 
reported chlorine production rate, the waste stream flow rate, 
and the measured pollutant concentration: 

Unit loading (as kg of pollutant per 
kkg of chlorine) 

(C) (Q) 
- lOOOP 

Where C and Q are the same as described above, and P is the 
chlorine production rate expressed in units of kkg/day (kkg is 
1000 kgr a metric ton, which is equal to 2205 lbs). 

The minimum, average, and maximum values are based on data 
from those plants where the particular pollutant was found at a 
concentration greater than the analytical detection limits and 
considered a "significant concentration". The term "significant 
concentration" means an observed concentration in any 24- or 72-
hour composite raw waste sample that is above the analytical 
detection limit, and treatable by an available technology 
regardless of economic considerations. 

In Table 11-6, the toxic pollutant raw waste data are 
presented as the average· daily concentrations and the unit 
loadings found at the individual plants. These averaqes were 
derived by averaging the concentrations and loads based on three 
24~hour composite samples from each plant. 

In Table 11-7 daily loadings (in kg/day) and unit loadings 
(in kg/kkg) are presented as minimum, average and maximum values 
based on the data presented in Table ll-6. 

Based on the total annual production of this subcategory 
and the average waste load generated per unit product, the 
estimated total pollutant raw waste loads generated each year by 
this subcategory are as follows: 

Pollutant 

Antimony 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Silver 
Thallium 
Zinc 
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Raw Waste load 
(kg/year) 

1,400 
1,000 

210 
360 
960 
880 

44,000 
820 
850 
770 

7,200 



TABLE 11-6. TOXIC POLLUTANT RAW WASTE CONCENTRATIONS 1-.ND ~.DS AT 
VERIFICATION PLANTS 

Gng/1~ kg/kkg 

SUBCATEGORY CHLORINE (r·rERCURY CELL) 

Pollutant Plant * 299 747 167 317 106 

Antinony 0.48 0.11 * * 0.49 
0.00077 0.000078 0.00070 

Arsenic 0.23 0.030 0:33 0.10 * 
0.00037 0.000021 0.0011 0.00005 

cadmium 0.010 0.020 * 0.46 0.031 
~ 0.000016 0.000014 0.00023 0.000044 

Chranium 0.063 0.10 0.12 0.080 0.013 
0.00010 0.000071 0.00040 0.000040 0.000019 

Copper 0.30 0.38 0.075 1.2 0.12 
0.00047 0.00027 0.00025 0.00060 0.00017 

Lead 0.060 0.16 0.072 1.4 0.33 
0.000096 0.00011 0.00024 0.00070 0.00047 

Hercury 5.9 18 3.8 123 3.9 
0.0081 0.0043 0.013 0.048 0.006 

Nickel * 0.093 0.060 1.4 0.17 
0.000066 0.00020 0.00070 0.00024 

Silver * 0.047 * 0.11 0.58 
O.OOb033 0.000055 0.00083 

Thallium 0.18 0.022 * * 0.38 
0.00029 0.000016 0.00054 

Zinc 0.27 0.69 0.17 20 0.96 
0.00043 0.00049 0.00057 0.010 0.0014 

* -Concentration below significant level as defined in 11.3.4. 
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SUECATEOORY 

Pollutant 

Antlirony 

Arsenic 

Cadmium 

Chranium 

Copper 

Lead 

Mercury 

Nickel 

Silver 

Thallium 

Zinc 

TABLE 11-7., St.M1ARY OF RAW W?\STE LOADINGS AT 
VERIFICATION PLANTS 

CHI.ORINE (NERCURY CELL} 

Daily Unit 
Loadings Loadings 
(kg/day) (kg/kkg) 

min. avg. ItEX. min. avg. max. 

0.044 0.17 0.30 0.000078.0.00052 0.00077 

0.0054 0.11 0.27 0.000021 0.00038 0.0011 

0.0062 0.013 0.025 0.000014 0.000076 0.00023 

0.0043 0.037 0.098 0.000019 0.00013 0.00040 

0.045 0.10 0.18 0.00025 0.00035 0.00060 

0.036 0.070 0.12 0.000096 0.00032 0.00070 

1.6 3.l 5.1 0.0043 0.016 0.048 

0.037 0.056 0.075 0.00006& 0.00030 0.00070 

0.0059 0.082 0.22 0.000033 0 .. 00031 0.00083 

0.0090 0.086 0.14 0.000016.0 .. 00028 0.00054. 

0.14 0.41 1.1 0.00043 0.0026 0.010 

Number of 
Plants 

Averagerl* 

3 

4 

4 

5 

5 

5 

5 

4 

3 

3 

5 

* - Only th::>se plants where the I;Ollutant was observed at "significant 
concentrations" are included in the averaging. "Significant 
concentrations" is defined in 11. 3. 4. 
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11.4 POLLUTION ABATEMENT OPTIONS 

11.4.1 Toxic Pollutants of Concern 

Me~cury is th~ major toxic pollutant of concern in t~e 
product1on of chlor1ne by the mercury cell process. Other tox1c 
metals often found in significant concentrations in raw wastes 
include arsenic, antimony, cadmium, chromium, copper, lead, 
nickel, silver, thallium and zinc. Sources of these metals are 
assumed to be impurities in the raw salt or brine and corrosion 
products from the reaction between chlorine and process 
equipment materials of constuction. No toxic organics were 
found at significant levels. 

11.4.2 Prevailing Control and Treatment Practices 

Section 11.2.3 described specific control and treatment 
practices at 14 plants. All known mercury cell plants practice 
treatment of mercury-bearing wastes, but control practices such 
as recycling of brine mud filtrate or pond overflow, chlorine 
condensates, hydrogen condensates and caustic filter backwash, 
and solids handling vary from plant to plant. Although all 
known treatment facilities precipitate mercury and separate the 
solids formed by clarification and/or filtration, sampling data 
has shown that some treatment systems including those with more 
advanced technologies such as adsorption or ion exchange, are 
not operating efficiently. 

11.4.3 Process Modifications and Technology Transfer Qptions 

The following process modifications are being practiced at 
one or more mercury cell plants and can significantly reduce 
pollutant loads discharged. 

Anode Material 

Nearly all mercury cell plants now use metal anodes. Their 
use, as opposed to graphite anodes, improves the power 
efficiency of the cells and reduces the potential pollutant 
load. 

Liquefaction of Chlorine 

Utilization of high pressure and refrigeration for chlorine 
recovery will reduce the chlorine content of tail gases. 

Brine Recycling · 

Although practiced at many facilities not all plants are 
using a closed-loop brine system which eliminates a significant 
waste volume requiring mercury treatment. 
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Mercury Emissions 

Hydrogen gas produced in the denuoer can be refrigerated 
and passed through treated carbon or molecular sieves to remove 
the mercury escaping with the gas.· This will reduce the mercury 
emissions and reduce atmospheric fallout in the neighborhood of 
the plant. This in turn will reduce mercury concentrations in 
storm runoff. Two plants are practicing this control 
technology. -

Tail Gas Emission Control 

When chlorine gas produced from the cell is compressed and 
cooled, chlorine separates · as liquid chlorine, and 
noncondensable gases (tail or sniff gas containing residual 
chlorine vapor) are produced at the discharge end of the 
condenser. The amount of chlorine present in the tail gas is 
significant and has to be removed and treated or recovered 
before the tail gas is vented to the atmosphere. The common 
industrial practice is to scrub the gas with caustic soda or 
lime solution thus producing the corresponding hypochlorite. 
The hypochlorite solution is either solo, used on-site, sent to 
a waste water treatment plant, or oischarged without treatment. 
Treatment of this waste is a relatively recent practice. 
Decomposition is a common method of treatment using catalytic, 
thermal, and chemical methods as described below. 

Catalytic decomposition involves the addition of small 
quantities of cobalt, nickel, and iron chloride to the waste 
streams, followed by retention in reaction tanks for periods up 
to several days. Of the two plants employing this technology, 
one reports zero discharge of chlorine, and the other reports 
respective average and maximum chlorine discharge rates of 0.015 
and 0.14 kg per metric ton of chlorine produced. 

Thermal decomposition occurs when the temperature of the 
solution containing hypochlorite reaches 175 degrees F. Lime 
reacts with chlorine exothermically, producing heat and calcium 
hypochlorite. If the hypochlorite solution is not cooled, 
thermal decomposition occurs • One chlorine/caustic plant is 
using this treatment method and another is planning to use it. 
The plant using thermal decomposition reports complete 
conversion of hypochlorite to chloride. 

Chemical decomposition takes 
hypochlorite solution with a chemical 
sodium sulfite or hydrogen peroxide. 
expensive but complete and rapid. 

place by reacting the 
reactant which is usually 
Chemical decomposition is 

When chlorine is present in a dissolved form (hypochlorous 
acid) in water, a stripping technique may be applied to recover 
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the chlorine. Chlorine condensate streams and spent chlorine
drying acid are most commonly treated by steam or vacuum 
stripping, with the.chlorine frequently returned to process for 
purification and recovery as a product. The tail gas is not 
generally scrubbed with water because water does not effectively 
remove chlorine and the chlorine concentration in the exhaust 
will reach 0.1 to 4. 5 percent by volume after scrubbing with 
water. One effective method of chlorine recovery from the tail 
gas is by the passage of the gas through an absorbing material 
such as carbon tetrachloride and subsequent recovery of the 
chlorine. The process is proprietary and little information is 
available on its design or performance. 

11.4.4 Best Management Practices 

Area Runoff 

Provisions can be made to divert and contain storm runoff 
from plant areas. Collected runoff can then be sent to the 
waste water treatment system. 

Leaks and Spills 

The brine treatment area and the cell room areas can be 
paved with fiberglass gratings, and provision should be made to 
collect the leaks and spills from the operation. 

Mercury Contaminated Solids 

The precipitated mercury waste should be stored in a lined 
pond, disposed of in a secured landfill or sent to mercury 
recovery operations. Brine mud should be discharged to a lined 
pond or a secure landfill after filtration. The brine mud 
contains small amounts of mercury which can leach into the 
ground water if proper safety precaution are not taken. 

Transportation, Handling and Abnormal Operations 

'Provisions should be made to remove chlorine from air 
emissions resulting from abnormal operating conditions such as 
start up and shut down, or from vents on returned tank cars, 
cylinders, storage tanks, and process transfer tanks during 
handling and loading of liquid chlorine. 

11.4.5 Advanced Treatment Technologies 

Methods available for the removal of elemental mercury or 
mercuric salts from plant waste waters include precipitation 
with sodium sulfide to form insoluble mercuric sulfide, 
adsorption by activated carbon, adsorption by ion-exchange and 
other resins, reduction by borohydrate, hydrazine, sulfite, 
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hypophosphite or iron, and biological reduction (57). All of 
these methods are patented; many of these methods have been 
proven on a pilot scale only. Sulfide precipitation and 
adsorption techniques will also provide for the removal of other 
toxic metals. 

11.5 SELECTION OF APPROPRIATE TECHNOLOGY AND EQUIPMENT 

11.5.1 Technologies for Different Treatment Levels 

_ Following the evaluation of significant toxic pollutants 
found in raw waste waters, current industry treatment practices 
and applicable treatment alternatives, two levels of end-of-pipe 
treatment were selected as alternatives for application in the 
mercury cell chlorine subcategory. 

Level 1 

This treatment consists of sulfide precipitation of 
mercury-bearing waste water followed by pressure filtration. 
This level of treatment, which will also reduce other heavy 
metals, includes recycle of the brine waste stream back to 
process, and the settling and storage of brine muds. Mercury
bearing solids can be sent to mercury recovery or disposal. The 
flow diagram for this treatment level is shown in Figure 11-6. 

Level 2 

The filtered Level 1 effluent is passed through a 
activated carbon bed where residual metal sulfides 
metallic mercury will be removed. The flow diagram 
treatment level is shown in Figure 11-7. 

11.5.2 Equipment for Different Treatment Levels 

Equipment Functions 

granular 
and any 

for this 

In Level 1, typical of existing treatment facilities, 
mercury-bearing wastes are equalized in a surge tank, and 
following chemical mixing, sulfide precipitates are removed in a 
conventional plate and frame filter press followed by final pH 
adjustment of the filtrate before discharge. In Level 2 a 
conventional granular activated carbon filter is added for 
further removal of residual metals before pH adjustment. 

Chemical Handling 

Sodium bisulfide is used with filter aid after pH 
adjustment to pH S-7. Care is needed to prevent escape of toxic 
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and obnoxious H2S fumes at neutral and acid pH levels. At Level 
2 no additional chemicals are used since the activated carbon 
bed is not regenerated but is periodically removed and replaced. 
The. handling of granular carbon may cause temporary dust 
problems but it causes no special hazards. 

Separation and Removal of Solids 

Conventional settling and filtration methods are used, but 
because of the toxicity of mercury, precipitated sludges should 
be disposed of in a safe chemical waste area. 

Monitoring Requirements 

Both levels of treatment include provisions for sampling 
and monitoring of the waste water discharge. Monitoring of 
heavy metals is done by atomic absorption methods at a qualified 
commerical laboratory: Simple field tests for heavy metals as a 
group are available for routine process control. 

11.6 TREATMENT COST ESTIMATES 

11.6.1 General Discussion 

To prepare treatment cost estimates, a model plant concept 
was developed. The proposed model plant characteristics are: 

Waste Water Flow 

Data presented in Table 11-3 indicate an average waste 
water flow of 2.1 m3/kkg for 13 plants, while the average of the 
five plants surveyed ~uring this study averaged 1.7 m3/kkg. The 
latter value was used for developing the detailed cost estimates 
presented in the cost tables because the technology base for the 
model plants was that observed in the field. 

For effluent limitation calculations (see 11.7.2) the more 
conservative unit flow from the larger data base and 2.1 m3/kkg 
has been used. Cost estimates will be adjusted to reflect the 
larger unit flow before promulgation. 

Chlorine Production 

Approximately SO percent of the production data for all the 
chlorine/caustic plants using mercury cells is available on 
file. Production ranges from 19,000 to 198,000 kkg of 
chlorine/year. Three model plants with productions of 19,100 
kkg/yr, 95,500 kkg/yr and 191,000 kkg/yr were selected to 
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represent the subcategory production range. The flow per unit 
of production is assumed to be the same for each size of model 
plant. Seventy-seven percent of the plants for which flow data 
was available have flows per unit of production equal to or less 
than the average unit flow (Table 11-3). 

Solid Waste Produced 

Brine mud constitutes the major source of solid waste 
generated at chlorine plants. Although flows and solids content 
varies considerably from plant to plant, an average flow of 0.42 
m3/kkg at 10 percent suspended solids gave an estimated solids 
load of 42 kg/kkg to be used for cost estimating purposes. 

11.6.2 Chlorine Bearing Wastes 

In the selection of model plants, the following assumptions 
have been made for the chlorine contaminated waste streams. The 
chlorine condensate waste stream has not been included in the 
waste streams going to the treatment facility. In the majority 
of the chlorine/caustic plants, this stream is stripped of 
chlorine by steam or vacuum and the chlorine is recycled to the 
purification operation. The waste water is then returned to the 
process and introduced to the brine purification unit or sent to 
the treatment unit. The quantity of waste water generated by 
this operation is small and does not significantly affect the 
flow determination. In some cases the chlorine gas from the 
cells is contact cooled with water and the scrubbed liquid, 
after steam stripping, is reused. The stripping operation in 
the recovery of chlorine is part of the process and, therefore, 
its cost is not included in the treatment cost. The spent tail 
gas scrubber solution, which contains mainly calcium or sodium 

·hypochlorite, is assumed to be used or decomposed before it is 
discharged or sent to treatment. Thermal decomposition can be 
practiced at n~ additional cost at some facilities, while 
another efficient treatment method is catalytic decomposition. 
The cost estimates for decomposition are not included here 
because at many plants the hypochlorite stream is sold, used on
site or only infrequently discharged depending on market demand. 

However, because of the environmental effects of high 
levels of chlorine in waste water discharges, the cost for the 
dechlorination of total plant discharges using sulfur dioxide 
has been included because this is the treatment method on which 
control of total residual chlorine is based. 

11.6.3 Model Plant Treatment Costs 

On the basis of the model plant specifications and design 
concepts presented earlier, the estimated.costs of treatment for 
three models having different production levels are shown in 
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Table 11-8, 11-9 and 11-10. The costs of Level 2 treatment are 
incremental over Level 1 costs. Annual treatment costs as a 
function of production are shown graphically in Figure 11-8. 
Similarly, treatment cost per metric ton of product is shown in 
Figure 11-9. Table 11-11 presents a summary of the unit cost 
distribution between amortization and operation and maintenance 
components. 

Variability in specific plant water use practices and 
treatment applications may be responsible for treatment costs 
that ~re higher than those developed for fhe model plant. These 
variations have been considered. Using the model plant annual 
cost curve as a baseline, consideration of the additional plant 
specific cost factors results in the cost analysis as shown in 
Figures 11-10 and 11-11 for Level 1 treatment and Figures 11-12 
and 11-13 for the Level 2 treatment. The cost envelopes reflect 
the impact of higher flows (2.4 m3/kkg) which are required at 
some plant locations and the consequent increase in costs due to 
additional chemical requirements and the variability in the 
costs associated with solid waste disposal. A combination of 
these and other specific plant factors may result in additional 
costs ranging from 30 to 125 percent of the baseline costs. 

Cost estimates are presented in Table 11-12 for plants 
requiring dechlorination of waste waters by sulfur dioxide. For 
the range of model plant productions, the annual cost of sulfur 
dioxide treatment varies from $1.72 to $0.40 per metric ton of 
product. 

11.7 BASIS FOR REGULATIONS 

11.7.1 Basis for BPT Limitations 

Technology Basis 

Existing mercury cell chlorine plants are controlling 
mercury in their waste waters in accordance with existing BPT 
regulations which require a discharge of less than 0.00014 
kg/kkg of product as a 30-day average. These BPT regulations, 
40 CFR, 415.62 {a) presently in effect will not be revised. 
Pollutants regulated include TSS and mercury. The technol.ogy 
basis of sulfide precipitation and filtration of mercury bearing 
streams (Level 1) is currently being applied at 24 plants in 
this subcategory. Other plants in the industry use mercury 
control methods that are different in detail but with the same 
objective. 

The existing regulations, presented in Table 11-2, are 
sustained by the fact that plants having properly operated BPT 
technology have demonstrated the achievability of the effluent 
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TABLE 11-8 MODEL PLAN!' TREA'IMENr CCSTS 
============================================================================== 

Subcategory CHLORINE Mercury cell 

Production 

Waste water flow 

19,100 metric 'tons per year (21,057 tans per year) 
54 metric tons per day ( 60 tons per day) 
91 cubic meters per day. 

A. INVES'IMENT CC:ST 

Construction ••••••••• 
Equipnent in place, 
incltrling piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipnent 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incidentalsv overhead, 
fees, contingencies ••• 
Land •••••••••••••••••• 

TorAL INVES'IMENr CCST 

B. OPERATION AND 
MAINTENMK::E CCST 

Labor and supervision. 
Energy ••••••••••••••.• 
Chern ical s . .••••.••••.. 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposaloeooooo••••••• 
Monitoring, analysis 
and reporting ••••••••• 

TorAL OPERATION AND 
-MAINTENMK::E CCST 

C. AMORTIZATION OF 
INVES'IMENI' CCST 

TorAL ANNUAL CC:ST 

LEVEL OF 'IREA'IMENr* 

FIRST 

$49,100 

68,100 

9,000 

25,240 

25,240 
21,000 

$197,680 

$112,000 
1,250 

500 
17,668 

5,930 

4,400 

15,000 

$156,748 

$28,745 ________ ,... 
$185,493 

SECCND 

$500 

15,000 

3,100 

3,100 

$21,700 

$14,000 

1,400 
2,170 

651 

7,500 

$25,721 

$3,530 

$29,251 

*First level represents the base cost of treatment system. 
Other ~evels represent the incremental cost above base cost. 
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TABLE -~11-9 MODEL PI.ANI' TRFA'IMENT COSTS 
================================== 

Subcategory CHLORINE Mercury cell 

Production 

waste water flow 

95,500 metric tons per year 
272 metric tons per day 
455 cubic meters per day. 

(105,288 tons per year) 
(300 tons per day) 

LEVEL OF 'IRFA'IMENT* 

A. INVES'IMENT COST 

Construction ••••••••• 
Equipnent in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land •••••••••••••••••• 

TCYrAL INVES'IMENT COST 

B. OPERATION AND 
MAINTENAN:!E COST 

Labor and supervision. 
Energy ••••.••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual -waste 
disposal •••••••••••••• 
Monitoring, analysis 
and reporting ••••••••• 

TDrAL OPERATION AND 
MAINTE~E COST 

C. AMCRTIZATION OF 
INVES'IMENT CCBT 

TCYrAL ANNUAL COST 

FIRST 

$134,500 

141,300 

9,000 

56,960 

56,960 
63,000 

$461,720 

$112,000 
3,700 
2,500 

39,872 
13,851 

21,400 

15,000 

$208,323 

$64,871 

$273,194 

SECCND 

$1,000 

61,000 

12,400 

12,400 

$86,800 

$14,000 

7,000 
8,680 
2,604 

7, 500 

$39,784 

$14,122 

$53,906 

*First level represents the base cost of treatment system. 
other levels represent the incremental cost above base costo 
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TABLE 11-10 MOIEL PIAN!' TREA'IMENT CCSTS 
============================================================================== 

Subcategory CHLORINE Mercury cell 

Production 191,000 metric tons per year 
545 metric tons per day 

Waste water flow · 910 cubic meters per day. 

(210,577 tons per year) 
(601 tons per day) 

\ 

---------------------------------------------~--------------------------------

A. INVES'IMENT CCST 

Construction ••••••••• 
Equipnent in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipnent 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land •••••••••••••••••• 

TOI'AL INVES'IMENT CCET 

B. OPERATION AND 
MAINTENAN::E CCST 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual \\aSte 
disposal •••••••••••••• 
Monitoring, analysis 
and reporting ••••••••• 

TOI'AL OPERATION AND 
MAINTENAN:E CCST 

C. AMORTIZATION OF 
INVES'IMENT CCST 

TOI'AL ANNUAL CCST 

LEVEL OF 'IREA'IMENT* 

FIRST 

$257,700 

213,200 

9,000 

95,980 

95,980 
123,000 

$794,860 

$112,000 
6,400 
5,000 

67,186 
23,845 

42,600 

15,000 

$272,031 

$109,311 

$381,342 

SECGJD 

$2;ooo 

115,000 

23,400 

23,400 

$163,800 

$14,000 

14,000 
16,380 

4,914 

7, 500 

$56,794 

$26,650 

$83,444 

*First level represents the base cost of treatment system. 
Other levels represent the incremental cost above base cost. 
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TABLE ll-llo MJDEL PLANT UNrr TR@.'IMENT COsrS 
- ---=========================================================== 

Subcategory CHLORINE Mercury cell 

Annual Treatment Costs ($/kkg) 

LEVEL OF TRFA'IMENI' 

COST ITEM PRODUCTION FLOW FIRST SECOND* THIRD FOURTH 
(kkg/yr) (m3 /day) 

Annual Operation 
and Maintenance 19,100 91 8. 21 1.35 _Not Applicable 

95,500 455 2.18 0.42 
191,000 910 1.42 0.30 

Annual 
Amortization 19,100 91 1.50 0.18 

95,500 455 0.68 0.15 
191,000 910 0.57 0.14 

Total Cost 19,100 91 9.71 1.53 
95,500 455 2.86 0.56 

191,000 910 2.00 0.44 

-------------------------------------------------------------------------------
* = These costs are incremental to first level costs. 
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TABLE 11-12. EBriMATED CHEMICAL DECHLORINATION COBrS FOR THE CHLOR-ALKALI 
INDUsrRY 

SUECATEOORY CHLORINE (MERCURY CELL} 

Chlorme Production (kkg/yr) 19,100 31,850 191,000 

A. INVES'IMENT cosr 

Oonstructton ••••••••••• $3,000 $5,000 $10,000 
Equipnent .in place, 
.including pipmg, 
fittmgs, electrical 
"li'.Drk and controls •••••• 20,100 35,000 50,000 
.M:mitormg equipnent 
in place •..•.••...••••. 
Engmeering design 
and inspection ••••••••• 4,600 8,000 12,000 
Incidentals, overhead, 
fees, oontmgencies •••• 4,600 8,000 12,000 
land. 0 ••••••••••••• 0 ••• 

------- ------ ------
TOrAL INVESIMENT cosr $32,200 $56,000. $84,000 

B. OPERATING AND 
MAINTENANCE COsr 

Iaror and supervision •• 14,000 26,000 28,000 
&lergy •••••...••••••••• 500 659 1,220 
Chemicals (802) •••••••• 1,500 2,000 15,000 
1'1aintenance •••••••••••• 3,220 5,600 8,400 ~ 

Taxes and .insurance •••• 966 1,680 2,520 
Residual vvaste 
dis ];X:> sal. • . . . . . • • • • • . . . 
.Monitormg, analysis, 
and report.lng •••••••• ~. 7,50Q 7,500 7,500 

' ------- ------- -------
TOTAL OPERATING AND 
MAINTENANCE COBr $27,686 $43,439 $62,640 

c. AMJID'IZATION OF 
INVESTMENT COST $5,239 $ 9,111 $13,660 

TOTAL ANNUAL cosr $32,925 $52,550 $76,300 

COST PER KKG OF 
PRODUCT (Dollars) 1.72 1.65 0.40 
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limitations based on available long-term monitoring data. Tab1e 
11-13 presents data from eleven mercury cell plants, seven of 
which are meeting the 30-day average limitations. The other 
four plants have mercury control technology installed but are 
not meeting BPT limits. 

Flow- Basis 

The existing regulations contained only load limitations, 
kg/kkg, ~nd no flow basis or concentration limit was provided. 
But the regulations did consider the inclusion of noncontact 
cooling water in determining discharge load limitations. 

11.7.2 Basis for Proposed BAT Effluent Limitations 

The original BAT limitations for this subcategory required 
zero discharge of process waste water pollutants. These 
regulations were remanded and are not in effect. The proposed 
regulations allow for the discharge of process waste water 
following treatment. 

Technology Basis 

Utilizing the cost estimates presented in this report, the 
Agency has analyzed the cost effectiveness of Level 1 and Level 
2 treatment options for pollutant removal. The economic impact 
on the mercury cell chlorine subcategory has been evaluated in 
considering the technology basis for proposed BAT limitations. 

For BAT, the Agency is proposing limitations based on BPT 
technology (Level 1) with the addition of dechlorination. 
Dechlorination is being included in BAT because the toxicity of 
chlorine to aquatic life is well documented (59) and it is a 
pollutant of concern to the Agency. Dechlorination, currently 
practiced at two plants, may be required only at fewer than half 
of the plants in the subcategory because hypochlorite produced 
in tail gas scrubbers is often sold or used in other operations 
whil~ residual chlorine in condensates is usually stripped or 
recovered. Table 11-14 presents residual chlorine discharges at 
plants that have reported the use, sale or treatment of 
chlorine-bearing waste waters. This data indicates that 
dechlorination technology has not been successfully 
implemented. 

The Agency considered the addition of carbon adsorption for 
additional mercury removal but rejected its use because of high 
cost and questionable performance in this industry. 
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TABLE 11-13. .M:ERCURY DISCHARGES FOOM SELECTED CHLOR-.ALKALI MERCURY 
CELL PLANI'S* 

SUBCATEGORY 

Plant 

#343 

#907 

#898 

#195 

#106 

#589 

#299 

#747** 

#317** 

#195** 

#324** 

Average 

0.000025 

0.000020 

0.000060 

0.000040 

0.000065 

0.000055 

0.000040 

0.000055 

0.000006 

0.000022 

0.00086 

* See Reference 3 

CHLORINE (MERCURY CELL) 

Mercury waste Locid (kg/kkg) 

Daily Max.llnum Maximum 30-day Average 

0.00094 0.00029 

0.00026 0.000030 

0.0025 0.00043 

0.00073 0.00015 

0.00022 0.000096 

0.00086 0.00049 

0.00019 0.000056 

0.000083 0.000065 

0.000048 0.000010 

0.00066 0.00010 

0.0022 0.0018 

** From Plant long Tenn Monitoring Data presented in Appendix A. 
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TABLE ll-14. RESIDUAL CHOORINE DISCHARGES AT SEI..E.:TED 
CHIDR-ALKALI PLANTS* 

Chlorine waste I..oad (kg/kkg) 

Plant Average Range 

i 207 0.33 1. 4 maximum 

i 014 0.04 0 to 1.29 

i 819 ND 0.016 to 0.14 

* 747 0.002 0 to 0.006 

* 106 0.001 0 to 0.14 

t 589 0.003 0.001 to 0.011 

t 747* * 0.0025 :NO 

i 324* * 3.72 0.38 to 12.2 

*See Reference 3 
**From Plant I.ong Tenn M::mitoring Data 
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Flow Basis 

The flow basis for BAT limitations is 2.1 m3/kkg based on 
the average of discharge data of 13 plants presented in Table 
11-3 The order of magnitude of this unit flow volume was 
supported by data obtained during sampling visits to five plants 
at which flows rangecl from 0. 5 m3/kkg to 5. 6 m3/kkg with an 
average of 1.7 m3/kKg. 

Selection of Toxic Pollutants to be Regulated 

The selection of pollutants for which specific effluent 
limitations are proposed was based on the evaluation of raw 
waste concentrations found during the sampling program and on 
t'he treatability of toxic pollutants using BAT technology. 

Table 11-15 presents the achievable concentrations of toxic 
pollutants using the BAT technology of sulfide precipitation 
followed by filtration. The concentrations, based on literature 
treatability data presented in Section 8.1 and summarized in 
Table 8-11, reflect the lowest level achievable by this 
technology for arsenic, cadmium, copper, lead, nickel, silver 
and zinc. For antimony, chromium and thallium, literature 
treatability data are not available for this technology. Also 
presented in Table 11-15 are the maximum and average raw waste 
concentrations of toxic pollutants found during the sampling 
program with an indication of the number of plants where the 
treatability concentration was exceeded. 

Based on the occurrence of treatable levels of specific 
toxic metals in raw wastes and the fact that the sulfide 
precipitation technology is already utilized as BPT in the 
chlorine mercury cell subcategory, ar.senic, cadmium, copper, 
lead, nickel, silver and zinc were selected as aclditional toxic 
pollutants proposecl for BAT regulations. Antimony, chromium and 
thallium were included for guidance but no limits are proposed 
because concentrations found in the raw waste load were below 
treatable levels. 

Basis of Pollutant Limitations 

Limitations are presented as both concentrations (mg/l) and 
loads (kg/kkg) for each pollutant. The relationship between the 
two is based on the unit flow rate. Although actual unit flow 
rates at plants vary by an order of magnitude due to such 
factors as raw materials and plant control practices, the Agency 
has determined that the load limitations can be met by well
operated treatment facilities. The concentration or quality 
limits are included below. 

BAT proposed limitations are presented in Table 11-16. 
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'Ji'ABLE 11-15. CCMPARIOON OF RAW WAsrE CO:N::ENTRATIONS OF TOXIC roLLUTANTS 
WITH TRFATABILrrY 

SUECATEOORY CHLORINE (MERCURY CELL) 

.Maximum Average of Number Plants out 
Treatability(l) of Five Pollutant Plant 5 Plants EXceeding 

Average Treatability 
(mg/1) (rng/1) (rng/1) Level 

Ant:i.rrony 
(2) 

0.49 < 0.28 
(2) 

Arsenic 0.05 0.33 0.14 3 

cadmium 0.01 0.46 0.11 3 

Chrcmium 
(2) 

0.12 0.075 (2) 

Copper 0.05 1.2 0.41 5 

Lead 0.10 1.4 0.40 3 

Nickel 0.05 1.4 0.35 2 

Silver 0.05 0.58 0.15 2 

Thallium 
(2) 

0.38 0.17 
(2) 

Z:inc 0.20 20 4.4 4 

(1) Literature-based treatability estimates from Section 8.1. Table 8-11, 
given as the lo~ limit of treatability expressed as a 30-da.y average. 

(2) No data available on treatability with sulfide/filter. 
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TABLE 11-16. PBO:roSED Lll4!'1M'IONS 

Chlorine - t-1ercu.ry Cell 
Best Available Technology 

raste W:l.ter Flow: 
3 

2&l·I'l·/kkg 

SUOCATEGORY CHLORINE .MERalRY CELL 

SUJ:x:ategory Concentration Basis Effluent Limit 
Perfo:t:!Tai'lCe 

VFR{l) Max (m;J/1) ~ {kg/kkg) 
Pollutant (mg/1) 30-day 24-l'Dur day 24-lDur 

avg. nax. avg. nax. 

Nona:>nventional Pollutants: 

Total Residual 
Chlorine(6) 0.2 1.7 0.20 0.34 0.00042 0.00071 

Toxic Pollutants 

Antim:lny < 5 > 0.23 (3 ) 2.2 0.23 0.51 - (4) (4) 

Arsenic<5> 0.10(3) 2.2 0.10 0.22 0.00021 0.00046 

Cadmium( 5) 0.050(3) 2.2 0.050 O.l.J; 0.00011 0.00024 

Chl:anium { 5) 0.040 {3) 2.2 0.040 0.088 - (4) _(4) 

COPI_:er{ 5) 0.050 {2) 2.2 0.050 0.11 0.00011 0.00024 

lead (5) 0.16 <3> 2.2 0.16 0.35 0.00034 0.00075 

Mercury (5) 0.020 (2} 2.2' 0.048 0.10 0.00010 0.00022 

Nickel(5} 0.10 {2} 2.2 0.10 0.22 0.00021 0.00046 

silverC5> 0.070(3) 2.2 0.070 0.15 0.00015 0.00032 

Thallium<5> 0.17 {3 ) 2.2 0.17 0.37 -- {4) - {4} 

Zinc {5) 0.15(J) 2.2 0.~5 0.33 0.00032 0.00070 

(1) VFR, the variability factor ratio, is tba ratio of tba variability factor 
for daily measuranents to the variability factor for 30-day average. 

(2) IDw:!r l:imit of treatability for sulfide/filter techoology acx:ording to 
literatu:re treatability data (Table 8-11). 

{3) Average effluent concentration fran verification sampl.in;. 

(4) No load l:imits proposed; concentration lllllits are provJ.ded for guidance 
purposes. 

(5) Limits are also applicable to PSES and PSNS and NSPS. 

(6) Limits are also applicable to NSPS. 
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Chlorine - Total residual chlorine limits are based on data 
transfer from the utility industry (58) and the detectable 
concentration of chlorine (0.2 mg/1) because treatment should 
remove essentially all chlorine. Thus the maximum 30-day 
average concentration limit was set at 0.20 mg/1. 

The daily maximum limit for total residual chlorine was set 
at 0.34 mg/1 based on an evaluation of long-term monitoring data 
for total residual chlorine as presented in Appendix A (Table A
la and c). The ratio of 24-hour maximum variability factors to 
30-day average variability factors for two plants was 1.7, thus: 

VFR = 2.28 = 1.7 
1.38 

( 
0. 20 mg/ 1 '\ ( 1. 7 '\ = 0 • 3 4 mg/ 1 

30-day average limit) 24-hour maximum limit) 

The determination of load limitations for total residual 
chlorine (kg/kkg) was calculated based on the unit flow rate of 
2.1 m3/kkg, thus: 

(0.20 mg/1) (2.1 m3/kkg) (kg/m) = ·0.00042 kJ/kkg 
JOOO mg 1 

for the 30-day average limit. 
calculated similarly, i.e., 

The 24-hour maximum limit was 

(0.34 mg/1) (2.1 m3/kkg)( kg/m3 )= 0.00071 kg/kkg 
· 1000 mg/1 

Mercury The proposed BAT limitations for mercury, 
although based on the same technology, are more str'ingent than 
BPT limitations. Dechlorination does not affect mercury 
removal. The Agency considered the following data 1n 
establishing the BAT limits of 0.00010 kg/kkg for a maximum 30-
day average. · 

" o Half of the ·plants with monitoring data presented in 
Table ll-13'are meeting the limits. 

o Three of five plants were meeting the limits during 
sampling of their wastes. 

o Three of four plants with long-term monitoring. data 
presented in Appendix A are meeting the limits. 

The daily maximum limit of 0.00022 kg/kkg for mercury was 
based on an evaluation of long term monitoring data from four 
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plants presented in Appendix A. The average variability factor 
ratio for the four plants was 2.2. Thus: 

(0.00010 kg/kkg) {2.2) = 0.00022 kg/kkg 

The concentration limitations for mercury were then 
calculated based on the unit flow rate of 2.1 m3/kkg. That is: 

(0.00010 kg/kkg) 
( 1000 mg/1) 

kg/m3 
(2.1 m3/kkg) = 0.048 mg/1 

and (2.2) (0.048 mg/1) = 0.11 mg/1 

respectively for the maximum 30-day average and 24-hour maximum. 

Additional Toxic Pollutants - The effluent limitations 
proposed for the selected additional toxic pollutants were 
derived from two sources of information; sampling data and 
literature-based treatability estimates. Dechlorination does 
n'ot affect toxic metals removal. 

The results of analysis of treated effluent represents 
plant performance observed during three days of sampling. The 
effluent data for toxic pollutants found above treatable 
concentations in raw wastes are summarized in Table 11-17. Data 
are presented from four plants practicing BPT technology 
(sulfide precipitation followed by filtration). Sampling data 
for the fifth plant, :f.299, reflect effluent quality prior to 
filtration. 

It is apparent from the sampling data that the BAT 
technology systems are generally achieving higher quality 
effluents than treatability literature indicates. This could be 
a reflection of low influent concentrations and incidental 
removal of metals, which indicate that applying effluent 
limitations to a dominant · metal pollutant (mercury) assures 
effective control of other metals. 

The concentration bases for the proposed limitations are 
derived from average effluent sampling unless the observed 
concentration was below the literature treatability level. In 
such cases the lowest applicable treatability level from Table 
8-11 was used. Because long-term monitoring data from mercury 
cell chlorine plant ~ffluents was not available for these 
metals, the variability factor ratio established for mercury 
limits (2.2) was also applied to these metals. The VFR used in 
the existing regulations (2) agrees with this. 

A. 
(Table 

Arsenic: Because the sampling data from five pla:r"-s 
11-17) indicated an achievable average arsenic 
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TABLE 11-17. EFFLUENT OON:!ENTRATIONS OF 'IOXIC :OOLLUTANTS 
FroM VERIFICATION SAMPLING 

SOOCAT.EX;ORY CHLORINE (r-1ERCUR~ C:EU-') 

Plant Ef;Eluent Concentrations Treatability(!) (rrg/1) 
Pollutant p (mg/1) 

#299 #747 #317 #106 #167 Avg. 

Antirrony 0.15 <0.25 <0.25 <0.45 <0.065 <0.23 {2) 

Arsenic 0.063 <G.OlO 0.020 <0.005 -0.38 <0.096 0.05 

Cadmium 0.073 0.120 <0.025 0.016 0.010 <0.050 0.01 

Chromium <0.06 <0.05 <0.05 <0.01 <0.050 <0.044 (2) 

Copper 0.038 <0.025 <0.030 0.043 <0.025 <0.033 0.05 

Lead <0.050 0.073 0.170 0.38 0.12 <0.16 0.10 
Mercpry 0.029 0.10 0.19 <0.0005 0.32 <0.13 0.01 
Nickel <0.050 <0.050 <0.067 0.140 <0.050 <0.074 0.10 

Silver <0.015 <O.dl5 <0.015 0.260 <0.015 <0.067 0.05 

Thallium 0.20 <0.045 <0.25 0.26 0.090 <0.17 {2) 

Z:inc 0.100 <0.025 0.510 0.088 <0.025 <0.15 0.02 

(1) ID~ limit from literature-based treatability estimates f:ram Section 8.1. 

(2) No data available for treatability with sulfide/filter. 
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concentration of less than 0.096 mg/1, this value, rounded to 
0.10 mg/1, is supported by the estimated range of treatability 
from Table 8-11 and was selected in the concentration basis for 
the proposed maximum 30-day average limitation. This effluent 
limitation is: · 

(0.10 mg/1} (2.1 m3/kkg}( kg/m3 ) = 0.00021 kg/kkg 
1000 mg/1 

and the proposed daily maximum arsenic limitation is obtained by 
applying the VFR value of 2.2 that is: 

(2.2} (0.00021 kg/kkg} = 0.00046 kg/kkg 

B. Cadmium: For cadmium, the plant sampling data 
indicated an achievable average concentration of less than 0.050 
mg/1 in the sulf ide/filter treated effluent. This falls well 
within the range of published treatability values (Table 8-11} 
and was used as the concentration basis for the proposed 30-day 
average effluent limitations. Thus: · 

I 

{0.050 mg/1} (2.1 m3/kkg} ( kg/m3 ) = 0.00011 kg/kkg 
1000 mg/1 

for the maximum 30-day average and using the VFR value of 2.2, 
the proposed daily maximum is: 

(2.2) {0.00011 kg/kkg} = 0.00024 kg/kkq 

c. Copper: In the case of copper, the average plant 
performance derived from sampling data (Table 11-17} showed an 
effluent concentration of less than 0.033 mq/1 which is slightly 
below the accepted lower limit of treatability based on 
literature data. The latter is approximately 0.050 mg/1 ano was 
selected as the concentration basis for the proposed maximum 30-
day average limitation on copper. Thus: 

{0.050 mg/1) (2.1 m3/kkg) ( kg/m3 ) = 
1000 mg/1 

0.00011 kg/kkg 

and the proposed daily maximum limitation is obtained by 
applying the VFR value of 2.2, that is: 

(2.2) (0.00011 kg/kkg) = 0.00024 kg/kkg 

D. Lead: The proposed maximum 30-day average limitation 
for lead is based on sampl,ing data shown in Table 11-17 which 
indicate and achievalbe effluent concentration of less than 0.16 
mg/1. Thus: 
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(0.16 mg/1) (2.1 m3/kkg) ( kg/m3 ) 
1000 mg/1 

= 0.00034 kg/kkg 

and, applying the VFR value of 2.2, the proposed daily maximum 
limitation is: 

(2.2) (0.00034 kg/kkg) = 0.00075 kg/kkg 

E. Nickel: The average plant effluent concentration of 
less than 0. 07 4 mg/1 of nickel is slightly less than the 
accepted lower limit of treatability ( 0 .10 mg/1) based on 
literature data. This lower limit of 0.10 mg/1 was selected as 
the concentration basis for the proposed maximum 30-day average 
limitation for nickel. Thus: 

• 
(0.10 mg/1) (2.1 m3/kkg) ( kg/m3 ) 

1000 mg/1 
= 0.0021 kg/kkg 

and the proposed daily maximum limitation is obtained by 
applying the VFR value of 2.2, that is: 

(2.2) (0.00021 kg/kkg) = 0.00046 kg/kkg 

F. Silver: For silver, the average effluent data 
indicated an achievable concentration of less than 0.067 mg/1. 
This is within the range of published treatability values (Table 
8-11) and is used as the concentration basis for khe proposed 
30-day average effluent limitation. Thus: 

(0.067 mg/1) (2.1 m3/kkg) ( kg/m3 \ = 
1000 mg/i) 

0.00014 kg/kkg 

and the proposed daily maximum limitation derived from the VFR 
value is 2.2 is: 

(2.2) (0.00014 kg/kkg) = 0.00031 kg/kkg 

G. Zinc: The average plant effluent for zinc is less than 
0.15 mg/1. This is greater than the accepted lower limit of 
treatability which is approximately 0. 02 mg/1. The observed 
performance level of 0.15 mg/1 is used as the concentration 
basis for the proposed maximum 30-day average limitation of 
zinc. Thus: 

(0.15 mg/1) (2.1 m3/kkg)( kg/m3 ) 
1000 mg/1 

= 0.00032 kg/kkg 

and the proposed daily maximum limitation is obtained by 
applying the VFR value of 2.2, that is: 
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(2.2) (0.00032) = 0.00070 kg/kkg 

H. Antimony and Thallium: The sampling data indicate an 
average effluent concentration of less than 0.23 mg/1 antimony 
and less than 0.17 mg/1 thallium. These relatively high 
concentrations are the result of analytical difficulties \fi th 
some samples which gave high "less than". results.: Because of 
this and the fact that no data are available for the 
treatability of antimony or thallium with sulfide/filter, these 
concentrations are being offered as 30-day average maximum 
limitations for guidance purposes only. 

I. Chromium: The sampling data indicate that plants are 
achieving effluent concentrations of less than 0.~44 mg/1 
chromium. Because no data is available for the treatability of 
chromium with sulfide/filter, this concentration is used as the 
basis for the proposed maximum 30-day average limitation. Since 
there is no treatability data, the limitation is b~ing offered 
as guidance and no load limitations (kg/kkg) are presented. 

llo7a3 Basis for Proposed BCT Effluent Limitations 

The BCT limitation (applicable only to TSS) was set equal 
to BPT because the treatment technology for BAT is the same as 
for BPT except for dechlorination. Dechlorination does not 
affect conventional pollutants. 

11.7.4 Basis for New Source Performance Standards 

For NSPS, the Agency is proposing limitations equal to BPT 
for TSS and BAT for other,pollutants because of the prohibitive 
cost of additional technology. Pollutants to be limited are pH, 
TSS, mercury, arsenic, cadmium, copper, lead, nickel, silver, 
zinc and total residual chlorine. 

11.7.5 Basis for Proposed Pretreatment Standards 

For pretreatment standard~ for new and existing sources, 
the Agency is proposing limitations based on BAT technology 
excluding dechlorination. ·Dechlorination is unnecessary for 
discharges to POTWs because chlorination of influent to 
treatment works is common. Pollutants to be limited are pH, 
mercury, arsenic, cadmium, copper, lead, nickel, silver and 
zinc. 
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11.8 DIAPHRAGM CELL PROCESS INDUSTRY PROFILE 

11.8.1 General Description 

Approximately 65 percent of the u.s. production of chlorine 
is by diaphragm cell ,plants. Of 40 known plants, 308 data are 
available for 19. Table 11-18 presents a summary profile of the 
subcategory. Table 11;-19 presents the current status of 
discharge regulations for diaphragm cell chlorine plants. 

11.8.2 General Process Description 

Brine System 

As in the mercury cell process, the sodjum chloride 
solution (brine or salt dissolved in water} is purified before 
it is sent to the electrolytic cells. Precipitation of major 
impurities with sodium carbonate and sodium hydroxide followed 
by clarification generates a brine mud waste which is then sent 
to a lagoon or filtered. The settled brine is saturated further 
by the addition of salt from caustic evaporators and then is 
sent to the cells. 

The fundamental difference between diaphragm and mercury 
cell brine systems is that unconverted sodium chloride in 
diaphragm cell processes is carried with the sodium hydroxide 
(caustic} from the cell and is then removed as a solid in 
caustic evaporators. In mercury cells the unconverted sodium 
chloride is discharged as a spent brine from the cell and 
recycled directly through the brine system. 

Diaphragm Cell 

The treated brine solution is electrolyzed in the diaphragm 
cell to form chlorine, hydrogen, and sodium hydroxide according 
to the reaction: 

2NaCl + 2H20 = Cl2 + 2Na0H + H2 

The diaphragm cell contains a porous asbestos diaphragm 
separating the anode from the cathode. Chlorine is liberated at 
the anode and hydrogen and hydroxyl ions (caustic} are produced 
at the cathode. In the past, the predominant material used for 
anodes was graphite with lead used to provide an electrical 
contact and support. The lead was joined to the graphite anode 
by an organic binder. In recent years, many graphite anodes 
have been replaced by stabilized metal anodes made of titanium 
with a platinum or ruthenium oxide coating. (An industry 
association. estimate is that approximately 49 percent of U.S. 
diaphragm cell capacity still involves graphite anodes.} The 
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TABLE 11-18. SUBCA'I'EX'DRY PROFILE DATA SUMMARY 

SUBCATEOORY CHWRINE (DIAPHRAGM CELL) 

'Ibtal subcategory capacity rate 

'Ibtal subcategory production rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing production 

Plant production range: 

M.in:imum 

Maxllnum 

Average production 

Median production 

Average capacity utilization 

Plant age range: 

Minimum 

Max:i.mum 

Waste water flow range: 

Min.:inn.lm 

Maxirm.:mt 

Volume per unit product: 

Min.:inn.lm 

Maximum 

8,272,600 kkg/year 

6,427,000 kkg/year 

40 

19 

6,397,000 kkg/year 

4,200,000 kkg/year 

77 :percent 

66 percent 

14,700 kkg/year 

1,500,000 kkg/year 

221,000 kkg/year 

103,000 kkg/year 

67 percent 

4 years 

74 years 

1,100 cubic meters/day 

7,100 cubic meters/day 

1 cubic meters/kkg 

23 cubic meters/kkg 

Sources of data are Stanford Research Institute, Directory of Chanica! 
Pl:oduCers, U.SoA., 1977, U.S. Department of Ccmnerce, CUrrent Industrial 
Reports, Decanber 1977; Energy and Environmental Analysis, Inc.; Draft 
Report, "Preliminary Econanic Assessrent of Effluent Limitations in the 
In:>rgan:ic Chemical Industry,." June, 1978 and "Economic Analysis of Pro:posed 

Revised Effluent Guidelines and Standards for the Inorganic Chemicals Industry," 
March, 1980. 
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TABLE 11-19. STATUS OF REGULATIONS - EFFLUENT LIMITATION GUIDELINES 

SUBCATEGORY CHLORINE (DIAPHRAGM CELL) 

SUBPARr F (40 CFR 415.60, 3/12/74) 

STANDARDS 

BPCI'CA BATEA NSPS 
Max.l Avg. 2 Max. Avg. Max. Avg. 

Product Para- kg/kkg kg/kkg _kg/kkg kg/kkg kg/kkg kg/kkg 
Process meters (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) 

Diafhragm TSS 0.64 0.32 No oischarge 0.64 0.32 
Cell of J:M1WP 
Process 

Pb 0.005 0.0025 No discharge 0.00008 0.00004 
of :tmWf> 

* Section 415.63 was remanded and is presently reserved (41 FR 51601, 
Noverrber 23, 1976). 

~- = Ma.ximun1 of any one day. 

2Avg. = Haximum of daily values for thirty consecutive days. 

3
J;MWP = Process waste water r:ollutant. 
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advantages of using metal anodes compared to graphite anodes are 
increased power efficiency of the cells, longer anode life and a 
reduction in potential pollutant loads of lead and chlorinated 
organics. 

Product Purification 

As with mercury cell plants, chlorine liberated at the 
anode must be cooled and dried to remove moisture and other 
impurities. The cooling generates a chlorine condensate stream 
which can be stripped to recover chlorine then returned to the 
brine system or discharged. Drying the chlorine gas is 
accomplished by scrubbing with sulfuric acid. The resulting 
diluted acid can subsequently be regenerated, sold or used for 
pH control. When the chlorine gas is compressed and liquified, 
noncondensible gases known as tail or sniff gases remain. These 
are usually scrubbed with caustic soda or lime generating a 
hypochlorite solution which can be sold, used on-site or 
discharged, with or without decomposition or treatment. 

The sodium hydroxide or caustic from,the diaphragm cell has 
a concentration of about 14 percent NaOH and a sodium chloride 
content as high as 17 percent. The caustic is usually filtered 
to remove some of the impurities and then evaporated to 50 
percent NaOH by multiple effect evaporators. Sodium chloride 
remains as a solid salt which is then returned to the brine 
system. Further purification of the caustic is necessary for 
some applications (such as rayon production) and extraction or 
adsorption techniques have been used to remove small amounts of 
impurities. The caustic can be evaporated further if more 
concentrated products are required. The vapor evolved from the 
last of multiple effect evaporators is condensed in barometric 
condensers generating contact cooling water, or in surface 
condensers using noncontact cooling water. 

The hydrogen gas gene~ated in the process can be vented or 
cooled by refrigeration to remove water vapor before sale or use 
as a fuel. 

Figure 11-14 is a general flow diagram for the manufacture 
of chlorine by the diaphragm cell process. 

11.9 WATER USE AND WASTE WATER SOURCES 

11.9.1 Water Use 

Water use at diaphragm cell plants is similar to that at 
mercury cell plants with one exception. Common uses include 
noncontact cooling, tail gas scrubbers, cell wash, equipment 
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maintenance, floor washings and filter backwashing. The 
exception at diaphragm cell plants is the use of wate'r for 
barometric condensers in the evaporation of caustic. 

11.9.2 Waste Sources 

Brine Mud 

As with mercury cells, this is the waste produced during 
purification of brine before it is introduced into the cells for 
electrolysis. It consists of precipitated hydroxides and 
carbonates of calcium, magnesium, iron, and other metals. The 
mud can be a major source of solid waste depending on, the purity 
of the raw salt used. At diaphragm cell plants brine muds are 
filtered or settled in lagoons. The solids are landfilled and 
the filtrate or overflow is discharged or recycled to the brine 
system. 

Brine mud is the major source of solid waste at chlorine 
plants, and discharges range from 0.04 to 1.5 cubic meters per 
metric ton (m3/kkg), with a solids content of from two to 20 
percent. 

Cell Room Wastes 

These wastes include leaks, spills, area washdown and cell 
wash waters. At diaphragm cell plants cell wash waters are 
heavily laden with asbestos and are therefore settled and/or 
filtered before chemical treatment or discharge. At plants 
using graphite anodes in the cells, the cell room wastes also 
contain lead. Data from diaphragm cell plants indicate a waste 
flow from 0.02 to 1.2 m3/kkg from cell room operations. 

Chlorine Cooling Condensate 

Condensation from the indirect cooling of cell gas is 
contaminated with chlorine. The chlorine is removed (stripped) 
or recovered from the stream before discharge or recycle. 
Condensate flows from three plants range from 0.16 to 0. 9 
m3/kkg. 

Spent Sulfuric Acid 

Concentrated sulfuric acid is used to dry chlorine gas 
after the first stage of cooling. Once diluted to 50 to 70 
percen~, the spent acid can be regenerated, sold or used for pH 
control. 
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Tail Gas Scrubber Liquid 

The uncondensed chlorine gas from the liquefaction stage is 
scrubbed with sodium or calcium hydroxide producing the 
corresponding hypochlorite. The hypochlorite can be used in 
other processes, sold, decomposed, or discharged. The amount of 
tail gas scrubber water generated at diaphragm cell plants 
ranges from 0.1 to 0.29 m3/kkg. 

Filter Backwashes 

Backwashing of filters used to treat brine before it is 
sent to the cells at one graphite anode diaphragm cell plant 
generated a waste water flow of 0. 45 m3/kkg. Backwashing of 
filters used to clarify caustic product at the same plant 
resulted in an average flow of 5.4 m3/kkg. At some diaphragm 
cell plants these waste waters are partially recycled to 
process. 

The relatively high flow of caustic filter backwash is due 
to the need to remove sodium sulfate, an impurity in the 
caustic. Sulfate ions, if allowed to accumulate in the brine 
system at graphite anode plants will interfere with cell 
performance. 

Hydrogen Condensate 

Cooling of hydrogen gas for use or sale produces a 
condensate stream which can be discharged. Although no data are 
available on the volume of this flow, it is small. 

Barometric Condenser Waste Water 

When vapors from caustic evaporators are contact-cooled, a 
significant amount of waste water can be generated. Flows of 
from 90 to 300 m3/kkg have been reported at facilities where 
barometric condenser water is "once through" and not 
recirculated. Recirculation of barometric condenser water 
requires a cooling step and a blowdown discharge. A number of 
fac11ities are accomplishing this with a corresponding reduction 
in water use. The necessary blowdown of recirculating 
barometric condenser waste water at two plants ranges from a 
flow of 0.82 m3/kkg to o:s9 m3/kkg. 

Summary of Waste Water Flows 

Table 11-20 summarizes unit waste water flow data available 
by specific sources. A separate list of flows at one graphite 
anode plant is presented to compare waste water generation 
between ~etal anode and graphite anode plants. 

212 



TABLE 11-20. WASTE WATER FLOWS AT DIAPHRAG1 CELL CHLORINE PLANTS 

Flow (m3jkkg) 
Stream Description Plants with Plant with 

Metal Anodes Graphite Anode 

min. avg. max. 

Cell room wastes 0.02 0.38 0.67 1.2 
and cell wash 

Chlorine Condensate 0.16 0.49 0.90 0.78 

Spent Sulfuric Acid 0.01 NA 

Tail Gas Scrubber 0.10 0.17 0.29 0.11 

Caustic Filter Wash NA 5.4 

Brine Filter Backwash NA 0.45 

Caustic Cooling Blowdown 0.82 0.86 0.89 NA 

Brine Mud 0.04 0.42 1.5 NA 

NA: Not Available 
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11.10 DESCRIPTIONS OF SPECIFIC PLANTS 

The following descriptions of plants includes those plants 
that were sampled during the screening and verification program. 
The discussion primarily covers plant practices in waste water 
control and treatment. Plants were selected for screening and 
verification sampling because they were representative of the 
industry in that they included a wide range of sizes and 
variation in process detail. 

11.10.1 Screening 

At Plant ¥014, visited during the screening program, the 
chlorine condensate is stripped with steam to remove and recover 
chlorine. Brine precipitates (muds) are land disposed, while 
the spent sulfuric acid and scrubber solutions are used at an 
adjacent plant. The condensate from the hydrogen cooler is used 
as makeup water for a cooling tower system, and the condensate 
from the evaporative concentration of sodium hydroxide is used 
to dissolve salt reclaimed from the concentration process. The 
cell washings are sent to a collection pond where asbestos and 
other suspended solids are removed. In Figure 11-15 the general 
process flow sheet is presented. The waste streams sampled and 
their waste loadings are presented in Table 11-21. 

11.10.2 Verification 

Four plants were visited and their waste streams sampled 
during the verification program. The results of analysis of the 
waste waters are presented in Table 11-21. 

At Plant #261, the cathode wash water is passed through a 
filter and the asbestos drummed and disposed of in an off-site 
landfill, while the filtrate goes to the sewer. Brine 
purification muds at this facility are utilized for their 
alkalinity on-site and then they are settled prior to discharge 
of the supernatant. Spent sulfuric acid is used for 
neutralization of waste waters. Dechlorination of the drying 
acid by reaction with sodium bisulfite is planned in the near 
future. Figure 11-16 shows the process flow diagram and 
sampling points. 

Plant 1738 has two production lines, 738A and 738B, that 
are almost identical. At the new plant (738B) the NaOH is not 
concentrated nor is the waste from the chlorine disposal system 
scrubbed. In addition, the inert gases from the liquefaction 
step are put through the chlorine disposal system. The process 
flow sheets are shown in Figures 11-17 and 11-18. 
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TABLE 11-21. POLLurANT (X)NCENTRATIONS AND LOADS AT 
SCREENING ~ VP'4UFICATION PLANTS 

SU!3Cl\'I~GOI"..Y CRf...O~llrr! DL'\PHRA0:'-1. CELL 

Plant & 
Stream Stream TSS Lead 

No. Description (rrg/1) (kg/kkg) (rrg/1) (kg/kkg) 

#014 

3 C12 condensate .2 1.4 X 10-3 0.0055 5.oxlo-6 

4 Cell,wash 1600 2.4 x 10-2 0.26 3.9xlo-6 

5 Brine mud NA NA 0.72 1.3xlo-5 

6 Bar. condenser 7 3.6 0.005 1.5xlo-3 

#261 
3.oxlo-4 1 Brine mud NA NA 0.36 

2 Cell wash 4800 1.8 X 10-l 2.0 7.6xlo-5 

3 ASbestos filtrate 9 NA 0.075 NA 

4 Filter cake NA NA 42 NA 

5 Bar. condenser 6 NA < 0.010 NA 

#738Al Cell room waste 27 1.4 X 10-3 0.077 3.9xl0-6 

2 Asbestos wash 57 7.0 X 10-3 0.031 3.8Xl0-6 

3 Hypo scrubber 290 2.7 x lo-2 0.18 1. 7xlo-5 

4 C12 cooling water 35 2.2 x lo-1 0.28 1.3xlo-4 

5 Caustic cooling 48 4.3 x lo-2 0.51 4.5xlo-4 
tower 

=lf:738B6 Cell room waste 95 4.5 x lo-3 0.067 3.2xlo-6 

7 Asbestos wash 72 8.3 X 10-3 0.13 1.5xlo-5 

8 Hypo scrubber 160 1.4 X 10-2 0.20 1. 7xlo-5 

9 C12 cooling water 20 1. 7 x lo-2 0.20 1. 7xlo-5 
. 

3.8 X 10-3 < a.2x1o-6 10 Caustic cooling 4.7 < 0.010 
~tower 

7.o x lo-3 < 2.3xlo-6 11 Chlorate sump 32. < 0.010 

12 Plant effluent(B) 63 5.7 x lo-1 0.12 l.lXlo-3 

13 Final effluent 58 NA 0.078 NA 
(Total) 

14 Brine mud 270 NA 0.10 NA 

(Continued) 
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TABLE 11-21 (continued) 

Plant & Stream TSS Lead 
Stream No. Description (mg/1) (kg/kkg) (rng/1) (kg/kkg) 

#736 
6.0 X 10-2 9.lxlo-6 1 Cell wash 934 0.014 

2 Cell rcxxn drain 283.5 4.6 x lo-3 0.17 ·2.ax1o-6 

3 Brine mud 20,000 33 0.019 3.lxlo-5 

4 50% Bar. condenser 32 NA 0.010 NA 

5 70% Bar. condenser 21 NA 0.010 NA 

6 95% Bar. condenser 90.33 NA 0.010 NA 

7 # Chlorine condensate 2.4 3.9 x lo-4 0.010 1.6xlo-6 

#9671 Cell bldg wastes 1000 1.8 x lo-1 680 1.2x1o-1 

2 Lead pond effluent 54 3.0 X 10-2 29 1.6xlo-2 

3 caustic backwash ' 160 8.6 x lo-1 0.32 1. 7xlo-3 

4 Brine backwash 13,000 5.8 0.52 2.3xlo-4 

5 Cell wash 310 5.6 X 10-2 48 a.6xlo-3 

6 Condensate and H2so4 1100 8.7 x 10-1 0.92 7.3xlo-4 

7 Scrubber waste 270 1.2 X 10-2 0.67 2.9xlo-5 

NA: Not Available 
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Plant #736 has installed demisters to control the vapors 
evolved from the last stage of the evaporator during the 
concentration of caustic soda. In this treatment, the steam 
evolved from the concentration of cell liquors passes through 
metal wool filters to reduce entrained solids. The cell room 
washings are sent to a settling chamber and the settled asbestos 
is sent to a landfill. The other waste waters, consisting of 
caustic evaporator washings and wastes from salt separation, 
brine purification operations, and caustic filtration backwash 
waters, are combined and sent to one of two settling ponds. 
Skimming devices on the settling ponds remove any oil that 
separates, while the settled solids in the ponds are dredged and 
disposed of in an abandoned brine well. Figure 11-19 shows the 
process flow diagram and sampling points. 

Plant f.967 uses graphite anodes in its diaphragm cells. 
The cell washings at this plant are sent to an asbestos pond 
that has a continuous cover of water. Periodically, the settled 
solids are removed, sealed in drums and disposed of in a 
landfill. The overflow from the pond is treated with soda ash 
to precipitate lead, and then filtered. Sulfuric acid is used 
to bring the pH down to the 6 to 9 range. Figure 11-20 is a 
general process flow diagram for Plant ¥,967. 

11.10.3 Descriptions of Plants ~ Sampled 

At Plant ¥.999 brine mud and other streams with high 
suspended solids are collected and filtered with leaf filters. 
The cake is disposed of in a landfill and the filtrate returned 
to the brine system. 

At Plant ¥,326, waste water from the diaphragm cell process 
is combined with other process waste waters. The combined waste 
water is sent to two settling tanks in series. In one of the 
settling tanks, skimmers have been installed to remove oil and 
the overflow from the second is filtered before discharge. 

At Plant #589, the brine mud from the clarifier underflow 
is sent to a brine mud settling pond. The overflow, which is 
mostly brine, is returned to the process. The cell room 
washings are sent to a settling pit and the settled asbestos 
fibers are removed by the use of a vacuum truck, and disposed of 
in a landfill. The chlorine from the cells is contact-cooled 
with the tail gas scrubber water. The resulting waste water is 
steam stripped for chlorine recovery before discharge. 

At Plant #741, chlorine, caustic soda, and potassium 
hydroxide are produced using both mercury and diaphragm cells. 
Mercury-bearing effluent at this facility is treated by sulfide 
precipitation. Tail gas absorption wastes are treated by 
catalytic decomposition by a process which consists of scrubbing 
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with caustic soda solution and treating the resulting 
hydrochlorite solution with nickel chloride and iron chloride. 
Consumption of iron and nickel chloride is approximately equal 
and consists of 0.01 kilogram per metric ton of chlorine 
produced. The catalytic decomposition proceeds relatively 
slowly, and wastes are retained in the treatment tanks for 
approximately three days, after which time no residual chlorine 
is reported to be present (3). 

11.10.4 Toxic Pollutant Concentrations 

Analytical Data Base 

Section 5.1.2 of this report describes the methodology of 
the screening and verification sampling program. In the 
chlorine diaphragm cell industry, a total .of 15 days of sampling 
were conducted at Plants :lf014, #261, ¥.738, ¥.967, and :11'736. 
Thirty-seven different sampling points were involved , covering 
various raw waste streams and the treated effluents at these 
p:I.ants. The evaluation of the toxic metal content of these 
process related waste streams was based' on 97 5 analytical data 
points. The sampling for toxic organic pollutants at Plants 
#014 and #967 generated 2300 analytical data points. Analysis 
of waste for asbestos generated ·an additional 13 data points. 

Asbestos 

Asbestos, used as a diaphragm separating the cell anode and 
cathode, is the major toxic pollutant consistently found in 
process waste water from diaphragm cell plants. It occurs 
primarily in wastes resulting from activities such as cell room 
washdown and cell repair and cleaning. 

Table 11-22 presents the ~esults of asbestos determinations 
of supply water and waste waters at three diaphragm,cell plants. 
Results are expressed as total fibers per liter (in millions) as 
well as crisotile and amphibole fibers per liter. 

There ar.e no standardized analytical techniques and no 
definition of asbestos in water. Because of this, EPA is 
excluding limitations for asbestos from these proposed 
regulations and deferring regulation to a later date. 

Toxic Metals 

Table 11-23 presents maximum daily concentrations of toxic 
metals found in raw waste samples during the screening and 
verification of diaphragm cell chlorine plants. Maximum 
concentrations observed at one graphite anode plant are 
presented separately. It is clear that except for lead, toxic 
metals concentrations at the graphite anode plant are 

224 



-TABLE 11-22. RESULTS OF ASBES'IDS SAMPLING AT DIAPHRAGM CELL PI.ANTS 

Total Asbestos Chrisotile Amphil:x>le 
Plant Stream Filiers (MFL) * MFL MFL 

#261 SUpply 8.0 7.5 0.4 

Cell wash 2.1 X 108 2.1 X 108 0 

Filtered Discharge 1.6 X 103 1.6 X 103 0 

Barometric 
Condenser 0.4 0.4 0 

#736 SUpply 0.7 0.7 0 

Cell Wash 2.0 X 107 2.0 X 107 0 

Cell Roan waste 2.9 X 102 2.8 X 102 8 

Barometric 
c.ondenser 1.8 0 1.8 

Barorretric 
Condenser 5.3 5.3 0 

Ba.J::onetric 
1.4 X 102 1.4 X 102 Condenser 0 

# 967 Supply 9.7 X 102 9.7 X 102 0 

Cell waste 2.4 X 104 2.4 X 104 8 X 102 

Pond Effluent 2.4 X 103 2.4 X 103 0 

caustic wash 7.8 X 103 7.8 X 103 0 

Brine Filter 
8.0 X 102 6.2 X 102 1.8 X 102 

Backwash 

cathode Wash Waste 3·.2 X 105 3.2 X 105 0 

Condensate & Spent 
2.7 X 102 1.8 X 102 

Acid 8.9 X 10 

Neutralizer waste 2.1 X 103 2.1 X 103 0 

*Million filiers per liter 
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TABLE 11-23. MAXIMUM RAW WASTE CONCENI'RATIONS OF TOXIC METALS OBSERVED AT 
DIAPHRAGM CELL CHLORINE PLANTS (mg/1) 

SUBCATEGORY CHLORINE DIAPHRAGM CELL 

Toxic Plants with Plant with 
M=tal Metal Anodes Graphite Anode 

Ant:i.Irony <0.25 <0.065 

Arsenic 0.17 0.59 

Beryllium <0.014 <0.001 

cadmium 0.037 0.017 

Chranium 7.4 <0.048 

Copper 17 0.27 

Leac' 2.0 44 

M=rcury <0.003 0.004 

Nickel 22 0.070 

Selenium <0.020 <0.030 

Silver 0.018 <0. 016 

Thallium <0.25 <0.050 

Zinc 3.0 0.25 
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essentially no higher than at the metal anode plants. Because 
several waste streams usually contribute to the total raw waste 
at chlorine plants, a calculation was often necessary to 
determine the pollutant concentrations that would exist when the 
streams were mixed prior to treatment. An example of this 
calculation is the "mixing" of the following hypothetical 
streams: 

Stream A: 100 gallons per minute, 15 mg/1 of pollutant 

Stream B: 10 gallons per minute, 60 mg/1 of pollutant 

The weighted average for the mixed streams is given by: 

Concentration of mixed stream = 
(Flow A x Concentration A) + (Flow B x Concentration B) 

(Flow A + Flow B) 

Substituting numerical values gives: 

(100 gpm) (15 mg/1) + (10 gpm) (60 mg/1) = 19 mg/1 
110 gpm 

This method was used to calculate raw waste concentrations 
of pollutants as presented in Table 11-23. Barometric condenser 
waste water when "once through" was not included because of the 
high dilution effect of these large flows. Brine mud flows were 
also not included. 

The daily raw waste loads were calculated from the waste 
stream flow rates measured or estimated at the time of sampling 
and the measured pollutant concentration. 

That is, 

Daily loading (as kg of pollutant per day) = (C) (Q) 
1000 

Where: 

C is the concentration of the pollutant expressed in unit 
of mg/1 (Note: kg/m3 = 1000 mg/1) and 

Q is the waste stream flow rate expressed in units of 
m3/day (m3, a cubic meter, is equal to 264.2 u.s. gallons). 

Similarly, the unit loadings were calculated from the 
reported chlorine production rate, the waste stream flow rate, 
and the measured pollutant concentration. 
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Unit loading (as kg of pollutant per kkg 
of chlorine 

(C) (Q) 
= 1000 p 

Where C and Q are as described above, and P is the chlorine 
production rate expressed in units of kkg/day (kkg is 1000 kg, a 
metric ton, which is equal to 2205 lbs). 

The minimum, average and maximum values were calculated 
based on data from those plants where the particular pollutant 
was found at a detectable concentration. 

In Table 11-24, the toxic pollutant raw waste data are 
presented as the average daily concentrations (based on three 
24-hour samples) and the unit loadings found at the individual 
plants. Beryllium, selenium, and thallium are not included in 
the table because average concentrations were below detectable 
limits. 

In, Tab+e 11-25 plant average daily and unit loadings are 
presented as minimum, average, and maximum values based on data 
presented in Table 11-24 for metal anode plants only. (The 
graphite anode plant is considered separately due to its 
particular waste source characteristics.) 

Based on the average waste loads generated per unit of 
product at metal anode plants and one graphite anode plant, and 
the estimated total subcategory production, the estimated total 
pollutant raw waste loads generated each year by this 
subcategory are as follows: 

Pollutant 

Antimony 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
l>1ercury 
Nickel 
Silver 
Zinc 

Raw Waste Load 

kg/year 

483 
6,300 

41 
3,100 
4,400 

470,000 
48 

3,600 
5 

5,100 

Because cell room wastes including cell or cathode wash 
wastes, leaks, spills and washdown are usually treated 
separately at diaphragm cell plants and because other process 
wastes such as filter backwashes, condensates and caustic 
evaporation wastes are usually discharged after the settling, 
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T~.BLE 11-24. TOXIC Mm'AL <X>NCENTRATIONS AND LOADS AT SCREENING AND 
VERIFICATION ~S 

SUBCATEGORY 

Pollutant 014 

Ant.inony * 

Arsenic * 

Cadmium 0.002 
0.0000018 

Chromium 0.019 
0.000017 

Copper 0.015 
0.000014 

Lead 0.006 
0.0000045 

Mercw:y . 0.002 
0.0000018 

Nickel 0.90 
0.00081 

Silver * 

Zinc * 

(m.;r/1) 
(kg/kkg) 

CHIDRINE DIAPHRAGM CELL 

261 

* 

0.17 
0.0000064 

0.037 
0.0000014 

1.9 
0.000071 

17 
0.00064 

2.0 
0.000075 

* 

22 
0.00081 

0.018 
0.0000007 

•1.5 
0.000054 

Plant# 
738A 

* 

* 
* 

* 

0.52 
0.0046, 

0.045 
0.00039 

0.082 
0.00060 

* 

0.21 
0.0018 

* 

0.29 
0.0021 

738B 

* 

0.011 
0.000021 

* 

0.066 
0.0012 

0.12 
0.00023 

0.11 
0.000021 

* 

0.067 
0.00013 

* 

0.093 
0.00018 

* BelCM rceasurable concentrations 

** Graphite Anode plant 
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736 967** 

0.010 0.011 
0.0000033 0.00015 

0.057 0.30 
0.000014 0.0021 

0.025 * 
0.0000061 

0.18 0.004 
0.000044 0.000032 

0.43 0.16 
0.00011 0.0011 

0.016 21 
0.0000039 0.015 

0.003 0.002 
0.0000007 0.000014 

0.22 0.068 
0.000054 0.00049 

* * 

3.0 0.19 
0.00074 0.0014 



TABLE 11-25. SlMI!IRY OF FAW WASTE I.OWINGS AT SCREENING liND VERIFICATICN METAL ANCllE PLANrS 

SUBCATEGORY OfLORINE DIAPfiRAGf CEIL 

IDading Unit loading *Nurrber of 
(kg/kkg) (kg/kkg) Plants 

Averaged 
Pollutant min. avg. max. min. avg. max. (out of 5) 

1\) Antinony 0.00077 0.00077 0.00077 0.0000033 0.0000033 0.0000033 1 w 
0 

Arsenic 0.0019 0.0084 0.020 0.0000064 0.000017 0.000030 3 

Cadmi.Ull 0.00041 0.00076 0.0014 0.0000014 0.0000032 0.0000061 3 

<lu:ani.Ull 0.0042 0.59 2.8 0.000017 0.00096 0.0046 5 

Copper 0.0035 0.12 0.19 0.000014 0.00020 0.00064 5 

read 0.00090 0.094 0.37 0.0000039 0.00016 0.00060 5 

Mmmry 0.00016 0.00030 0.00044 0.0000007 0.0000012 0.0000018 2 

' Nickel 0.0066 0.31 I 
! 1.1 0.000010 0.00057 0.0018 5 
l 

Silver 0.00021 0.00021 . 0.00021 0.0000017 0.0000007 0.0000007 1 

Zinc 0.016 2.1 8.0 0.060054 0.00078 0.0021 4 

* cnly those plants where the pollutant was cbserved at neasurab1e ooncentrations. 



these two waste mixes were evaluated separately. Table Jl-26 
presents average raw waste concentrations and loads of toxic 
metals found in cell room wastes at the six diaphragm cell 
plants sampled. Table 11-27 presents the similar data from the 
sampling of other process wastes at these plants. 

Toxic Organic Pollutants 

The use of graphite anodes at chlorine plants results in 
the generation of a variety of simple chlorinated hydrocarbon 
compounds as a result of the attack of chlorine on the anodes. 
These compounds are carried out of the cell with the chlorine 
and find their way into the various waste streams which 
originate from the chlorine cooling, drying, compression, and 
liquefaction steps. 

Table 11-28 presents the toxic org~~ics that were observed 
in measurable concentrations in the raw wastes at Plant ~967. 
The concentrations presented in the table were calculated as a 
mixture of all raw waste streams weighted on a flow basis as 
previously described. 

Table 11-29 presents the concentrations of toxic organics 
by individual raw waste stream at Plant #967. It is clear from 
the table that the highest concentrations of organics occur in 
wastes from chlorine treatment (condensate, drying acid and tail 
gas scrubber water) and they account for 83 percent of the total 
organic waste load. 

11.11 POLLUTION ABATEMENT OPTIONS 

11.11.1 Toxic Pollutants of Concern 

Lead occurs in high concentrations in the cell room waste 
waters of chlorine plants using graphite anodes. Other toxic 
metals often found in ,significant concentration at diaphragm 
cell plants include arsenic, cadmium, chromium, copper, nickel, 
and zinc. Antimony, mercury, and silver were also detected but 
at concentrations that are not treatable. These metals are not 
considered further. The sources of tl:tese metals may be raw 
material impurities or corrosion products from the reaction 
between chlorine or acid and the process equipment materials of 
construction. 

Toxic organic compounds also occur in waste waters from 
graphite anode plants because of the attack of chlorine on the 
anode material. They appear primarily in waste streams 
associated with the purification of chlorine. 
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TABI.E 11-26. '.OOXIC ME1'AL CXN:ENI'RATIOOS AND Ul/\00 IN CEIL RXM WASTE t'lATERS Nr SCREENmG AND 
VERIFICATIOO PIANl'S ~ no/1 ~ 

kg/kkg 

Plant I 
Pollutant 014 261 ~ 738B 736 967** 

1\nt:im:.:lny * * 0.050 * 0.038 0.41 
0.0000081 0.0000031 0.00015 

Arsenic 0.010 0.17 * * 0.17 0.45 
N 0.0000001 0.0000064 0.000014 0.00017 
w 
N cadmiun * 0.037 * * * 0.016 

0.0000014 0.0000059 

au:aniun 0.94 1.9 * 0.075 0.54 0.086 
0.000014 0.000071 0.000012 0.000044 0.000032 

<DI:tJ& 0.53 17 0.24 0.38 1.1 2.4 
0.0000075 0.00064 0.000042 0.000061 0.000090 0.00089 

Lead 0.26 2.0 0.044 0.11 0.047 370 
0.0000039 0.000075 0.0000077 0.000018 0.0000038 0.14 

Mercucy * * 0.003 * 0.002 0.001 
0.0000005 0.0000002 0.0000004 

Nickel 54 22 * 0.061 0.67 0.36 
0.00081 0.00081 0.0000098 0.000055 0.00013 

Silver * 0.018 * * * * 
0.0000007 

Zinc * 1.5 0.046 0.46 0.58 0.92 
0.000054 0.0000080 0.000074 0.000048 0.00034 

* 
BelCM detection limits 

** Grar;hite anode plant 



TliBJE ll-27. R11.W WASTE TOXIC MEl'ALS CCl'lCENl'RATIW liND L01IOO IN PRIX:F.SS STRE1IMS 01'HER TH1\N CELL :Ra:M WISrES 
FlD1 SCREENING .!\ND VERIFICATICN Pil\NrS 

Plant 

Pollutant 1014 I738A I738B 1736 1967 Avg 
(ll¥Jil) 

lkg}kkg) 

Ant:inDny * * * * * * 

Arsenic * * 0.011 * 0.29 0.15 
0.000019 0.0020 0.0010 

cadni.um 0.002 * * 0.038 * 0.020 
0.0000018 0.0000062 0.0000040 

Chranium * 0.53 0.065 * * 0.29 
1\.l 0.0046 0.00011 0.00014 
w 

0.004 0.041 0.094 0.090 0.030 0.043 w COgler 
0.0000036 0.00035 0.00016 0.000015 0.00020 0.00014 

lead * 0.083 0.11 * 0.40 
0.00060 0.00019 0.0027 

Mmmry 0.002 * * 0.003 0.002 0.002 
0.0000018 0.0000005 0.000014 0.0000054 

Nickel 0.003 0.21 0.067 0.052 0.088 
0.0000027 0.0018 0.00012 0.00035 0.00072 

Silver * * * * * * 

Zinc * 0.29 0.058 4.3 0.15 1.5 
0.0021 0.00010 0.00070 0.0010 0.0037 

* BelCM detection limits 
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TABLE 11-28. RAW WASTE TOXIC ORGANICS AT A GRAPHITE ANODE PLANT 

SUBCATEGORY CHLORINE DIAPHRAGM CELL 

Pollutant 

benzene 

carbon tetrachloride 

1,2-dichloroethane 

1,1,1-trichloroethane 

hexachloroethane 

1,1,2-trichloroethane 

1,1,2,2-tetrachloroethane 

chloroform 

1,1-dichloroethylene 

2,6-dinitrotoluene 

methylene chloride 

brciroform 

dichlorobrararethane 

chlorodibrorrorrethane 

hexachlorobutadiene 

bis(2-ethylhexyl)phthalate 

di-n-butyl :r:hthalate 

tetrachloroethlene 

toluene 

trichloroethylene 

* 

Concentration* 
(mg/1) 

0.00040 

0.023 

0.079 

0.00014 

0.010 

0.00040 

0.000044 

0.085 

0.000026 

0.000026 

0.00056 

0.000063 

0.035 

0.002 

0.004 

0.00075 

0.00078 

0.036 

0.0030 

0.020 

FlCM-pro:portioned concentration 
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Load 
(kg/day) 

0.0011 

0.066 

0.23 

0.00040 

0.029 

0.0011 

0.00013 

0.24 

0.000074 

0.000074 

0.0016 

0.00018 

0.10 

0.0057 

0.011 

0.0022 

0.0022 

0.10 

0.0086 

0.0057 



TABLE 11-29. RAW WASTE TOXIC 'ORGANICS BY WASTE WATER SOURCE AT A GRAPHITE 
ANODE PLANT 

SUBCATEGORY CHWRINE DIAPHRAGM CELL 

Total 'Ibxic Total Toxic Percent of 
Organics Organics Total Toxic 

Stream (n~"/1) <kwda:Y> orsanics 

Cell building wastes 0.126 0.0093 1.1 

caustic filter backwash 0.057 0.12 14 

Brine filter backwash 0.003 0.00050 0.06 

Cell wash 0.20 0.014 1.6 

Chlorine condensate and 2.2 0.70 81.5 
Spent H2S04 

Scrubber waste 0.81 0.015 1.7 

Totals 0.30 * 0.86 100 

* Flow-proportioned concentration 
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Asbestos occurs in all waste waters from diaphragm cell 
plants, and in large quantities in cell room waste waters when 
cells are cleaned and repaired. 

11.11.2 Prevailing Contro1 and Treatment Practices 

Section 11.10 described specific control and treatment 
practices at eleven plants. The prevailing practices at 
diaphragm cell plants are to control asbestos wastes by settling 
or filtering cell wash.waste waters and to neutralize and settle 
all waste waters before discharge. The recycle or reuse of 
waste streams is practiced to varying degrees in the industry 
depending pn plant-specific factors such as raw material quality 
and type of anodes used. 

Plants using graphite anodes are treating lead-bearing 
wastes by chemical precipitation and settling and/or filtration 
before discharge. 

The control of toxic organic compounds in the waste streams 
at graphite anode plants also varies in'the industry. At Plant 
¥.967 where the end use of the chlorine is captive, involving its 
direct application to the manufacture of a chlorinated organic 
product, the bulk of chlorinated organic impurities are not 
removed. 

At Plant ¥.195~ where a more purified product is required, 
the organics are accumulated in the reboiler of the chlorine 
scrubber. The residues are treated batchwise for separation and 
recovery of the organic phase materials which are then sold as 
feedstock for the manufacture of related products. Prior to 
discharge the aqueous phase is vacuum stripped to remove 
additional organics and chlorine for recycle. Normally, one 
batch of organics is treated per week. After separating each 
batch of organics and stripping the residual aqueous phase, the 
quantity of waste water discharged is approximately 5.7 m3/week 
or 0.8 m3/day. The organ1c loading in this waste is not known, 
however, if the assumption is made that the discharge is 
saturated with carbon tetrachloride (CC14) (800 mg/1 @ 20 
degreea C), the waste ~oad would be 0.5 kg/day. 

A~though the daily mass emissions from the two plants are 
likely to be similar and both would require additional treatment 
to achieve acceptable discharge levels, the wide difference in 
concentrations of the chlorinated organics as well as the manner 
in which they are handled would necessitate the application of 
an advanced treatment technology specifically suited to each 
case. 

Where the flow is large and the concentrations are low, the 
application of activated carbon adsorption to the collected 
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organic-bearing waste stream at Plant ¥967 would be capable of 
reducing a CC14 mass emission from 0.066 kg/day to approximately 
0.03 kg/day, assuming an achievable treatability level of 0.10 
mg/1. 

In the case of Plant ¥.195, where the volume of waste water 
is small but the concentrations of residual chlorinated organics 
can be on the order of several hundred parts per million, a more 
appropriate removal technology would be ~team stripping with an 
overhead return to the process. Assuming a treatability level 
of 10 mg/1 for CC14 using this technology, its mass emission 
could be reduced to approximately 0.001 kg/day. 

11.11.3 Process Modifications and Technology Transfer Options 

Anode Material 

The use of metal anodes rather than graphite anodes 
increases cell power efficiency and greatly reduces tbe 
pollutant loads of lead and toxic organics in plant waste 
waters. Approximately half of the diaphragm cell production of 
chlorine is now by metal anodes. 

Caustic Evaporation Water 

The vapors from the evaporative concentration of caustic 
soda are either contact-cooled or cooled in surface condensers. 
Plants practicing contact cooling through barometric condensers 
generate large amounts of waste water contaminated with caustic 
soda and salt. By changing from contact cooling of the vapors 
to noncontace cooling, or by recirculating barometric condenser 
water, the amount of waste water generated can be reduced 
considerably. If the change is considered too expensive or is 
not feasible, demisters. or similar control devices can be 
installed to reduce the salt and caustic carryover in the 
vapors. 

Diaphragm Material 

Although not in full scale use at any u.s. chlorine plants, 
modified diaphragms have been developed which can reduce power 
consumption and minimize or eliminate asbestos discharges. The 
modified diaphragms include polymer membrane and ion exchange 
membrane diaphragms. 

Polymer Modified Asbestos Membranes - These consist of a 
polymer treated asbestos diaphragm baked into place on the 
cathode. . Its usage results in power savings and has an 
environmental benefit, since, -at the time of rebuilding the 
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cathodes, the discarded material is produced in stablized pieces 
instead of loose asbestos fibers. Final disposal is thus safer 
and easier. 

Polymer Membranes - These consist of a microporous Teflon® 
type polymer, and their operation has been demonstrated 
successfully in laboratory and pilot plant scale cells. In 
addition to the benefits of cost savings through energy use 
reduction and longer life, their use eliminates the handling and 
disposal problems associated with asbestos. 

Ion Exchange Membranes These membranes allow the 
product1on of a concentrated caustic similar to that produced by 
mercury cells. The production of salt-free concentrated caustic 
will reduce the waste water associated with the caustic 
evaporation process. Like the polymer membranes, the problems 
associated with the handling and disposal of asbestos are 
eliminated. 

Liquefaction of Chlorine 

Utilization of high pressure and refrigeration for chlorine 
recovery will reduce the ch~orine content in tail gases. 

Tail Gas Emission Control 

As with mercury cell plants, chlorine in tail gases has to 
be removed and treated or recovered before venting to the 
atmosphere. The common practice is to scrub the gas with 
caustic soda producing a hypochlorite solution. This 
hypochlorite can then be sold, used on-site or. discharged. 
Decomposition is a common method of removing the chlorine in 
this stream prior to discharge. Catalytic, thermal and chemical 
methods of decomposition, described in Section 11.4.3, are 
effective. 

11.11.4 ~ Management Practices 

The following Best Management Practices are common industry 
practices and are provided for guidance purposes although they 
may not meet the requirements of the Resource Conservation and 
Recovery Act ·(as amended, 42 usc 6901 et. seq.). 

Area Runoff 

Provisions can be made to divert and contain storm runoff 
from areas where lead or asbestos contamination could occur. 
Collected runoff can then be treated with other wastes. 
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Leaks and Spills 

Provisions can be made in cell room areas to control and 
collect the leaks or spills contaminated with lead or asbestos. 

Contaminated Solids 

Asbestos waste and precipitated metals wastes should be 
stored in a lined pond or disposed of in a secure landfill. 

11.11.5 Advanced Treatment Technologies 

and currently used in the industry 
other toxic metals from plant waste 
carbonate precipitation followed by 
Further removal of metals can be 

The methods available 
for the removal of lead and 
waters include hydroxide or 
settling or filtration. 
effected using sulfide 
exchange. 

precipitation, adsorption and ion 

Removal of asbestos from cell wastes is improved with the 
addition of coagulating agents prior to filtration of these 
wastes. 

11.12 SELECTION OF APPROPRIATE TECHNOLOGY AND EQUIPMENT 

11.12.1 Technologies for Different Treatment Levels 

Level 1 (BPT) 

Level 1 treatment addresses the waste characteristics 
associated with diaphragm cell plants using graphite anodes. 
The data from graphite anode plants were used because the 
pollutant load is greater than for metal anode plants. Existing 
plants that have changed from graphite anode to metal anode will 
have residual effects that increase their loads for an extended 
time after the change - possibly as long as two years. Waste 
streams from the cell rooms and the cathode wash station 
(asbestos pond overflow) are collected in a holding tank where 
they are combined with any other process waste sources 
containing treatable levels of lead and other toxic metals. 
Alkaline precipitation of the toxic metals is accomplished by 
the addition of soda ash. The solids are removed by filtration 
and the filtrate may be combined with other process waste 
streams such as chlorine condensate, tail gas scrubber water, 
caustic filter backwash and barometric condenser waters found to 
be contaminated with toxic metals at levels usually below the 
limits of treatability by alkaline precipitation. Because the 
other process water sources are normally alkaline the pH is 
relatively unchanged and clarification for suspended solids 
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removal also achieves some additional removal of traces of toxic 
metal hydroxides. Thus, the combined flow is clarified and 
discharged directly or, in some cases, it may be combined with 
noncontact waste waters and passed through a polishing pond 
system prior to final discharge. At all levels of treatment, 
the brine mud is collected in lagoons and the effluent recycled 
to process. The flow diagram for Level 1 treatment is shown in 
Figure 11-21. 

Level 1 treatment was ultimately selected as the basis for 
BPT because it represents a typical and viable industry practice 
for the control of asbestos fiber, lead, and other toxic metals 
in waste waters associated with diaphragm cell plants using 
graphite anodes. Plants utilizing metal anodes are expected to 
have lower levels of toxic metal emissions and may not require 
alkaline precipitation to meet the proposed BPT limitations. 
All 39 plants in the industry presently have BPT or equivalent 
treatment technology installed. 

Leve1 2 (BAT) 

The objective of Level 2 treatment technology is to 
achieve, at a reasonable cost, a greater degree of asbestos 
fiber and toxic metals removal than provided by Level 1. Thus, 
Level 2 adds dual-media filtration to the combined effluent from 
Level 1 treatment excluding noncontact waste streams. 
Dechlorination of the final plant effluent is also included in 
Level 2 (BAT) treatment. This assumes treatment by sulfur 
dioxide or bisulfite to remove total residual chlorine to the 
detection limit of approximately 0.2 mg/1. This is a reasonable 
value for a waste jlater sample, since the Iodine Method for 
determining total residual chlorine is affected by the color of 
the sample. 

Level 2 was finally selected as the basis for BAT 
regulations on the strength of technology transfer options 
within the inorganic chemicals industry and because four out of 
five plants sampled were meeting limits derived from published 
treatability data. In addition, two plants are known to 
practice dechlorination of the final effluent. The flow diagram 
for Level 2 is shown in Figure 11-22. 

Leve1 3 

The practice of sulfide precipitation of mercury in the 
mercury cell segment of the chlor-alkali industry suggested the 
application of this technology for achieving,greater removal of 
toxic metals in diaphragm cell plants. Level 3 adds sulfide 
precipitation to Level 2 as shown in Figure 11-23. This option 
was not selected due to its relatively high cost per pound of 
additional metal removal obtained. 
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11.12.2 Equipment for Different Treatment Levels 

Equipment Functions 

Conventional sludge dewatering by filter press is used for 
asbestos sludge before disposal and dual-media filter backwash 
is returned to the influent surge tank. Level three requires 
the addition of a reagent mixing tank and chemical solution 
feeder. Level 3 treatment requires the addition of a reagent 
mixing tank and chemical solution feeder to introduce ferrous 
sulfide ahead of the Level 2 dual-media filter. All equipment 
is conventional and readily available. 

Chemical Handling 

Nonhazardous solutions of aluminum sulfate and sodium 
carbonate are the only solutions used at Levels 1 and 2. Inert 
filter aid used in the alum sludge filter process presents no 
unusual hazard. At Level 3 the potential hazard of handling 
sodium sulfide is nullified by reacting it with ferrous sulfate 
to form ferrous sulfide. Any excess ferrous sulfide will 
oxidize to a ferric sulfide precipitate. At the point where 
sodium sulfide is reacted with ferrous sulfate, good ventilation 
is essential to avoid the hazards associated with hydrogen 
sulfide gas. 

Solids Handling 

For all three levels of treatment, brine mud solids are 
accumulated in lined lagoons on-site. Asbestos solids and 
precipitated metals wastes are to be sent to suitable chemical 
landfills. 

11.13 TREATMENT COST ESTIMATES 

11.13.1 General Discussion 

To prepare treatment cost estimates, a model plant concept 
was developed. Because higher pollutant loads and larger unit 
flows exist at graphite anode plants as opposed to metal anode 
plants the characteristics associated with these plants were 
used when possible for the model plant characteristics as 
discussed below. 

The preliminary cost estimates presented. in this report 
were based on incomplete industry data on waste source 
characteristics and flow rates. The cost estimates assumed a 
flow rate of approximately 1.2 m3/kkg for the waste stream from 
the cell room~ asbestos pond, and other sources (Table 11-20). 
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Later revisions of the flow rates and the inclusion of other 
waste sources in the total volume of process related waste 
streams to be handled brought the total model plant flow rate up 
to the currently estimated 8. 8 m3/kkg (Table 11-34}. This is 
the flow used for the development of proposed regulations for 
the diaphragm cell segment of the industry. Since cost 
estimates were based on the preliminary flow estimate of 1.2 
m3/kkg, the Agency is assessing the need for making appropriate 
adjustments in the cost estimates. Such adjustments will be 
made prior to final promulgation of the regulations. The model 
plant specifications given below are those used for regulation 
development purposes. 

Chlorine Production 

Approximately 60 percent of the production data for all 
chlorine plants using diaphragm cells is available on file. 
Production ranges from 15,000 to 1,500,000 kkg of chlorine per 
year. Three model plants with production rates of 19,100, 
95,500, and 191,000 kkg per year were selected to represent the 
subcategory production range. 

Waste Water Flow 

Based on industry flow data (Table 11-20), waste streams in 
the -model plants are segregated into brine mud, cell wash and 
cell room wastes, and other process wastes such as filter 
backwashes, condensates and tail gas scrubber wast;es. For 
treatment cost estimates at all levels of treatment the 
following flow basis was used. 

A. A brine mud flow of 0.42 m3/kKg is sent to lagoons for 
solids removal. Solids are disposed of on-site and other 
overflow is recirculated to process. 

B. Cathode or cell wash waters, heavily laden with 
asbestos are sent to asbestos removal at a flow rate of 0. 07 
m3/kkg. 

c. Cell room wastes consisting of leaks, spills, and area 
washdown contaminated with lead and other metals are combined 
with treated cell wash waters for a total flow of 1.2. m3/kkg to 
be treated for'metals removal. 

D. Other process waste water sources account for ·an 
additional 7.6 m3/kkg which is combined with effluent from the 
treatment of wastes from the cell room and cathode wash areas. 
This brings the mod'el plant total flow rate to an estimated 8.8 
m3/kkg. The final, combined process waste flow is either 
clarified and discharged as in Level 1 treatment or clarified, 
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passed through dual-media filtration, and dechlorinated prior to 
discharge as in Level 2 treatment. 

Solid Waste Produced 

Brine mud constitutes the major source of solid waste 
g~nerated at chlorine plants. Although solids content varies 
from plant to plant, an average of ten percent solids was used 
for the model resulting in a solids load of 42 kg/kkg. Asbestos 
from cell wash operations and precipitated solids from metal 
treatment generate a solid waste of 0.83 kg/kkg. 

Chlorine Bearing Wastes 

In the selection of model plants, the following assumptions 
have been made for the chlorine contaminated waste streams. 

The chlorine condensate waste stream has not been included 
in the waste streams going to the treatment facility. In the 
majority of the chlorine/caustic plants, this stream is stripped 
of chlorine by steam or vacuum and the chlorine is recycled to 
the purification operation. The waste water is then returned to 
the process and introduced to the brine purification unit or 
sent to the treatment unit. The quantity of waste water 
generated by this operation is small. In some cases the 
chlorine gas from the cells is contact-cooled with water and the 
scrubbed liquid, after steam stripping, is reused. The 
stripping operation in the recovery of chlorine is part of the 
process and, therefore; its cost is not included in the 
treatment cost. 

The spent tai·l gas scrubber solution, which is mainly 
calcium/sodium hypochlorite, is assumed to be used or decomposed 
before it is discharged. Thermal decomposition can be practiced 
at no additional cost at some facilities, while another 
efficient method is catalytic decomposition. The cost estimates 
for decomposition are not included here because at many plants 
the hypochlorite stream is sold, used on-site or only 
infrequently discharged, depending on market demand. 

However, because of the environmental effects of high 
levels of chlorine in waste water discharges, a separate set of 
cost estimates have been prepared for the dechlorination of 
total plant discharges using sulfur dioxide. 

Chlorinated organic wastes - The chlorine-bearing waste 
streams at graphite anode plants are also those streams carrying 
the highest concentrations of toxic organics as indicated in 
Table 11-29. Section 11.11.2 discussed the techniqu~s used to 
recover and remove organics from waste streams at Plant f.l95 and 
the fact that organic contaminated streams 'can exist as either 
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high volume-low concentration or low volume-high concentration 
depending on plant specific factors. Costs for removing 
organics are not included in the model plant cost estimates 
because organics are not limited in the regulation. Orqanics 
occur at low levels at most of the plants and when they are 
present the appropriate treatment method is site specific. 
Althdugh the costs are not included the following information is 
provided as guidance. The additional costs for steam stripping 
in a plant (such as Plant f,l9 5) which already has a vacuum 
vaporizer, would be under $10,000 for modification of the 
existing equipment. Steam costs could vary from $1,000 to 
$5,000 per year. If a vaporizer is not in place, a steam 
stripper to process 5 to 30 m3/week would cost roughly $50,000 
to $100,000, depending on the input concentrations to be 
handled. The corresponding steam costs would range from $2,000 
to $10,000 per year. 

The capital costs of an activated carbon adsorption unit 
for handling the relatively high volume wastes with a low 
influent organic loading (as found ·at Plant {967) cannot be 
reliably estimated in the absence of specific treatability data 
on the waste streams in question. 

Alternatively, incineration of the chlorinated organic 
residuals is an effective means of destroying and disposing of 
this material provided that adequate measures are taken to 
control the release of HCl to the atmosphere. 

' 
A process evaluation should be made to determine the most 

efficient means for isolating and collecting the organic bearing 
waste streams prior to treatment. 

Incidental removal of chlorinated organics will occur with 
the application of model plant treatment levels previously 
presented. Such removal, however, is expected to be erratic and 
therefore cannot be predicted. Because raw waste concentrations 
of these organics vary considerably depending on plant practices 
and are marginally treatable at times, applicable control and 
treatment technologies will need to be assessed on a 
case-by~case basis. 

For these reasons, the Agency is not providing specific 
numerical discharge limitations for organic pollutants, but is 
providing guidance for evaluating control options that could be 
applied in the industry. 

11.13.2 Model Plant Treatment Costs 

On the basis of the model plant specifications and design 
concepts presented earlier, the estimated costs of treatment for 
three models having different production levels are shown in 
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Tables 11-30, 11-31, and 11-32. The cost of Levels 2 and 3 are 
incremental over Level 1 costs and provide for higher effluent 
quality with respect to toxic pollutants. 

Table 11-33 presents a summary of the unit cost 
distribution between amortization and operation and main~enance 
components. Annual treatment costs as a function of production 
rate is shown graphically in Figure 11-24. Similarly presented 
in Figure 11-25 is the relationship of unit cost (cost per 
metric ton) to production rate. 

For plants requiring dechlorination of waste waters, cost 
estimates for dechlorination of plant effluents using sulfur 
dioxide are discussed in Section 11.6.3. 

11.14 BASIS FOR REGULATIONS 

11.14.1 Basis for BPT Limitations 

BPT regulations are currently in effect for the diaphragm 
cell chlorine subcategory, 40 CFR 815.62 (b). The Agency is 
proposing to revise the limitations, however, based on an 
increased unit fl9w rate. 

Technology Basis 

For BPT, the Agency is proposing limitations based on 
equalization, alkaline precipitation and settling of lead and 
asbestos-bearing wastes and neutralization and settling of all 
waste waters before discharge. All diaphragm cell chlorine 
plants are known to be using this technology (Level 1) or its 
equivalent. 

Flow Basis 

As described in Section 11.13.1, waste water streams at 
diaphragm cell plants' are separated into two types, those that 
require treatment for asbestos-and metals removal and those that 
do not require such treatment. From data presented in Table 
11-20, the unit flow rate of 1.2 m3/kkg of cell room and cell 
wash wastes from one graphite anooe plant was selected as the 
flow basis for wastes to be treated. Graphite anode plant data 
were used in this instance because the flows were higher than 
those of other plants and thus represent a conservative estimate 
of flow for other plants in the industry. Using available flow 
data the remaini~g waste streams total 7.6 m3/kkg as shown in 
Table 11-34. Thus the total unit flow discharge ·used in the 
aevelopment of effluent limitations is 8.8 ~3/kkg. 
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TABLE 11-30. MODEL PIAN!' TREA 'IMENT CCETS 
===========================================================================--== 

Subcategory CHLORINE Diaphragm cell 

Production 19,100 metric tons per year ( .21, 057 tons per year) 
54 metric tons per day ( 60 tons per day ) 

Waste water flow 68 cubic meters pef day. 

A. INVES'IMENT CCET 

Construction ••••••••• 
Equipnent in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipnent 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incide~tals, overhead, 
fees, contingencies ••• 
Land •••••••••••••••••• 

TDrAL INVES'IMENI' CCET 

B. OPERATION AND 
MAINTENAN::E CCET 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal •••••••••••••• 
Monitoring, analysis 
and reporting ••••••••• 

TarAL OPERATION AND 
MAINTENAN::E CCET 

C. AMORTIZATION OF 
INVES'IMENT CCET 

TarAL ANNUAL CCET 

FIRST 

$57,100 

106,850 

9,000 

34,590 

34,590 
21,000 

$263,130 

$112,000 
2,200 
1,500 

24,213 
7,893 

5,800 

15,000 

$168,606 

$39,394 

$208,000 

LEVEL OF 'IREA'IMENT* 

SECOND 

$1,800 

17,900 

3,940 

3,940 

$27,580 

$14,000 
300 

2,758 
827 

7,500 

$25,385 

$4,487 

$29,872 

*First level represents the base cost of treatment system. 
Other levels represent the incremental cost above base cost. 
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THIRD 

$2,250 

20,400 

4,530 

4,530 

$31,710 

$14,000 
300 
100 

3,171 
951 

7,500 

$26,022 

$5,159 

$31,181 



TABLE ll-31.MOIEL PIANI' TREA'IMENI' COOTS 
---- - -====================================================== 

Subcategory CHLORINE Diaphragm cell 

Prodtx:tion 95,500 metric tons per year ( 105,288 tons per year) 
272 metric tons per day ( 300 tons per day ) 
340 cubic meters per day. Waste water flow 

LEVEL OF 'IREA'IMENI'* 

FIRST SECCND THIRD 
A. INVES'IMENI' COOT 

Construction ......... $148,100 $2,900 $3,350 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls ••••• 219,700 27,000 29,500 
Monitoring equipment 
in place •••••••••••••• 9,000 9 
Engineering design 
and inspection •••••••• 75,360 5,980 6,571 
Incidentals, overhead, 
fees, contingencies ••• 75,360 5,980 6,571 
Land •••••••••••••••••• 63,000 

-------- ---------- ----------
TOI'AL INVES'IMENI' COOT $590,520 $41,860 $46,002 

B. OPERATION AND 
MAINTENAN:!E COOT 

Labor and supervision. $112,000 $14,000 $14,000 
Energy ••••••••••••••.• 4,900 600 600 
Chemicals ••••••••••••• 7,500 500 
Maintenance ••••••••••• 52,752 4,186 4,600 
Taxes and insurance ••• 17,715 1,255 1,380 
Residual waste 
disposal •••••••••••••• 29,000 
Monitoring, analysis 
and reporting ••••••••• 15,000 7,500 7,500 

------- ---------- ----------
TOI'AL OPERATION AND 
MAINTENAN:!E COOT $238,867 $27,541 $28,580 

c. AMffiTIZATION OF 
INVES'IMENr COOT $85,827 $6,810 $7,484 

------- ---------- ----------
TOI'AL ANNUAL COOT $324,694 $34,351 $36,064 

-----------------~------------------------------------------------------------
*First' level represents the base cost of treatment system. 
other levels represent the incremental cost above base cost. 
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TABLE 11-32 MODEL PIAN!' TRFA'IMENr CCSTS 
============================================================================== 

Subcategory CHLORINE Diaphragm cell 

Production 191,000 metric tons per year ( 210,577 tons per year) 
545 metric tons per day ( 601 tons per day ) 

Waste water flow 680 cubic meters per day. 

LEVEL OF 'IRFA'IMENr* 

A. INVES'IMENr CCST 

Construction ••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land•••••••••o•••••••• 

TarAL INVES'IMENr CCST 

B. OPERATION AND 
MAINTENAN::E CCST 

Labor and supervision. 
EnergY•••••••o•••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual 'Waste 
disposal ••••• o•••••••• 
Monitoring, analysis 
and reporting ••••••••• 

TarAL OPERATION AND 
MAINTENAN::E CCST 

C. AMCRTIZATION OF 
INVES'IMENr CCST 

TarAL ANNUAL CCST 

FIRST 

$271,900 

295,500 

9,000 

115,280 

115,280 
123,000 

$929,960 

$112,000 
8,000 

15,000 
80,696 
27,898 

58,000 

15,000 

$316,594 

$131,292 

$447,886 

SECCND 

$4,800 

43,500 

9,660 

9,660 

$67,620 

$14,000 
600 

6,762 
2,028 

7,500 
--------

$30,890 

$11,001 
----------

$41,891 

*First level represents the base cost of treatment system. 
other levels represent the incremental cost above base cost. 
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THIRD 

$5,250 

46,000 

10,250 

10,250 

$71,750 

$14,000 
~600 

1,000 
7,175 
2,152 

7,500 
---------

$32,427 

$11,673 
----------

- $44,100 



TABLE 11-33. MODEL PLANr TREA'IMENT COOTS 
- ---------------------------------------------------------------------------

Subcategory ~RINE Diaphragm cell 

COST ITEM 

Annual Operation 
and Maintenance 

Annual 
Jlmortization 

Total Oost 

PRODUCTION FLOW 
(kkg/yr) (m 3/day) 

19,100 68 
95,500 340 

191,000 680 

19,100 68 
95,500 340 

191,000 680 

19,100 68 
95,500 340 

191,000 680 
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Annual Treatment Oosts ($/kkg) , 

LEVEL OF 'IREA'IMENT 

FIRST SECOOD THIRD FOURTH 

8.83 1.33 1.36 Not 
2.50 o. 29 0.30 App1icab1' 
1.66 0.16 0.17 

2.06 0.23 0.27 
0.90 0.07 0.08 
0.69 0.06 0.06 

10.89 1.56 1.63 
3.40 0.36 0.38 
2.34 0.22 0.23 
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TABLE 11-34. SLM1ARY OF UNIT :F.LCWS AT DIAPHRAG1 CELL PI.J\NTS 

SUBCATEOORY 

Stream Description 

Cell rc:x:m and cell 
wash wastes 

Chlorine condensate 

Tail gas scrubber waste 

caustic filter wash 

Brine filter wash 

caustic cooling blcMdown 

Spent sulfuric acid 

CHLORINE DIAPHRAG1 CELL 

Unit FlCM 
(m3/kkg) 

1.2 

0.78 

0.11 

5.4 

0.45 

0.86 

0.01 

- Total unit Flor.or Discharge 8. 8 m3 /kkg 
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Data 
Source 

Graphite anode plant 

Graphite anode plant 

Graphite anoc;Ie plant 

Graphite anode plant 

Graphite anode plant 

Metal anode plants 
average 

Metal anode plants 
average 



Selection of Pollutants to be Regulated 

The selection of pollutants for which specific effluent 
limitations are being proposed was based on an evaluation of raw 
waste data from screening and verification sampling and on the 
treatability of toxic pollutants. 

_ Table 11-35 presents the achievable concentrations of toxic 
metal pollutants (found at detectable levels in raw waste 
streams) using the available treatment technology options. 
Based on literature treatability data presented in Section 8.1 
and summarized in Table 8-11, the concentrations reflect the 
lowest level achievable by these technologies. Also presented 
in the table are the maximum three-day average raw waste 
concentrations observed during the sampling program with an 
indication of the .number of plants where treatable 
concentratiops were exceeded. 

Based on the occurrence of treatable levels of specific 
toxic metals, arsenic, cadmium, chromium, copper, lead, nickel 
and zinc were selected as candidate toxic pollutants proposed 
for· BPT regulations. Antimony, mercury, and silver were 
detected but at less than treatable levels. 

Basis of BPT Pollutant Limitations 

Limitations are presented as both concentrations (mg/1) and 
loads (kg/kkg), and the relationship between the two is based on 
the unit flow rate (8. 8 m3/kkg). The concentration basis 
therefore represents the concentration of the total plant 
discharge including both treated and untreated waste waters • 

. 
BPT proposed limitations are presented in Table 11-36. 

Conventional Pollutants -

A. pH: The treated effluent is to be controlled within the 
range of 6.0 to 9.0. This limitation is based on the data 
presented in Appendix B of this report and the JRB Study (52) • . 

B. TSS:.The proposed BPT limitations for TSS are based on a 
summary of monitoring data from Plant #207 (3). The average 
discharge load of 0. 30 kg/kkg is used to develop discharge 
limitations. Because variability factors for TSS were not 
available for this plant, factors obtained from the hydrofluoric 
acid subcategory were used. In that subcategory, where the same 
technology of alkaline precipitation and settling is used, the 
average variability factor for daily measurements of TSS is 3.5 
.and the average factor for 30-day averages is 1.7. Thus, 
utilizing the long-term average discharge load of 0. 30 kg/kkg 
one o~tains a maximum 30-day average load limit of: 
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TABLE 11-35. COMPARISCN OF TOXIC MEI'AT.S TREATABILITY WITH SCREENING 
AND VERIFICATION SAMPLING DATA 

Treatability 1 
Maximum (Jn;1/l) 

Plant Raw Number of Plants (2) 
Level Level Level Waste Average Exceeding 

1 2 3 (rrg/1) Treatability 

Arsenic 0.5 0.5 0.05 0.30 3 

Antinony 0.8 0.4 NA 0.011 0 
' 

Cadmium 0.1 0.05 0.01 0.037 2 

Chranium 0.1 0.05 NA 1.9 4 

Copper 0.5 0.4 0.05 17 4 

Lead 0.3 0.05 0.05 21 4 

Mercury 
(3) (3) 

0.01 0.003 0 

Nickel 0.2 0.1 0.05 22 6 

Silver 0.4 0.2 0.05 0.018 0 

Zinc 0.5 0.4 0.02 3.0 3 

(1) Literature-based treatability estimates from Table 8-11. 

(2) Of 6 plants, nurrber exceeding treatability by sulfide/filter. 
(Level 3) 

(3) Treatability with this techrx:>logy rot available. 

NA Not Applicable 
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TABLE 11-36. PROPOSED LIMITATIONS 
Chlorine- Diap:rragm Cell 

Best Practicable Control Technology Ou:rently Available 
Waste water Flew: 8. 8m3jkkg 

Concentration Basis Effluent Limit 
Pollutant Max (mg/1) (kg/kkg) 

VFR(l) Max 
Subcategory 30-day 24-hr 30-day 24-hr 
Perfonnance avg. max. avgo max. 

(mg/1) 

Conventional Pollutants 

TSS 57 2.,1 57 120 0.51 1.,1 

Toxic 

Arsenic 0.50 (3) 2.6 0.50 1.3 (5) (5) 

Cadmium 0.10 <3> 2.6 0.10 0.26 (5) (5) 

Chran:i.um 0.10 (3) 2.6 0.10 0.26 0.00088 0.0023 

Copper 0.5o<3> 2.6 0.50 1.3 0.0044 0.011 

Iead 1.1 (4) 2.6 1.1 2.9 0.010 0.026 

Nickel 0.50 <3> 2.6 0.50 1.3 0.0044 0.011 

Zinc 0.50 (3) 2.6 0.50 1.3 0.0044 0.011 

(1) - VFR: ratio of the 24 hour variability factor to the 30-day variability 
factor 

(2) - Verification sampling 

(3) - I...c:Mer limit of literature treatability (Table 8-11) : used when observed 
sampling data 

(4) -Based on long-term m::mitoring data 

(5) -No effluent limitation proposed 

258 



(0.30 kg/kkg) (1.7) = 0.51 kg/kkg 

and a maximum daily limit of: 

(0.30 kg/kkg) (3.5) = 1.1 kg/kkg 

The concentration bases then are derived by applying the 
model plant flow ~ate of 8.8 m3/kkg to obtain a 30-day average 
concentration of 57 mg/1 derived as follows: 

(
0.51 kg/kkg'\(1000 mg/1) = 57/mg/1 
8.8 m3/kkg) kg/m3 

and a daily maximum concentration of 120 mg/1 derived from the 
variability factor ratio (VFR: 3.5/1.7 = 2.1) as follows: 

(2.1) (57 mg/1) = 120 mg/1 

Toxic Pollutants -

A. Lead: The proposed BPT limitations for lead are based 
on long-term monitoring data from one graphite anode plant as 
presented in Appendix A. The plant is achieving a long-term 
average lead discharge of 0.0064 kg/kkg. 

Statistical analysis of monitoring data from the plant 
established a 30-day average variability factor of 1.6 and a 24-
hour variability factor of 4.1. The ratio of the two 
variability factors, VFR, is 2.6. The proposed 30-day average 
limitation for lead was then obtained by multiplying the 
variability factor for 30-day averages by the long-term average 
load1 i.e., 1.6 x 0.0064 kg/kkg = 0.010 kg/kkg. Similarly the 
daily maximum limitation was obtained by multiplying the daily 
maximum variability factor by the long-term average load; i.e., 
4.1 X 0.0064 kg/kkg = 0.026 kg/kkg. 

The concentration basis for lead is derived from the 
relationship between concentration (C), unit lead (L), and unit 
flow (Q) • 

C (mg/1) = L (kg/kkg) (1000 mg/~' 
·.o (m3/kkg) , kg/m3 / 

Thus the concentration basis for the maximum '30-day average 
for lead is: 

(
0.010 kJ/kkg) (1000 mg/1) = 
8.8 m3 kkg kg/m3 . 

1.1 mg/1 

The concentration basis for the daily maximum limitation is 
obtained -similarly or by applying the variability factor ratio 
(VFR) of 2.6 to the maximum 30-day average concentration: 
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( 1.1 mg/ 1) ( 2 • 6) = 2 • 9 mg/ 1 

Monitoring data from six diaphragm cell plants presented in 
Table 11-37 indicates that plants using metal anodes are meeting 
the BPT lead limitations. One of two graphite anode plants is 
meeting the limitations. 

The limitations proposed for additional toxic pollutants 
are derived from two sources sampling data and 
literature-based treatability estimates. The concentration 
bases are derived from effluent sampling unless the observed 
concentrations are below treatability estimates. In such cases 
the lower limit of the applicable treatability level was used 
(Table 8-1) • 

B. Chromium: Raw waste concentrations of chromium were 
observed as high as 1.9 mg/1 (Table 11-26). Table 11-38 
presents effluent data from the sampling of two diaphragm cell 
plants which indicate an achievable final discharge 
concentration of 0.05 mg/1 chromium.' Because this is below the 
treatability estimate of 0.10 mg/l with BPT technology (Table 
11-35), the treatability concentration has been used as the 30-
day averag,e basis for deriving BPT limitations for chromium. 

Because no long-term monitoring data is available for 
chromium in this industry, the same variability factor ratio 
(VFR) obtained from monitoring lead in the discharge at one 
plant is used to obtain daily concentration limits. 

(0.10 mg/1) (2.6) = 0.26 mg/1 

To obtain effluent lead limitations for chromium, the 30-
day average concentration is multiplied 5y the unit flow: 

(0 .10 mg/1) (8.8 m3/kkg)( kg/m3 ) = 
1000 mg/1 

and the daily maximum effluent limit is 

(0. 26 mg/1) (.8. 8 m3/kkg)( kg/m3 ) = 
1000 mg/1 

0.00088 kg/kkg 

0.0023 kg/kkg 

c. Copper, Nickel, and Zinc: Raw waste concentrations of 
these metals were observed as high as 17 mg/1 copper, 22 mg/1 
nickel, and 3.0 mg/1 zinc. Table 11-35 indicates an achievable 
final discharge concentration of less than 0.10 mg/1 for these 
metals. Because this is below the literature-based treatability 
estimate of 0.50 mg/1 using BPT technology (Table 11-35), the 
treatability concentration has been used as the 30-day average 
basis for deriving BPT limitations for these metals. 
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TABLE 11-37. LEAD AND TSS DISCHARGES FROM SELEC!'ED DIAPHRAGM CELL 
cm.oRINE PLANI'S (1) 

SUBCATEGORY CHLORINE - DIAPHRAGM CELL 

Plant 
lead Discharge 

kg/kkg 

Average Maximum 

#589* 0.0020 0.030 

#738* 0.0010 0.015 

#261* 0.0025 0.019 

#014* 0.0060 NA 

#967 (3) 0.0064 0.026 

#207 0.021 0.054 

TSS Discharge 
kg/kkg 

Plant Average Maximum 

#014* 2.8<2> NA 

#207 0.30 0.57 

(1) From Reference 3 

(2) Plant has "once-through" bararretric condenser water 

(3) Long Tenn Data Appendix A 

* Plants with metal anodes 

NA: Not Available 
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TABLE 11-38. TOXIC POLLurANTS IN DIAPHRAGM CELL PLANT EFFLUENTS 

Effluent Concentration 
( mg/1) 

Metal Anode Plant Graphite Anode Plant 
#261 (1) #967 

Plant(~) I.ead Treatment 
Pollutant influent effluent influent effluent discharge 

Arsenic 0.17 0.12 0.28 0.36 0.30 

cadmitnn 0.037 0.004 < 0.023 < 0.015 <·0.015 

Chranitnn 1.9 < 0.050 0.10 < 0.050 < 0.050 

Copper 17 < 0.025 1.6 0.030 0.031 

Nickel 22 < 0.050 0.070 < 0.050 < 0.050 

Z:ind 1.5 < 0.025 0.93 < 0.10 0.15 

(1) Cell wash waste filtered with coagulant to rerrove asbestos 

(2} FlCM-proportioned average discharge, consisting of lead treatment 
discharge and untreated filter backwashes, condensates and scrubber 
wastes 
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Using the same VFR of 2.6 the daily concentration limits 
are thus, 

(0.50 mg/1) (2.6) = 1.3 mg/1 

To obtain effluent load limitations for these metals, the 
30-day average concentration is multiplied by the unit flow: 

(0.50 mg/1) (8.8 m3/kkg) ( kg/m3 ) = 0.0044 kg/kkg 
1000 mg/1 

and the daily maximum effluent limit is: 

(1.3 mg/1) ( 8. 8 m3/kkg) ( kg/m3 ) = 0. 011 kg/kkg 
1000 mg/1 

D. Arsenic and Cadmium: The maximum raw waste 
concentrations observed for arsenic and cadmium were below the 
literature-based treatability concentration for these metals 
(Table 11-35). For this reason only the concentration bases are 
presented in Table 11-36. The concentrations represent 
treatability for these metals and are meant to serve only as 
guidance should these pollutants be of concern. 

11.14.2 Basis for BA~ Effluent Limitations 

Previous BAT regulations called for no discharge of process 
waste water pollutants. The regulations were remanded. The 
proposed BAT regulations provide for the discharge of pollutants 
following appropriate treatment of process wastes. 

Technology Basis 

Utilizing the cost estimates presented in this report the 
Agency has analyzed the cost effectiveness of the base level 
system (BPT) and the advanced level optio~s (Levels 2 and 3) for 
conventional and toxic pollutant removal. The economic impact 
on the diaphragm cell chlorine subcategory has been evaluated in 
cOnsideration of the technology basis for proposed BAT 
limitations. The need for a reevaluation of cost-effectiveness 
based on new cost data will be assessed by the Agency before 
promulgation. 

For BAT the Agency is ,proposing limitations based on BPT 
technology with the addition of dual-media filtration (Level 2) 
and dechlorination of all process waste waters. Filtration will 
remove additional toxic metals and has been used successfully in 
the mercury-cell chlorine subcategory. Dechlorination is being 
included in BAT because the toxicity of chlorine to aquatic life 
is well documented and it is a pollutant of concern to the 
Agency (59). Two chlorine plants are known to be practicing 
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dechlorination. The Agency considered the addition of sulfide 
precipitation (Level 3) to the treatment of cell room wastes but 
rejected it because further reduction of toxic pollutants in 
this stream only would not substantially improve total discharge 
quality. 

Flow Basis 

The flow basis for BAT limitations is the model plant total 
discharge of 8.8 m3/kkg. This flow reflects that expected at 
chlorine plants using graphite anodes. 

Selection of Pollutants to be Regulated 

For BAT regulations, the Agency bas selected the same seven 
toxic metals identified in the proposed BPT regulations, and 
total residual chlorine. 

Basis of Pollutant Limitations 

For BAT regulations, the Agency is proposing more stringent 
controls on the discharge of the seven toxic metals of concern 
on the basis of physical removal by filtration. Alkaline 
precipitation converts most dissolved metals into less toxic 
insoluble forms and excess alkalinity exists in most of the 
process wastes generated in this subcategory. Proposed BAT 
limitations are presented in Table 11-39. 

Nonconventional Pollutant -

Chlorine: Total residual chlorine limits are based on the 
detectable concentration of chlorine (0.2 mg/1) and on 
performance of dechlorination in the electric utility industry 
(58) because treatment should remove essentially all chlorine. 
Thus the 30-day average limit was set at 0.20 mg/1. 

The daily maximum limit for total residual chlorine was set 
at 0.34 mg/1 based on an evaluation of long-term monitoring data 
and determination of variability factors for total residual 
chlorine as presented in Appendix A. The ratio of 24-hour 
maximum variability factors to 30-day average variability 
factors for two plants was 1.7, thus the maximum 30-day average 
is given.by: 

(0.20 mg/1) (1.7) = 0.34 mg/1 

The determination of load limitations for total residual 
chlorine (kg/kkg) was calculated based on. the unit flow rate of 
8.8 m3/kkg, thus the maximum 30-day average is given by: 
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TABLE 11-39. PROPOSED LIMITATIONS 
Chlorine Diaphragm Cel:l 

Best Available 'l'echnolggy 
Waste Water Flow: 8. 8 m3 /kkg 

Concentration Basis Effluent Limit 

Pollutant Treatability VFR(l) Max 
(mg/1) Max(kg/kkg) 

(mg/1) 30-day 24-hr 30-day 24-hr 
avg. Ina.X. avg. Ina.X. 

Nonconventional Pollutant 

Total Residual 
-Chlorine 0.2 1.7 0.29 0.34 0.0018 0.0030 : 

Toxic Pollutants 

Arsenic 0.50(3) 2.2 0.50 1.1 (5) (5) 

cadmium o.o5<3> 2.2 0.05 0.11 (5) (5) 

Chromium(2) o.o5<3> 2.2 0.05 0.11 0.00044 0.00097 

Copper(2) 0.4o< 3> 2.2 0.40 0.88 0.0035 0.0077 

Lead(2) 0.22(4) 2.2 0.22 0.48 0.0019 0.0042 

Nickel (2) 0.10 (3) 2.2 0.10 0.22 0.00088 0.0019 

Zinc<2> 0.40 (3) 2.2 0.40 0.88 0.0035 0.0077 

(1) - VFR: ratio of the 24 hour variability factor to the 30-day average 
variability factor 

(2) - ~so applicable for PSES limitations 

(3) - Literat~e - b~d treatability estimate 

(4) - Based on filtration for BPI' subcategory perfonnance 

(5) - No effluent limitation proposed 

.. 

265 



(0.20 mg/1) (8.8 m3/kkg)( kg/m3 \ = 
· 1000 mg/1) 

0.0018 kg/kkg 

The 24-hour maximum limit was calculated similarly, 

(0.34 mg/1) (8.8 m3/kkg) ( kg/m3 ) = 
1000 mg/1 

Toxic Pollutants -

0.0030 kg/kkg 

Dual media filtration of BPT effluent will significantly 
reduce suspended metal precipitates. BAT limitations for the 
toxic metals of concern are based on literature-treatability 
studies as presented in Section 8.1 and summarized in Table 
8-11. 

A. Lead: Filtration of the BPT effluent is estimated to 
result in an 80 percent reduction of lead (41) giv~ng a final 
concentration of 0.22 mg/1. This value is used as the 
concentration basis for the maximum 30-day average limitation of 
0.0019 kg/kkg. Application of the model plant discharge' rate 
results in a loading of 0.0019 kg/kkg. That is, 

(0.22 mg/1) (8.8 m3/kkg) ( kg/m3 '\ = 
1000 mg/i} 

0.0019 kg/kkg 

The variability factor ratio (VFR) of 2. 2, used for BAT 
limitations, is from the analysis of mercury monitoring data in 
the mercury cell chlorine subcategory (Section 11.7.2). Mercury 
cell chlorine plants typically practice filtration of waste 
water and the value of 2.2 represents the average VFR of four 
plants. 

The daily maximum limitation is then, 

(2.2) (0.0019 kg/kkg) = 0.0042 kg/kkg 

and the daily maximum concentration basis is: 

(2. 2) (0. 22 mg/1) = 0. 48 ntg/1 

B. Chromium: Filtration of the BPT effluent is estimated 
to reduce the chromium concentration by approximately 60 percent 
(41) to give a final concent~ation of 0.050 mg/1. This value is 
used as the concentration basis for the maximum 30-day average 
effluent limitation. :Application of the model plant discharge 
rate results in a corresponding loading limitation of 0.00044 
kg/kkg. That is, 

{0.050 mg/1) (8.8 m3/kkg)( kg/m3, ) = . 0.00044 kg/kkq 
1000 mg/1 
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and, for the daily maximum limitation using the VFR value of 
2.2, one obtains: 

(2.2) (0.00044 kg/kkg) = 0.00097 kg/kkg 

The corresponding concentration basis is: 

(2.2) (0.050 mg/1) = 0.11 mg/1 

c. Copper and Zinc: Filtration of the BPT effluent is 
estimated to reduce the copper and zinc concentrations by 20 
percent (41) to give a final concentration of 0.40 mg/1. This 
value is used as the concentration basis for the maximum 30-day 
average effluent limitation. Application of the model plant 
discharge rate results in a loading limitation of 0.0035 kg/kkg. 
That is, - -

( 0. 40 mg/1) ( 8. 8 m3/kkg >( kg/m3 ' = 
1000 mg/1 -; 

0.0035 kg/kkg 

and for the daily maximum limitation using the VFR value of 2.2, 
one obtains: 

(2.2) (0.0035 kg/kkg) = 0.0077 kg/kkg 

and the daily maximum concentration basis is: 

(2.2) (0.40 mg/1) = 0.88 mg/1 

D. Nickel: The addition of filtration to the BPT effluent 
is estimated to achieve a 50 percent reduction of the nickel 
concentration. The basis of the proposed BAT limitation is 
therefore 0.10 mg/1 and results in a maximum 30-day average 
loading limitation of 0.00088 kg/kkg. That is, 

(0.10 mg/1) (8.8 m3/kkg) ( kg/m3 ) = 
1000 mg/1 

and the daily maximum is, 

(2.2) (0.00088 kg/kkg) = 0.0019 kg/kkg 

with a corresponding concentration basis of: 

(2.2) (0.10 mg/1) = 0.22 mg/1 

0.00088 kg/kkg 

E. Arsenic and Cadmium: Filtration of BPT effluent will 
reduce the cadmium concentration to 0.050 mg/1 but will not 
significantly reduce the arsenic concentration of 0. 50 mg/1. 
Because maximum plant raw wastes were below these 
concentrations, no effluent limitations are being proposed. 
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Concentration values presented in Table 11-37 are intended for 
guidance only. 

11.14.3 Basis for BCT Limitations 

Technology Basis 

Utilizing the cost estimates presented in this report, the 
Agency has analyzed the costs of BAT technology in removing 
conventional pollutants. This technology of dual-media 
filtration of all process waste water was found by the Agency to 
be cost effective in removing TSS. Proposed BCT limits for TSS 
are given in Table 11-40. This calculation is shown in Section 
3.3.3. 

Flow Basis 

The flow basis for BCT limitations is the same 8.8 m3/kkg 
used for both BPT and BAT limitations. 

Selection of Pollutants to be Regulated 

BCT regulations only apply to total suspended solids (TSS) 
and pH. 

Basis of Pollutant Limitations 

TSS limitations are based on technology performance of 
filtration of waste water flow from the mercury cell segment of 
the chlorine industry. Appendix Table A-1 presents long-term 
TSS monitoring data from a chlorine plant practicing filtration 
of process wastes. The maximum 30-day average limitations are 
based on a 30-day average concentration of 12 mg/1 using the 
diaphragm cell model plant discharge flow rate of 8.8 m3/kkg, 
namely: 

(12 mg/1) (8. 8 m3/kkg) ( kg/m3 ) = 0.10 kg/kkg 
1000 mg/1 

The variability factor ratio for this plant was 1.9. 
Applying this value to the 30-day limit, one obtains a 24-hour 
maximum limit of: 

(0 .10 kg/kkg) (1.9) = 0.19 kg/kkg 

with a corresponding concentration basis of: 

(12 mg/1) (1.9) = 23 mg/1 
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Pollutant 

TABLE 11-40. PROPOSED LIMITATIONS 
Chlorine Diaphragm Cell 

Best Conventional Techn91ogy 
Waste water Flow: 8. 8 m3 jkkg 

Treatability 
(mg/1) 

Concentration Basis 
VFR (1) Max (mg/1) 

30-day 24-hr 
avg. max. 

Total Suspended ( 2) 
Solids 12 1.9 12 23 

Effluent Limit 
MaJkg/kkg) 

30-day 24-hr 
avg. max. 

0.10 0.20 

(1) - VFR: ratio of the 24 hour variability factor to the 30-day variability 
factor 

(2) - Limitations based on teclmology transfer from mercury-cell chlorine 
subcategory; long-tenn rronitoring data fran Appendix A-1 
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11.14.4 Basis for New Source Performance Standards 

Technology Basis 

The Agency is basing NSPS limitations on the BAT technology 
of alkaline precipitation filtration and dechlorination and on 
the performance achieved at plants usi1;1g metal anodes. The 
conversion to metal anodes has largely eliminated the source of 
lead in waste waters, but residual lead contamination at a 
converted plant may exist for as long as a year or more. New 
metal anode plants should have relatively low lead 
concentrations in their waste waters. Proposed NSPS limits are 
presented in Table 11-41. 

Flow Basis 

The flow basis of 8.8 m3/kkg used for BPT and BAT 
limitations is conservatively being used for new sources. 

Selection of Pollutants to be Regulated 

For NSPS regulations, the Agency initially considered the 
same BAT pollutants (seven toxic metals and total residual 
chlorine), pH and TSS. However, following an evaluation of raw 
waste characteristics at a new metal anode facility (shown in 
Table 11-42) where residual metals contamination from previous 
graphite anode use does not exist, only two toxic metals were 
selected for regulation. A discussion of the selection of these 
metals is presented below. " 

Basis of Pollutant Limitations 

For NSPS regulations the Agency is proposing more stringent 
controls on the discharge of toxic metals of concern on the 
basis of lower raw waste loads generated at plants using metal 
anodes. NSPS proposed regulations a~~shown in Table 11-39. -,,, 

Conventional and Nonconventional Parameters -

A. pH: The treated effluent is to be controlled within 
the range of 6.0 to 9.0. This limitation is based on the data 
presented in Appendix B of this report and the JRB Stucy (52) • 

B. TSS: 
regulations. 

Limitations for TSS are the same as in BAT 

c. Total Residual Chlorine: Limitations for total 
residual chlorine are the same as in BAT regulations. 
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TABLE 11-41. PROPOSED LIMITATIONS 
chlorine Diaphragm Cell 

New Source Perfonnance Standards 
waste Water Flow: 8.8 m3/kkg 

VFR(l) 
Concentration Basis Effluent L:i.rnit 

Pollutant Treatability Max (rrq/1) Max kg/kkg 
(mg/1) 30-da.y 24-hr 30-day 24-hr 

avg. nax. avg. nax. 

Conventional and 
Non-Conventional 

TSS 12 1.9 12 23 0.10 0.20 

Total Residual 
Chlorine 0.2 1.7 0.2 0.34 0.0018 0.0030 

Toxic Pollutants 

Arsenic 0.50 2.2 0.50 1.1 (3) (3) 

cadmium 0.050 2.2 0.050 0.11 (3) (3) 

Chranium (2) 0.050 2.2 0.050 0.11 0.00044 0.00097 

Copper 0.40 2.2 0.40 0.88 {3) (3) 

~ad(2) 0.050 2.2 0.050 0.11 0.00044 0.00097 

Nickel 0.10 2.2 0.10 0.22 (3) (3) 

Zinc 0.40 2.2 0.40 0.88 (3) (3) 

(1) - VFR: ratio of the 24 hour variability factor to the 30-day 
.variability factor 

(2) - Also applicable to PSNS limitations 

(3) - No effluent limitation pro:r;:osed 
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TABIE 11-42. OOMPARISON OF RAW WASTE CHARACI'ERISTICS AT A NE.W METAL ANODE 
PLANT WITH TREATABILITY OF TOXIC METALS 

SUBCATEGORY 

Pollutant 

Arsenic 

cadmium 

Chromium 

Copper 

Lead 

Nickel 

Zinc 

CHWRINE DIAPHRAGM CELL 

Concentration(mg/1) 

Treatability (1) 

0.50 

0.050 

0.050 

0.40 

0.050 

0.10 

0.40 

Plant #738B (2) 
Raw Waste 

0.011 

<0.025 

0.066 

0.12 

0.11 

0.067 

0.093 

(1)- Literature based treatability estimates using BAT technology 
of dual media filtration following alkaline precipitation of 
rretals (Table 8-11) 

{2)- Verification sarrpling at new rretal anode facility 
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Toxic Pollutants -

Table 11-42 presents the results of verification sampling 
of raw wastes at a new chlorine plant using metal anodes. The 
total raw waste concentrations of toxic metals are, with the 
exceptions of chromium and lead, substantially below the 
estimated treatability of these metals using BAT technology, as 
shown in the table. For this reason only chromium and lead 
effluent limitations are proposed. Other metals are presented 
on a concentration basis for guidance purposes only. 

Lead and Chromium: The treatability of both lead and 
chromium using the BAT technology of alkaline precipitation 
followed by dual-media filtration is estimated at 0. OS mg/1 
(Table 8-11) • This value was used as the concentration basis 
for the proposed maximum 30-day average NSPS effluent 
limitations. Application of the model -plant discharge rate 
results in a corresponding loading limit of 0. 00044 kg/kkg. 
That is, 

(0. 050 mg/1) ( 8. 8 m3/kkg) ( kg/m3 ~ = 
1000 mg/1 7 

0.00044 kg/kkg 

and for the proposed daily maximum limitation using the VFR 
value of 2.2, one obtains: 

(2.2) (0.00044 kg/kkg) = 0.00097 kg/kkg 

The concentration basis for the daily maximum is, 
I 

(2.2) (0.050 mq/1) = 0.11 mg/1 

11.14.5 Basis for Pretreatment Standards 

Existing Sources 

For Pretreatment Standards for Existing Sources (PSES), the 
Agency is proposing the same limitations as for BAT based on the 
identical treatment technology without dechlorination being 
used for indirect dischargers (see Table 11-39). Dechlorination 
is unnecessary because chlorination of publicly-owned treatment 
wo,rks influent is fairly common. The pollutants to be limited 
are chromium, copper, lead,' nickel, and zinc. 

New Sources 

For Pretreatment Standards for New Sources (PSNS), the 
Agency is proposing the same limitations as for NSPS based on 
the identical treatment technology without dechlorination being 
used for indirect dischargers (see Table 11-41). Dechlorination 
is unnecessary because chlorination of publicly-owned treatment 
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• 

works influent is fairly common. The pollutants to be limited 
are chromium and lead. The pollutants (arsenic, cadmium, 
copper, nickel, and zinc) are not being limited based on the 
assumption that all new plants will use metal anodes. As shown 
in Table 11-42, these pollutants are below treatability levels 
at such a plant. 
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SECTION 12 

HYDROFLUORIC ACID INDUSTRY 

12.1 INDUSTRY PROFILE 

12.1.1 General Description 

Hydrofluoric acid (Hydrogen fluoride-HF) is produced both 
as anhydrous and aqueous' products. It is used in the 
manufacture of fluorocarbons which are used as refrigerating 
fluids, and plastics, for pressurized packing and as 
dispersants in aerosol sprays. It is used in the production 
of aluminum, in the refining and enriching of uranium fuel, 
pickling of stainless steel, in petroleum alkylation, and for 
the manufacture of fluoride salts. The industry data profile 
is given in Table 12-1. The status of regulations is given in. 
Table 12-2. 

12.1.2 General Process Description and Raw Materials 

HF is the most important manufactured compound 
fluorine family in volume of production. Fluorspar 
CaF2) ·and sulfuric acid are the raw materials used 
manufacture. Fluorspar and sulfuric acid 
endothermically at 200-250 degrees C and the reaction 
20-60 minutes. The reaction is given as: 

CaF2 + H2S04 + heat = CaS04 + 2HF 

of the 
(mainly 

for its 
react 

time is 

(1) 

The reaction kinetics , and the yield of product depends 
on the purity and fineness of the fluorspar. The concentration 
of sulfuric acid, the temperature of the reaction; and the ratio 
of sulfuric acid to fluorspar are among important variables. 

Crude fluorspar, as mined, varies in CaF2 content from 35 
to 90 percent. · The ore is upgraded by flotation which results 
in 98 percent CaF2 being available for the production of HF. 
The analysis of a typical upgraded fluorspar is given as: 

CaF2 
Si02 
s 
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TABLE 12-1 SUBCATEGORY PROFILE DATA SUMMARY 
- -- ======================= 

SUBCATEGORY HYDROFLUORIC ACID 
---------------------------------------------

Total subcategory capacity rate 

Total subcategory production rate 

Number of plants in this subcategory 

308 Data on file for 

• 

With total capacity of 
With total production of 
Representing capacity 
Representing production 

Plant production range: 
Minimum 
Maximum 

Average production 
Median production 
Average capacity utilization 

Plant age range: 
Minimum 
Maximum 

Waste water flow range: 
Minimum 
Maximum 

Vollltle per ~it product: 
Minimum 
Maximum 

363,000 kkg/year 

261,800 kkg/year 

9 

8 

* 177,000 kkg/year 
*· 

68 percent 

7,300 kkg/year 
62,000 kkg/year 

22,100 kkg/year 
15,800 kkg/year 

83 percent 

7 years 
58 years 

0 cubic meters/day 
4,700 cubic meters/day 

0 cubic meters/kkg 
86 cubic meters/kkg 

---------------------------------------------------------------------------
Sources of data are Stanford Research Institute, Directory of Chemical 
Producers, U.S.A., 1977, U.S. Department of Commerce, Current Industrial 
Reports, December 1977; Energy and Environmental Analysis, Inc.; and Draft 
Rep6rt, "Preliminary Economic Assessment of Effluent Limitations in the 
Inorganic Chemical Industry, "June, 1978 and "Economic Analysis of Proposed Revised 
Effluent Guidelines and Standards for the Inorganic Chemicals Industry," March, 1980. 
* Data inc:arplete because certain plants did not respond to this question. 
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TABLE 12-2 - STATUS OF REX.;UIATICNS - En"Lt1Em' LIMITATION GtJIDE:LINES 

Hydroflooric Acid 

H (40 CFR 415.80, 3/12/74) 

ST.ANDABDS 

B:EC'lt:A* ' BA1EA* NSPS* 
Max.l Avg.2 Max.l Avq.2 Max. 1 Avg.2 

Product Para- kg/kkg kg/kkg kg/kkg ~~ kc:c:J/1> kg/kkg 
Process meters {mg/1) (m;/1) (xrg/1} rrq. ) (rng/1) 

Hydro-
Nodi~e . No discharge fluoric Fluoride (30} (15) 

Acid of pwwp3 of pwwp 

TSS (50) (25) No diScharge No discharge, 
of pwwp of pwwp 

* Sections 415.82, 415.83, and 415.85 were remanded and are presently 
resez:ved (41 FR 51601, November 23, 1976). 
~. = Maximum of acy one day. 
2Avq. =Average of daily values for thirty oonsecutive days shall not exceed. 
3 

poMp = Process wastewater pollutants. 
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H20 
CaC03 

II 0.1% 
Principal remainder 

Silica is a highly objectionable contaminant, since each 
pound consumes 2. 0 pounds of fluorspar and 3. 3 pounds of 
sulfuric acid by the following reaction: 

Si02 + 2CaF2 + 2H2S04 = SiF4 + 2CaS04 + 2H20 (2) 

Sulfuric acid having a concentration as low as 93 percent 
or as high as 99 percent is generally used. Dilute sulfuric 
acid enhances better mixing and liberation of fluoride but 
has two disadvantages; viz., the dilute acid is very 
corrosive and the water present in the acid evaporates and 
distills off with the HF gas, thus reducing product 
concentration. Concentrated sulfuric acid (greater than 
98 percent) offsets these disadvantages but creates new 
problems. The vapor pressure of concentrated sulfuric acid is 
sufficiently high to cause large amounts of sulfuric acid to 
be carried away by the HF. Excess sulfuric acid, when used, 
will leave with the gypsum as part of the residue. 

HF generators are, in the majority of cases, externally 
fired rotary kilns in which acid and fluorspar are fed 
continuously through a screw conveyor at the forward end and 
gypsum is removed from the other end through an air lock. The 
product HF may discharge from either end. The theoretical 
amount of gypsum produced is 3. 4 kg/kg of HF produced, but 
because of the impurities in the fluorspar the actual amount 
of gypsum produced is higher and varies from 3.6 to 4.8 kg/kg of 
HF. 

One manufacturer uses a patented process to supply 
internal heat to the reactor. The heat is supplied by 
introducing sulfur trioxide (S03) and water (as steam) • 
The exothermic heat liberated by the reaction of S03 and water 
is used for the heat required for HF generation. Thus a part of 
the sulfuric acid is supplied as S03. 

The HF gas leaving the reactor is cooled in a precooler to 
condense high boiling compounds. The condensables are known 
as drip acid and largely consist of fluorosulfonic acid (HS03F) 
and unreacted sulfuric acid. In 1978, nine plants out of a 
total of eleven returned the drip acid to the reactor, 
while the remaining two sent the drip acid to the waste 
treatment plant. The HF gas from the precooler is cooled 
further and condensed in a cooler/refrigeration unit. The 
uncondensed gas containing the HF is scrubbed with sulfuric 
acid and refrigerated to recover the product. The scrubbed 
acid liquor is returned to the kiln, and residual vent gases 
are scrubbed further with water to remove HF and other 
fluoride compounds before they are vented to the atmosphere. 
The scrubber water is sent to the waste water treatment 
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plant. Figure 12-1 
manufacturing process. 

is a block flow diagram of the 

The crude HF 
impurities, and 
stored in tanks. 
then diluted with 
final product. 

is then distilled to remove the residual 
-the condensate, which is anhydrous· HF, is 
If aqueou·s HF is desired, the crude product is 
water to form a 70 percent HF solution as the 

12. 2 WATER USE AND WASTE SOURCE CHARACTERISTICS 

12.2.1 Water Use 

Water is used in HF production in noncontact cooling, air 
pollution control, product dilution, seals on pumps and 
kilns, and for equipment and area washdown. Although 
noncontact cooling constitutes the major use of water, water 
is also used, in a majority, of cases, in the transport of gypsum 
as a slurry to the waste water treatment facility. The 
water for gypsum transport is provided by either reusing the 
water from the treatment facility or by using once
through cooling water. Table 12-3 summarizes the water usage 
found in this study. 

12.2.2 Waste Sources 

Gypsum So1ids 

Gypsum solids are generated as a by-product. The 
amount produced is in the range of 3.6 4.8 kg/kg of HF 
produced. The gypsum also contains small amounts of sulfuric 
acid, HF, and calcium fluoride. Minor amounts of other 
impurities present in fluorspar are also removed with the 
gypsum. In five out of eleven plants producing HF, gypsum 
is slurried with treated waste water, neutralized with lime 
or soda ash, and pumped to a gypsum storage pond. In one plant 
the gypsum slurry is pumped to the storage pond without 
treatment and - in another plant partial neutralization is 
employed. Three plants transport the gypsum as a dry solid and 
dispose of it as a solid waste after mixing with lime for 
neutralization. The disposa1 method of one plant is not 
known. It should be noted that two of the eleven plants have 
recently discont·inued HF production, one of which is in the 
group of five. 

I 

When gypsum solids from the kiln are slurried with water 
for treatment, the resulting stream constitutes the major 
source of waste water. When kiln residue is disposeq of as a 
solid waste, scrubber waste water is the major source of 
waste. Table 12-4 gives the data for the direct and indirect 
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CESS AT ONLY 
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Figure 12-1. General process flow diagram for production 
of hydrofluoric acid. 
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TABLE 12-3. WATER US~GE IN THE HYDROFLUORIC ACID SUBCATEGORY 

====================================---===--== 

Water Usage at Plants 
(m3/kkg of HF) 

(1) (1) (1) 
Source i987 #251 #753 #426 #120 #722 #167 #705 

Non-contact 154 NA 63.5 llO NA 13.6 116 30.0 
Cooling 

Gypsum Slurry 64.0 NA. * N:l\ 22.5 41.6 30.0 
Transport 

M:lintenance, N:l\ 2.40 2.11 NA 0.1 12.2 5.00 16.9 
Equipment and 
Area Washdown 

Air Pollution 7.90 14.4 4.23 NA 0.586 14.5 40.0 11.3 
Control 

--------------------------------------------------------------------------
NA =Not Available 

* = Not Applicable 

(1) Discontinued HF production.~ 
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TABLE 12-4. WASTE WATER FLOW AND REUSE U~TA FOR THE 
HYDROFLUORIC ACID SUBCATEGORY 

Plant 

tl20 

i426 

(3) 
l987 

Kiln Residue 
(1) 

Handling 

D 

D 

D 

Reuse for 
Kiln Residue 

(2) 
Slurry 

(Percent) 

(4) 

(4) 

(4) 

Influent to 
Treatment 

Facility 

(m3/kkg) 
HF 

9.10 

0 

13.6 

--=========== 
Treated 
Effluent 

Discharged 

(m3/kkg) 
HF 

9.10 

Not available 

13.6 
----------------------------------------------------------------------
~837 s 0 120 120 

#967 s 0 125 125 

(3) 
i251 s 0 84.7 84.7 

(3) 
#705 s 30.0-35.0 58.2 39.3 

fl:l67 s 47.0 166 88.2 

fl:753 s 65.0 31.4 11.1 

ft928 s 83~0 55.5 9.40 

#664 s 94.0 96.6 5.80 

1722 s 92.0-100 120 7. 20 
-----------------------------------------------------------------------
Averages: (S only) 42.8 percent 95.4 m3/kkg 54.6 m3/kkg 

(1) D =Dry disposal S = Slurried to treatment 

(2) Percent of waste water flow reused for residue slurry after 
treatment. 

(3) Dicontinued HF production. 

(4) Not Applicable. 
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process contact waste water going to treatment facilities. 
Noncontact cooling water has not been included in the figures 
given in Table 12-4. · Figure 12-2 is a graphical 
representation of production versus waste water flow to in
J.?lant treatment facilities for plants whose waste water 
1ncludes the gypsum slurry and for those practicing disposal 
of kiln residue as a solid waste. 

Drip Acid 

This is formed in the first stage of the cooling (i.e., 
in the precooler) of the gases emitted from the kiln. Drip 
acid mostly contains high boiling compounds consisting of 
complex fluor ides-, especially fluorosulfonic acid, and small 
amounts of hydrofluoric acid, sulfuric acid, and water. 
Fluorosulfonic acid is formed by reaction between 
hydrofluoric acid and sulfuric acid in the absence of water. 
The quantity of drip acid produced is relatively small. In the 
plants which recycle the drip acid back to the reactor, it is 
mixed with the sulfuric acid feed stream before it enters the 
kiln where it is hydrolyzed to form sulfuric acid _and 
hydrofluoric acid. The critical factors for hydrolysis are 
temperature and retention time and enough water is normally 
present in the kiln for the reaction. 

Noncontact Cooling Water 

Noncontact cooling water is used for precooling the 
product gases emitted from the kiln. The possibility of product 
or other process compounds leaking into the cooling water is 
very small; however, in the event that the cooling water does 
become contaminated, the proposed limitations for fluoride may 
be exceeded. Depending on the merits of the situation, the 
upset and bypass provisions may apply. In some plants, the 
coolin~ water is used to transport the waste gypsum. 

Scrubber Waste Water 

Scrubber water is another waste water source, and in 
plants whieh practice dry disposal of gypsum, scrubber water 
constitutes the predominant and major source of waste water. It 
contains fluor ide, sulfate, and acidity. The fluor ide is 
present as HF, silicon tetrafluoride (SiF4), and hexafluosilicic 
acid (H2SiF6). Silica present in the or~ as an impurity reacts 
with HF forming silicon tetrafluoride as shown in Equation 3. 

Si02 + 4HF = SiF4 + 2H20 (3) 

In the scrubber, the tetrafluoride is converted to 
hexafluosilicic acid according to the following equations: 
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HF Production, kkg/day 

Figure 12- 2. Production versus waste flow data for HF plants. 
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SiF4 + 2HF = H2SiF6 (4A) 

3SiF4 + 2H20 = 2H2SiF6 + Si02 (4B) 

Distillation Wastes 

The distillation waste generally contains HF and water. 
In some cases the vent gases from the distillation column are 
scrubb,ed before they are emitted to the atmosphere, and the 
resulting scrubber water requires treatment. 

The range of waste water quality of the different 
streams generated from · the production of HF is summarized in 
Table 12-5. The data are taken from the prior development 
documents, 308 Questionnaire responses, and industry visits. 

Other Solid Wastes 

The total solids generated from the process and the 
treatment system consist of gypsum and the fluoride 
precipitated as calcium fluoride. Table 12-6 gives the amount 
of suspended solids generated from the process and the 
quantity of total suspended solids generated at the waste 
water treatment plant for the HF plants visited in screening 
and verification.- The data· indicate that the gypsum waste 
constitutes more than 95 percent of the total solids 
produced. Table 12-7 gives the amount of gypsum solids 
produced at different HF manufacturing facilities. The data 
shows that 3.8 to 4.7 kg gypsum solids are produced per kg of 
product. 

12.3 DESCRIPTION OF PLANTS VISITED AND SAMPLED 

12.3.1 Screening 

Plant #705 was visited and process waste water samples 
were collected and analyz'ed for conventional, nonconventional 
and toxic pollutants. The process used at this site is 
similar to the conventional HF manufacturing process 
described earlier. The drip acid is sent to the waste water 
treatment facility and the gypsum produced from the reactor 
is slurried with water and also sent to the treatment 
facility. The waste waters from the HF production facility 
are combined with the aluminum fluoride plant waste waters. 
The combined raw waste water is treated with lime and sent 
to settling ponds before discharge. Figure 12-3 shows the 
general process and the locations of the sampling points. 
Table 12-8 gives the flow data and the total suspended 
solids (TSS) and fluoride emissions. 
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'12\BLE 12-5. WASTE FIJ:1il FR0.\1 HYDROFIOORIC ACID MANUFAC!'ORJ:N; PIANTS 

Flow in m3 /kkg of Hydrofluoric Acid 

Plants 
Source of 

#25l(l)' #987 (l) #705 (l) Waste Water #753 #426 #120 #722 #167 #837 

Gypsum Slurry 64.0 D:ry NA D:ry D:ry (Total 122 (Total 6.50 
disposal disposal disposal Recycle) Recycle) 

Drip Acid 0.0490 0 0 0 0 0 NA 0.0180 0 

Scrubber 14.4 8.30 2.30 NA 0.624 (Total 40.0 11.3 1.12 
Waste Water Recycle) 

* Other 0.530 0.530 8.40 NA 5.55 NA 5.20 22.5 NA 

(1) Discontinued HF production 

NA = Not Available 

* Other does not include wasteflows from storm water rurx:>ff. 



TABLE 12-6. SOLID WASTE GENERATED AT THE HYDROFLUORIC ACID PLANTS SAMPLED 

Plant 

#705 (l) 

#251 (l) 

#167 

Gypsum Solids Going To 
Treatment Facili cy 

(kg/kg of HF) 

4.73 

3.81 

3.94 

(1) Discontinued HF production. 

NA = Not Available 

287 

Total Solids Produced 
(kg/kg of HF) 

4.78 

NA 

NA 



TABLE '12- 7. GYPSUM SOLIDS PRODUCTION IN THE HYDROFWORIC ACID SUBCAT:EX;ORY 

Kiln Residue Produced Kiln Residue 
Plant (kg/kg of HF) Disposal/Treatment Method 

i837 3.86 s 

t705 <1 > 4.73 s 

:lfl67 3.9.4 s 

i722 NA s 

4hzo NA D 

i426 4.00 D 

*987 <1 > 4.13 D 

i¥251 {1 ) 3.81 s 

1753 NA s 

i967 NA s 

1928 NA s 

S = Slurried with -water and sent to -wastewater treatment facility. 

D = Dl:y disposal. 

NA = Not Available. 

(1) Discontinued HF production. 288 
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TABLE 12-8. FI..a-1 AND POLLUTANT CONCENTRATION DATA OF THE SM11?IED WASTE 
STREAMS OF PLANT #705 PRODUCI:NG HYDROFLUORIC ACID (1) 

Stream 
No. 

1 

2 

3 

4 

Sanpled 
Stream 

Description 

Kiln Slurry 

Scrubber Waste 
Water 

Surface Drains 
Cooling Tower 
Blowdoim 

Treatea Effluent 

Screening Data 2) 

Flow Fluoride 
(m3/kkg of HF) (kg/kkg of HF) 

26.6 

10.0 

20.0 

23.3{3) 

15 

9.6 

6.9 

1.6 

'lbtal 
Suspended 
Solids 

(kg/kkg of HF) 

4700 

0.070 

3.9 

1.9 

(1) This plant has discontinued the production of HF since the time of 
sanpling. 

(2) One 72-hour conposi te sarrple of each waste water stream.-

(3) The discharged effluent consists of the treated waste waters from 
hydrofluoric acid and aluminum fluoride plants. 
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12.3.2 Verification 

The same streams at Plant =~705 were sampled again in the 
verification phase. The variation in the flow of the streams 
in the two sampling phases was negligible. Table 12-9 gives 
the TSS and fluor1de load summary of the sampled streams. 

Two more HF plants (Plant #251 and fl67) were sampled in 
the verification phase. The drip acid at both facilities is 
also sent to the waste treatment plant and the hydrofluoric 
acid waste waters are combined with aluminum fluoride 
plant waste for treatment. In addition to drip acid, Plant 
#251 waste water consists of scrubber water, gypsum slurry, 
and plant area hose down. The treatment consists of gypsum 
ponds where the suspended solids are removed. The overflow 
from the last gypsum pond is ne~tralized and the pH adjusted 
with wastes from other product lines. Figure 12-4 is a block 
diagram of the process showing the sampling locations at Plant 
:f/.251. 

At Plant #167, the major raw waste sources are the kiln 
waste slurry, the absorber tails from the condensate (drip 
acid) recycle system, and the ejector water which is used to 
quench the off-gases from the absorber. All three of these 
waste streams are collected in a common neutralization pit where 
lime slurry is added. The waste then flows into a series of 
three lagoons for solids removal and final pH adjustment prior 
to discharge. Most of the gypsum settles out in the first 
lagoon and the overflow enters the second lagoon where 
commingling with wastes from other processes takes place. 
Verification sampling data from this plant were obtained 
from four sampling points. These are: l) the kiln waste 
slurry, 2) the absorber tails, 3) the ejector water, and 4) the 
effluent from the first lagoon. The fourth sampling point is 
the last point at which all waste water originating in the HF 
plant can be intercepted. 

12.3.3 Summary of the Toxic Pollutant Data 

Eleven toxic pollutants were found in the raw waste 
samples from HF Plant :fl:705. They were also verified at three 
other typical HF plants practicing BPT treatment. No organic 
toxic pollutants were found at detectable levels. The results 
were: 
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TABlE 12-9. FIIJil AND POLLUTANT CONCENTRATION DATA OF THE SAMPLED WASTE STREAMS 
FOR PlANTS #705, #251, AND #167 PRODUCING HYD:OOFLUORIC ACID 

Verification Data(l) 
'Ibtal 

Plant Stream Sarrpled Flow Fluoride Suspended 
No. Stream (m 3 /kkg of HF) (kg/kkg of HF) Solids 

Description (kg/kkg of HF) 

#705(2) 1 Kiln Slur:r:y 26.6 3.8 4700 

2 Scrubber lvaste 10.0 1.5 0.019 
Water 

4 Surface Drains 20.0 3.4 4.0 
Cooling ToWer 
BlowOown 

5 Treated Effluent 23.3(3) 0.54 0.040 

#251(2) 5 AHF Plant 1.20 1.9 0.26 
Hosedown 

6 so2 scrubber 14.4 0.31 0.10 

Waste 

2 Gypsum Pond Inlet 84.7 58 3800 

3 Gypsum Pond 84.7 27 0.80 
OUtlet 

f:l67 1 Kiln Slur:r:y 122 4.9 170 

2 Ejector & Absorber 25.0 14 0.36 
Unit Wastes from 
Kilns #1,#2, and 
=lf4 

3 Ejector & Absorber 14.6 20 0.41 
. "Unit Wastes from 

Kilns #5 and #6 

4 Effluent from 162 11 22 
First Lagoon 

(1) Three 24-hour conposi te sarrples of each waste water stream. 

(2) 'Ihese plants have now discontinued their HF production. 

(3) Consists of the corribined flow from hydrofluoric acid and aluminum 
flu:::>ride plants. 
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Maximum Raw Waste Concentrations Observed 
(pg/1) 

Pollutant 

Copper 
Lead 
Selenium 
Zinc 
Antimony 
Arsenic 
Cadmium 
Chromium 
Mercury 
Nickel 
Thallium 

Screening 
Plant f705 

770 
5200 

25 
8100 

70 
10 

2.0 
73 

2.0 
150 

5.5 

Verification 
Plants #705, f251, 

f.l67 

600 
200 
230 

lJOOO 
2800 
160 

60 
1200 

43 
2000 

63 

Section 5.1.2 of this report describes the methodology of 
the screening and verification sampling program. In the 
Hydrofluoric Acid industry, a total of 12 days of sampling 
were conducted at Plants ¥705, f.251, and fl67. Sixteen 
different sampling points were involved covering the raw waste 
source, the various raw waste streams, and the treated 
effluents at these plants. The evaluation of toxic metal 
content of these process related waste streams was based on 
572 analytical data points. The screening for toxic organic 
pollutants at Plant f705 generated an additional 635 
analytical data points. The daily raw waste loads were 
calculated from the waste stream flow rates measured or 
estimated at the time of sampling and the measured pollutant 
concentration. 

That is, 

Daily loading (as kg of pollutant 
per day) 

Where: 

(C) (Q) 
= 1000 

C is the concentration of the pollutant expressed in units 
of mg/1 (Note: kg/m3 = 1000 mg/1), and 

F is the waste 
m3/day. (m3, a 
gallons) 

stream 
cubic 

flow rate 
meter, is 

expressed 
equal to 

in units of 
264.2 u.s. 

Similarly, the unit loadings were calculated from the 
reported hydrofluoric acid production rate, the waste stream 
flow rate, and the measured pollutant concentration. 

Unit loading (as kg of pollutant 
per kkg of hydrofluoric acid) = 
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Where C and F are the same as described above, and P is the 
hydrofluoric acid production rate expressed in units of 
kkg/day. (kkg is 1000 kg, a metric ton, which is equal to 
2205 lbs.) 

The minimum, average, and maximum values are based on 
data from those plants where the particular pollutant was 
found at concentrations greater than the analytical detection 
limits and significant in that it could conceivably be 
treated by an available treatment technol~gy regardless 
of economic considerations. 

In Table 12-10, the toxic pollutant raw waste data are 
presented as the average daily concentrations and the unit 
loading found at the individual plants. The overall averages 
are also shown and were subsequently used in the calculations 
of the average daily loadings and the average unit loadings 
shown in Table 12-11 along with the corresponding minimum and 
maximum values. 

Based on the total annual production of this ~ubcategory 
and the average waste load generated per unit product, the 
estimated total toxic pollutant raw waste loads generated- each 
year for this subcategory are as follows: 

Pollutant 

Copper 
Lead 
Selenium 
Zinc 
Antimony 
Arsenic 
Cadmium 
Chromium 
Mercury 
Nickel 
Thallium 

12.4 POLLUTION ABATEMENT OPTIONS 

12.4.1 Toxic Pollutants of Concern 

Waste Load (kg/year) 

6600 
10000 

260 
110000 

8900 
1400 

79 
4700 

130 
10000 

840 

Toxic pollutants in raw waste waters and slurries typical 
of the HF industry include the heavy metals often found 
as impurities in fluorspar. These metals are zinc, -lead, 

295 



TABLE 12-10. TOXIC POLLUTANT RNN WASTE ~TA 
===--===== 

SUBCATEGORY: HYDROFLUORIC ACID 
-----------------------------------------------------

(1) 
Average Daily Pollutant Concentrations and Loadings at Plants Sampled 

(mg/1) 
(kg/kkg of Anhydrous HF) 

Overall 
#705(8) i705(V) ~251 (V) #167 (V) Average 

---------------------------------------------------------
~timony 0.018 0.010 0.12 0.74 

0.0010 0.00057 0.010 0.12 

~senic 0.051 * 0.11 0.028 
0.0029 * 0.0091 0.0046 

Cadmium 0.0014 0.0060 * 0.0030 
0.000080 0.00034 * 0.00047 

Chromium 0.062 0.26 0.47 0.074 
0.0035 0.015 0.040 0.012 

Copper 0.41 0.26 0.12 0.32 
0.023 0.015 0.010 0.051 

Lead 2.47 0.044 0.059 0.062 
0.14 0.0025 0.0050 0.010 

Mercury 0.00090 0.0053 0.018 0.0010 
0.000050 0.00030 0.0015 0.00016 

Nickel 0.062 0.48 1.18 0.15 
0.0035 0.027 0.10 0.025 

Selenium 0.0070 * 0.017 0.0074 
0.00040 * 0.0014 0.0012 

'!ballium * * 0.039 0.019 
* * 0.0033 0.0030 

Zinc 4.0 o. 21 0.28 8.2 
0.23 0.012 0.024 1.3 

S - Screening data from one 72-hour composite sample of 
individual or combined raw waste streams. 

0.22 
0.033 

0.062 
0.0055 

0.0035 
0.00030 

0.22 
0.018 

0.28 
0.025 

0.66 
0.039 

0.0060 
0.00050 

0.47 
0.039 

0.011 
0.0010 

0.029 
0.0032 

3.2 
0.41 

V- Verification data from three 24-hour composite samples, averaged, 
from each raw waste sampling point. 

* - Concentration below significant level. 
(1) The methodology of the sampling program is described in Section 

5.1.2, and Section 12.3.3 presents the sqope of sampling in the 
Hydrofluoric Acid industry. 
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TABLE 12-11. S~~y OF ~ WASTE LOADINGS FOUND IN 
SCREENING AND VERIFICATION SAMPLING 

===================================---=================================== 
SUBCATEGORY: HYDROFLUORIC ACID 
-------------------------------------------------------------------------

Daily Unit 
loadings Loadings No. Of 
(kg/day) (kg/kkg) Plants 

Pollutant Minimum Average Maximum Minimum ~verage Maximum Aver~ged* 
-------------------------------------------------------------------------
Toxic 

Antimony 0.023 2.0 6.4 0.00057 0.034 0.12 4 

Arsenic o. 01'2 o.so 1.2 0.00030 0.0055 0.0090 3 

Cadmium 0.0031 o. 014 0.025 0.000077 0.00030 0.00047 ' 3 

Chromium 0.15 1.7 5.4 0.0035 0.018 0.040 4 

Copper 0.60 1.4 2.80 0.0096 0.025 0.051 4 

read 0.10 1.8 5.4 0.0025 0.039 o. 14 4 

Mercury 0.0021 0.057 o. 21 0.000050 0.00050 0.0015 4 

Nickel 0.14 4.1 14 0.00035 0.039 0.10 4 

Selenium 0.016 0.093 0.20 0.00040 0.0010 0.0014 3 

'Thallium 0.16 0.3\ 0.45 0.0030 0.0032 0.0033 2 

Zinc 0.49 21 72 0.012 0.41 1.3 4 

Conventional & Nonconventional 

TSS I 190000 310000 520000 3800 4200 4800 3 

Fluoride 13 2900 7900 8.8 34 58 4 

* Only those plants Where the pollutant was observed at significant 
levels were included. 

297 



nickel, antimony, chromium, arsenic, copper, and selenium. Raw 
waste waters from plants practicing dry disposal of kiln 
wastes may include some of the same heavy metals in 
scrubber and area washdown wastes, but in considerably smaller 
amounts, since the spent ore is hauled as a solid waste and 
bypasses the waste water treatment facilit±es. Although the 
fluorosulfonate anion is found in HF wastes containing drip 
acid, organic compounds are not anticipated in wast~ waters 
from this industry. No toxic organic pollutants were found at 
significant levels. 

12.4.2 Process Modifications and Technology Transfer Options 

1. Gypsum produced in the kiln can be disposed of as a 
solid waste instead of being slurried with water and sent to 
the waste water treatment facility. The .solids in this case 
are mixed with lime and stored in piles on the land surface 
until alternative disposal methods are found or the 
site abandoned. Although the dry disposal method is 
labor intensive (involving transporation and landfill operating 
cost), it has been found to be less expensive due to the 
reduced initial capital requirement and operating costs 
relative to the wet slurry method which requires a more 
extensive system of pipes, pumps, and on-site impoundments. 

2. The use of soda ash in place of lime for 
neutralization has some advantages. It eliminates or reduces 
the problem of scale formation in the pipelines and scrubbers 
when the treated waste water is recycled. It offers a faster 
reaction time and better control of pH than lime. Even though 
the cost of soda ash is higher than lime, soda ash has been found 
overall to be a less expensive alternative at some plants. One 
plant reported that a combination of brine and soda ash has 
been found to present the best alternative for operation of 
the recycle system at minimum cost. After the use of soda 
ash, the treated effluent water can be totally recycled, 
either to the scrubber or to the kiln for transportation water 
for the gypsum. 

As the pH approaches 6, sodium in soda ash replaces 
calcium pr-esent in the gypsum waste. This frees enough 
calcium ion to precipitate fluoride as calcium fluoride. Where· 
the scrubber water is the predominant source of waste water', 
the water has to be treated first with enough lime to 
precipitate fluoride as calcium fluoride. Soda ash can 
then be added to the supernatant to precipitate calcium 
followed by neutralization with HCl to reduce scaling 
problems. 

3. Two out 
hydrofluoric acid 
treatment facility. 

of a total of 11 plants manufacturing 
send the drip acid to the waste water 

The rest of the plants recycle it to the 
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reactor. When discharged to the waste treatment system, the 
fluorosulfonic acid does not hydrolyze and leaves with the 
treated effluent as a complex fluoride in soluble form. The. 
total fluoride concentration of the effluent will be higher 
for the plants discharging drip acid compared to those which 
do not, after the same neutralization treatment. The two 
plants discharging drip acid to waste looked into the 
feasibility of returning it to the kiln, but because of the 
unique design of the kilns, they found it to be economically 
unattractive. Bench scale studies have shown that the drip 
acid can be hydrolyzed to free the HF. 

HS03F + H20 + heat = H2S04 + HF (5) 

The two plants not returning the drip acid to the kiln 
should be able to hydrolyze the material in a separate unit 
before commingling it with other wastes, thus avoiding the 
treatability problem associated with complex fluorides. 

12.4.3 Best Management~Practices 

1. Runoff can be collected from raw material and product 
storage, process, and impoundment areas. It should be treated 
with other process waste at the waste water treatment 
facility. Leachate and permeate control needs to be practiced 
on the solid waste stored in many plant premises as gypsum 
piles. There is a risk that uncontrolled stockpiling _may 
contaminate the local ground.water. 

2. Ponds designed for solids removal must be deep enough 
to have a minimum of disturbance from wind and rain. In those 
areas where the rainfall rate exceeds yearly evaporation, 
the collection of runoff from raw material, product storage, 
procesp, and impoundment areas may lead to serious water balance 
problems. Recycle ponds would have to be designed to handle 
this excess loading. 

12.4.4 Prevailing Control and Treatment Practices 

Plant #705 combines the hydrofluoric acid wastes, 
including the gypsum slurry, with aluminum fluor ide waste. 
The combined waste water, after neutralization, is sent to 
settling lagoons before discharge. This plant was visited in 
both the screening and verification phases of the project and 
a fuller description of waste treatment practice is given below. 

Plant #837 combines the gypsum slurry and plant area 
hosedown waste water with the equipment washings, leaks, and 
spills etc. from the aluminum fluoride plant and neutralizes 
them with lime. The solids are removed in settling ponds 
before discharge. The waste water from scrubbers of ,both 

299 



hydrofluoric acid and aluminum fluoride plants · is 
an adjoining facility for use. 

sent to 

Plant ~251 also combines the hydrofluoric acid and aluminum 
fluoride waste water. The suspended solids in the combined 
waste water are removed in the gypsum ponds. The overflow 
from the gypsum ponds is neutralized and the pH adjusted with 
the waste water from other products which are manufactured on 
the site. The plant is in the process of installing a new 
proprietary treatment process to further reduce the fluoride in 
its waste waters. 

Two plants, #120 and #987, dispose of the kiln residue as a 
solid waste after lime addition. The waste water in both cases 
is treated with lime and the solids are separated; in one case 
in a clarifier followed by a filtration, and in the other 
by lagooning. 

At Plant #167, the combined 
gypsum) is neutralized with lime 
before discharge. 

waste water (including the 
and then settled in lagoons 

Plant ¥722 practices complete recycle. The gypsum slurry, 
scrubber water, and other waste waters are combined and 
treated with soda ash for neutralization. The neutralized 
solution is settled in lagoons and then is recycled to the 
scrubbers and to the kiln to slurry the gypsum. 

Plant #426 disposes of the gypsum solids from the kiln as a 
solid waste after lime addition. The scrubber water is used to 
make another product. The noncontact cooling water is 
neutralized when required with caustic soda and settled 
before discharge. 

12.4.5 Advanced Treatment Technologies 

Although alkaline precipitation, sulfide precipitation, 
the xanthate process, and ion exchange might be applied to 
clarified solutions for control of metal ions, only alkaline 
precipitation can be readily used for slurri~d kiln wastes from 
HF production. Sulfide precipitation from cleared solutions 
could be used to provide additional removal of zinc, lead, 
nickel, and copper and to a lesser extent, antimony. 

' ' 
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12. 5 SELECTION OF APPROPRIATE TECHNOLOGY AND EQUIPMENT 

12.5.1 Technologies for Different Treatment Levels 

Level 1 (BPT) 

Neutralization with lime, used widely in the HF industry, 
is shown as the BPT treatment, principally to control pH 
and the nonconventional pollutant fluor ide which is 
precipitated as calcium fluoride. Sufficient settled effluent 
may be reused to transport kiln waste to ·the treatment 
facility as a slurry, and the remainder is adjusted to a pH 
between 6 and 9 before discharge. The flow diagram is shown 
in Figure 12-5. 

Level 2 (BAT) 

Treatment is alkaline precipitation, using additional 
lime and close control of pH in second-stage 
neutralization, followed by lagoon settling. Sufficient 
lagoon effluent is reused to transport kiln waste to the 
treatment facility as a slurry and the remainder js filtered 
to remove finely divided metal hydroxides. The flow diagram is 
shown in Figure 12-6. 

Level 3 

It is assumed that 65 percent of the Level 2 effluent is 
reused for transporting spent kiln waste to the treatment 
facility. For the remaining 35 percent, pH adjustment and 
sulfide precipitation are used ahead of the Level 2 dual 
media filter, to react with residual lead, copper, nickel, 
zinc, and antimony which may not have reached their optimum pH 
levels for alkaline precipitation. The flow diagram for this 
treatment is shown in Figure 12-7. 

Level 4 

As an alternative to Level 2, Level 4 employs soda ash 
instead of lime for neutralization, depending on the spent 
ore to contain enough · calcium to precipitate calcium 
fluoride. Use of soda ash permits increased-effluent 
recycling without scaling problems associated with calcium 
sulfate. To control salinity and sodium alkalinity, a final 
effluent blowdown of at least 10 percent of the influent rate 
is maintained. The common heavy metals will be precipitated 
as carbonates and hydroxides with varying degrees of 
effectiveness at pH levels attainable with soda ash. The 
effluent is filtered and adjusted to a pH between 6 and 9 before 
discharge or process recycling. (Figure 12-8.) 
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Level 5 (NSPS) 

The proposed NSPS treatment is dry handling and off-site 
chemical landfill for the kiln waste and two-stage 
alkaline precipitation with clarification and filtration for 
the liquid process wastes. Heavy metal precipitation with 
soda ash permits partial recycling for uses other than slurry 
transport. (Figure 12-9.) 

12.5.2 Equipment for Different Treatment Levels 

Equipment Functions 

Level 1, typical of existing treatment facilities, 
utilizes very little equipment, but depends on lime 
neutralization in settling lagoons, with final pH adjustment. 

In Level 2, conventional dual media filtration is added to 
the Level 1 system. In Level 3, standard reagent mixing and 
solution feeding units are added to the Level 2 system. In 
Level 4, which is an alternate to Level 2, the same type of 
chemical feed equipment is used for soda ash as was used for 
lime in Level 2. Conventional lagoons and dual media filters 
are used in Level 4, but special attention to selection of 
materials is required because of the high salinity of 
recycled effluent. In the NSPS model, dry kiln waste disposal 
is recommended with conventional dry solids handling 
equipment. Lagoons, clarifiers, and filters are used for 
scrubber, noncontact cooling, and other miscellaneous 
liquid wastes. In this case, equipment for storing and 
handling the dry kiln waste is not considered to be waste 
water treatment, and the cost is not included in the cost 
estimates. 

Chemical Handling 

Lime (as CaO) is the major chemical used in Levels 1 and 
2, along with minor amounts of hydrochloric acid for final pH 
adjustment. With normal precautions, these chemicals pose 
no special hazards. In Level 3, ferrous sulfide is prepared 
on-site by mixing sodium bisulfide and ferrous sulfate. 
Although sodium bisulfide can release toxic H2S at pH levels 
below 7, the hazard can be mitigated by avoiding acid 
conditions and by providing adequate ventilation. After mixing 
its components, the ferrous sulfide solutio~ is stable at the 
pH levels employed in the process. In Level 4, only sodium 
carbonate and hydrochloric acid are used, without unusual 
safety hazards or special handling problems. In the NSPS system 
only lime, soda ash and hydrochloric acid are used, 
introducing no special problems of safety .or handling. 
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Separation and Remova1 of So1ids 

Solids are accumulated in unlined settling lagoons. In 
Level 4, calcium fluor ide will still precipitate in the 
Lagoons but the total sludge quantities will be less than in 
nevels 1, 2, and 3 where lime is used. Solids from Level 4 
treatment will be alkaline, very. saline, and difficult to 
consolidate. Dry solids from the Level 5 (NSPS) model are 
not subjected to treatment, except for nominal application. 
of lime before hauling in dry form to an approved chemical 
landfill. 

12.6 TREATMENT COST ESTIMATES 

12.6.1 General Discussion 

To prepare treatment cost estimates, · a model plant 
concept was developed. The proposed BPT model treatment 
consists of: 

A. Slurry transportation of kiln solids to an equalization 
basin. 

B. Application of lime to precipitate fluoride and toxic 
metals, followed by lagoon settling. 

c. pH adjustment before final discharge. 

D. Scrubber, cooling, and distillation wastes enter the 
equalization basin. 

It is assumed that drip acid is recycled to the process 
reactor and does not appear directly in the waste stream. 

For new or remodeled production facilities, the NSPS model 
treatment system is based on hauling dry kiln residue directly 
to a landfill. Miscellaneous liquid wastes in the NSPS model 
are subjected to two stage lime-soda ash 
neutralization/precipitation, followed by filtration and 
partial return of effluent for use in scrubbers. 

Waste Water F1ow 

The data in Table 12-4 for plants sending the gypsum 
solids to the treatment facility indicate that the unit flow 
varies from approximately 31.0 m3/kkg of HF to 166 m3/kkg of 
HF. For the model plants, a constant unit flow of 95.4 m3/kkg 
of HF was assumed. 
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BF Production 

In the HF subcategory, production ranges from a minimum 
of 7,300 kkg/year to a maximum of 62,000 kkg/year with a mean of 
22,100 kkg/year and a median of 15,800 kkg/year. For waste 
wat!=r treatment cost estimates, three production levels were 
selected as model plants. These are 19,100 kkg/year,- 38,200 
kkg/year, and 57,300 kkg/year. 

Waste Water Pollutant Load 

The amount of kiln residue varies from 3.8 to 4.1 kg/kg of 
HF produced. The waste water going to treatment model plants 
is assumed to contain 3.8 kg of solid kiln residue per kg of 
HF. Fluoride emissions in waste water have been shown to vary 
as indicated below: .. 

Source of Data 

Referen9e 3 

Reference 3 

Screening and Verification 
Phase Sampling 
(Tables 12-8 and 12-9) 

Fluoride, (kg/kkg) 

20 

37 

3.8 to 58 

For the model plants, the average fluoride loading from 
kiln wastes of 31 kg/kkg HF produced was used to e~tablish 
treatment requirements and related costs. 

The costs shown at each level of treatment correspond to 
the model plant BPT system (Level 1) and one or more 
alternative BAT systems (Level 2, 3', and 4) which may add 
to or modify the existing BPT system to meet more stringent 
priority pollutant removal requirements. The BAT system also 
provides a higher effluent water quality with respect to 
the conventional and nonconventional parameters. 

At each level of treatment, the cost elements 
associated with the typical rates of effluent reuse have also 
been included. However, the hydraulic loading on the 
treatment system is unaffected by reuse, and, therefore the 
total costs (including reuse) are independent of the particular 
rate of reuse that may be practiced. 

The estimated costs for thr~e models having different 
production levels are given in Tables 12-12, 12-13, and 12-
14. For these models, both the hydraulic and "the pollution 
loads per unit of production are held constant over the 
entire range of production. Annual treatment cost as a 
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TABLE 12-12. MODEL PI:ANT TREA'IMENT COSTS 

Subcategory HYDROFLUORIC ACID 

{1) 
Production 19,1~~ metric tons per year 

54 metric tons per day 

{1) 
{21,~57 tons per year) 
{60 tons per day) 

Waste water flow 522~ cubic meters per day. 

LEVEL OF TREA'IMENT* 

A. INVES'IM.ENT COST 

Construction ••••••••• 
Equipnent in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Reuse facilities •••••• 
Monitoring equipnent •• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land •••••••••••••••••• 

TarAL INVES'lMENT COST 

B. OPERATION AND 
MAINTENANCE COOT 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Reuse 0 & M ••••••••••• 
Taxes and insurance ••• 
Residual waste disposal 
Monitoring, analysis 
and reporting ••••••••• 

TarAL OPERATIOO AND 
MAINTENANCE COST 

C. AMCRTIZATION OF 
INVES'IMENT COST 

TarAL ANNUAL COST 

FIRST 

$877,5~fiJ 

356,11.1~~ 
3fiJ,~~~ 
9,~~~ 

254,5~~ 

254,5~~ 
1,11.12~.~~~ 

$2,8~1,5~~ 

SECCND 

$24,5fiJ~ 

89,5~~ 

22,8~11.1 

22,8~~ 

$159,6~~ 

$56,~~~ $14,~~~ 
14,~~~ 1,5fiJ~ 

534,8~~ 
172,65~ 15,96~ 

6,5~0 
84,~45 4,788 
35~.~~0 

15,~0~ 7,5~~ 

1,232,995 $43,748 

$289,85~ $25,966 

$1,522,845** $69,714 

THIRD 

$25,~fiJfiJ 

92,fiJ~fiJ 

23,4011.1 

23,4fiJfiJ 

$163,8~~ 

$14,~~~ 
1,8~fiJ 
3,4~~ 

16,38fiJ 

4,914 

7,5~~ 

$47,994 

$26,65~ 

$74,644 

*First level represents the base cost of treatment system. 
Other levels represent the incremental cost above base cost. 

**Including $11,1~~ for the reuse of treated effluent to slurry 
kiln residues, etc. 

{1) Production year is 35~ days. 
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FOORTH 

$24,5~~ 

89,511.111.1 

22,8~~ 

22,8~11.1 

$159,6fiJIIJ 

$14,~~~. 

1,5~~ 
367,7~~ 
15,96~ 

4,788 

7,5~~ 

$411,448 

$25,966 

$437,414 



TABLE 12-13. MODEL PIAN!' TREATMENT COSTS 

Subcategory HYDROFLUORIC ACID 

Production 
(1) 

38,200 metric tons per year 
109 metric tons per day 

10450 cubic meters per day. 

(1) 
(42,115 tons per year) 

Waste wat'er flow 
( 120 tons per day) 

A. INVESTMENT COST 

Construction ••••••••• 
Equipnent in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Reuse facilities •••••• 
Monitoring equipment •• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land •••••••••••••••••• 

TarAL INVES'IMENT COST 

B. OPmATION AND 
MAINTENANCE COST 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Reuse 0 & M ••••••••••• 
Taxes and insurance ••• 
Residual waste disposal. 
Monitoring, analysis 
and reporting ••••••••• 

TarAL OP~TIOO AND 
MAINTENANCE COST 

C. AMCBTIZATIOO OF 
INVES'l'Mmr COST 

TOTAL ANNUAL COST 

FIRST 

$1,354,500 

493,500 
40,000 
9,000 

379,400 

379,400 
1,944,000 

$4,599,800 

$56,000 
19,500 

1,069,600 
257,580 
10,000 

137,994 
700,000 

15,000 

2,265,674 

$432,098 

$2,697, 772** 

LEVEL OF TREA'IMENT* 

SECCND 

$35,000 

131,000 

33,200 

33,200 

$232,400 

$14,000 
3,100 

23,240 

6,972 

7,500 

$54,812 

$37,811 

$92,623 

THIRD 

$35,500 

137,500 

34,600 

34,600 

$242,200 

$14,000 
3,400 
6,700 

24,220 

7,266 

7,500 

$63,086 

$39,405 

$102,491 

*First level represents the base cost of treatment system. 
other levels represent the incremental cost above base cost. 

**Includes $16,500 for the reuse of treated effluent to slurry 
kiln residues, etc. 

(1) Production year is 350 days. 
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FOURTH 

33,200 

33,200 

$232,400 

$14,000 
3,100 

735,350 
23,240 

6,972 

7,500 

$790,162 

$37,811 

$827',973 



TABLE 12-14. r-KlDEL PIANT TREA'IMENT COSTS 

Subcategory HYDROFLUORIC ACID 

(1) 
Production 57,330 metric tons per year 

163 metric tons per day 
waste water flow 15700 cubic meters per day. 

(1) 
(63,173 tons per year) 
( 100 tons per day) 

A. INVES'IMENT COST 

Construction ••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Reuse facilities •••••• 
Monitoring equipment •• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land ••• !•••••••••····· 

TOI'AL INVES'IMENT COST 

B. OPffiATION AND 
MAINTENANCE COST 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Reuse 0 & M ••••••••••• 
Taxes and insurance ••• 
Residual waste disposal. 
Monitoring, analysis 
and reporting ••••••••• 

FIRST 

$1,755,500 

848,000 
50,000 
9,000 

532,500 

532,500 
2,880,000 

$6,607,500 

$56,030 
28,300 

1,604,403 
362,350 
13,000 

198,225 
1,053,300 

15,000 

LEVEL OF TREA'IMENT* 

SECCND 

$49,030 

203,500 

50,500 

53,500 

$353,503 

$14,300 
4,600 

35,353 

10,635 

7,500 

THIRD 

$50,000 

215,500 

53,100 

53,100 

$371,700 

$14,003 
4,900 

10,070 
37,170 

11,151 

7,500 

FOURTH 

203,50~ 

50,500 

50,500 

$353,500 

$14,000 
4,600 

1,133,025 
35,350 

10',605 

7,500 

TOI'AL OPffiATION AND 
MAINTENANCE COST 3,326,975 $72,055 $84,791 $1,175,080 

C. AMCRTIZATION OF 
INVES'IMENT COOT $606,464 $57,514 $60,475 $57,514 

TOI'AL ANNUAL COST $3,933,439** $129,569 $145,266 $1,232,594 

*First level represents the base cost of treatment system. 
other levels represent the incremental cost above base cost. 

**Includes $21,230 for the reuse of treated effluent to slurry 
kiln residues, etc. 

(1) Production year is 353 days. 
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~ 

function of production is shown graphically in Figure 12-10. 
Similarly, treatment cost per metric ton of product is given 
in Figure 12-11. 

To indicate the effect on costs of an increased pollution 
load per unit of production for the 38,200 kkg/year model plant, 
the pollution load was increased by 100 percent and the 
hydraulic load was held constant. The cost estimate indicated 
that the annual unit cost per metric ton of product at firs~ and 
fourth (incremental) levels of treatment increased 
approximately 40 percent and 90 percent respectively over the 
original model unit cost. The increased cost is due mainly to 
the additional cost of chemicals. Increase of pollutant loading 
had no effect on the unit cost of treatment at other levels of 
treatment. 

Similarly, for the same model plant, the hydraulic load 
was increased by 100 percent and the pollutant load was 
held constant. The cost estimate indicated that the annual 
unit cost per metric ton of product at the second and fourth 
levels of treatment increased approximatley 70 percent and 10 
percent respectively over the original model unit cos~. There 
was no significant impact on the unit cost at other levels of 
treatment. 

Table 12-15 presents a summary of the unit cost 
dis'tribution between amortization and operation and maintenance 
cost components at various production rates and levels of 
treatment. ' 

At the second, third and fourth levels of treatment, the 
cost estimates are based on part of the waste water flow being 
recirculated and the remaining flow being treated, thus the 
subsequent treatment units are sized and estimated for lower 
flows than if recycling were not practiced. 

12.6.2 Model Plant Control Costs for Existing Sources 

For the model plant control costs for existing sources at 
the first -level of treatment, the disposal of the sludge is 
on-site and hence the land requirements are fairly large. 
Chemicals, sludge hauling, and . disposal costs have a 
significant impact on the total annual costs. At the second 
and third levels of treatment however, amortization, labor and 
supervision costs constitute a major portion of >he additional 
annual costs. 

The fourth level of treatment is designed for recirculation 
of the major portion of the treated effluent and therefore, soda 
ash is used for neutralization in place of lime. Due to this 
change, chemic.al cost has a significant impact on the additional 
annual costs. 
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TABLE 12-15. MODEL PlANT TREA'IMENT COSTS 
- -- -========================== 

Subcategory HYDROFLUORIC ACID 

·------------------------------------------------------------

Annual Treatment Costs ($/kkg) of HF 

LEVEL OF TREA'IMENT 

COST ITEMS PRODUCTION FDOW FIRST SECOOD THIRD FOURTH 
(kkg/yr) (m3/day) 

Annual Operation 
and Maintenance 19,100 5,220 64.55 2.29 2.51 21.54 

38,200 10,450 59.31 1.43 1.65 20.68 
57,300 15,700 58.06 1.26 1.48 20.51 

Annual 
Amortization 19,100 5,220 15.18 1.36 1.40 1.36 

38,200 10,450 11.31 0.99 1.03 0.99 
57,300 15,700 10.58 1.00 1.06 1.00 

Total Cost 19,100 5,220 79.73 3.65 3.91 22.90 
38,200 10,450 70.62 2.42 2.68 21.67 
57,300 15,700 68.65 2.26 2.54 21.51 

-- ---------------------------------------------------
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12.6.3 Model Plant Control Costs for New Sources 

The basis of the selection of the model plant representing 
a new source is described earlier in this section. The 
estimated costs for three different models, . having three 
different production levels are given in Tables 12-16, 12-17, 
and 12-18. Both the hydraulic and pollutant loads are directly 
proportional to the production, i.e., ·the waste flow per unit • 
of production and the pollutant loading per unit of production 
are held constant. 

Annual treatment cost as a function of production is shown 
graphically in Figure 12-12. Treatment cost per metric ton of 
product is given in Figure 12-13. 

Table 12-19 presents a summary of the unit cost 
distribution between amortization and operation and maintenance 
components. 

For the model plant, the dry solids generated in the kiln 
are hauled to approved chemical dump sites, eliminating kiln 
waste slurry. The waste water sources are air pollution control 
(scrubbers), leak, spills, and washdowns. 

The cost of transporting dry kiln waste 'sludge to the 
approved chemical dump site has been included in the cost 
estimates,. The cost of conv,eying the dry solids from the kiln 
operation to the trucks (for transporting to the dump site) is 
not included in the cost estimate. Such costs, which can vary 
widely with site conditions, are considered to be process 
costs and not part of treatment. However, if such costs are 
to be considered as part of the treatment costs, then the 
estimated total annual costs per metric ton of product for the 
three model plants would ,be as follows: 

Production 
(kkg/year) 

19,100 
38,200 
57,300 

Flow 
(m3/day) 

680 
1,370 
2,030 

Total Annual Cost 
($/kkg) 

14.81 
9.68 
8.03 

Since the sludge disposal is not on site, the land cost 
has negligible impact on total annual cost. However, the cost 
of transporting the dry solids to the dump site constitutes 
about 75 percent of the annual costs. 
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TABLE 12-16. MODEL PLANT TREATMENT COSTS 

Subcategory HYDROFLUORIC ACID 

(1) 
Production 19,100 metric tons per year 

54 metric tons per day 
Waste water flow 680 tubic meters per day. 

============================= 

(1} 
(21,057 tons per year) 
( 60 tons per day) 

LEVEL OF TREATMENT* 

A. INVES'IMENT COST 

Construction ••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land •••••••••••••••••• 

TCYrAL INVES'IMENT COST 

B. OPERATICN AND 
MAINTENANCE COST 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal •••••••••••••• 
Monitoring, analysis 
and reporting ••••••••• 

TCYrAL OPERATION AND 
MAINTENANCE COST 

C. AMORTIZATICN OF 
INVESTMENT COST 

TCYrAL ANNUAL COST 

FIRST 

$64,000 

327,000 

9,000 

80,000 

80,000 
30,000 

$590,000 

$56,000 
6,100 

44,000 
56,000 
17,700 

742,000 

15,000 

$936,800 

$91,112 

$1,027,912 

*First level represents the base cost of treatment system. 
Other levels represent the incremental cost above base cost. 

(1) Production year is 350 days. 
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TABLE 12-17. MODEL PI.ANT TREA'IMENT COSTS 
===========================================--===== 

Subcategory HYDROFLUORIC ACID 

(1) 
Production 38,200 metric tons per year 

109 metric tons per day 
Waste water flow 1370 cubic meters per day. 

(1) 
(42,115 tons per year) 
(120 tons per day) 

LEVEL OF TREA'IMENT* 

A. INVES'IMENT COST 

Construction ••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land •••••••••••••••••• 

TarAL INVES'IMENT COST 

B. OPERATION AND 
MAINTENANCE COST 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal.~ •.•••••••••• 
Monitoring, analysis 
and reporting ••••••••• 

TarAL OPERATION AND 
MAINTENANCE COOT 

C. AMORTIZATION OF 
INVESTMENT. COST 

TOTAL ANNUAL Cg)T 

FIRST 

$94,500 

468,500 
> 

9,000 

114,400 

114,400 
60,000 

$860,800 

$56,000 
8,300 

88,000 
. 80,080 

25,824 

1,480,000 

15,000 

$1,753,204 

$130,290 

$1,883,494 

*First level represents the base cost of treatment system. 
Other levels represent the incremental cost above base cost. 

(1) Production year is 350 dayso 
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A. 

B. 

c. 

TABLE 12-18. MODEL PLANT TREA'IM.ENT COSTS 

Subcategory HYDROFLUORIC ACID 

(1) 
Production 57,300 metric tons per year 

163 metric tons per day 
Waste water flow 2030 cubic meters per day. 

------------------

(1) 
(63,173 tons per year) 
( 180 tons per day) 

LEVEL OF TREA'IM.ENT* 

INVES'IM.ENT COST 

Construction ••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land •••••••••••••••••• 

TDrAL INVES'IM.ENT COOT 

OPERATION AND 
l>iAINTENANCE COST 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal •••••••••••••• 
Monitoring, analysis 
and reporting ••••••••• 

TOTAL OPERATION AND 
l>IAINTENANCE COST 

AMCRTIZATION OF 
INVES'IM.ENT COOT 

TDrAL ANNUAL COOT 

FIRST 

$120,700 

601,000 

9,000 

146,140 

146,140 
84,000 

$1,106,980 

$56,000 
12,250 

132,000 
102,298 

33,209 

2,226,000 

15,000 

$2,576,757 

$166,438 

$2,743,195 
·-------------------------------------

*First level represents the base cost of trea~ent system. 
Other levels represent the incremental cost above base cost. 

(1) Production year is 350 days. 
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TABLE 12-19. MODEL PI.ANT TREA'IMENT COSTS 
=======--==============--==========--============ 

Subcategory HYDROFLUORIC ACID 

Annual Treatment Costs {$/kkg) of HF 

LEVEL OF TREA'IMENT* 

COST ITEM PRODUCTION FDOW FIRST SECOND THIRD FOURTH 
{kkg/yr) {m3/day) 

Annual Operation 
and Maintenance 19,100 680 49.05 Not Applicable 

38,200 1,370 45.90 
57,300 2,030 44.97 

Annual 
Amortization 19,100 680 4.77 

38,200 1,370 3.41 
57,300 2,030 2.90 

Total Cost 19,100 680 53.82 
38,200 1,370 49.31 
57,300 2,030 47.87 

* Only applies to first level. 
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12.7 BASIS FOR REGULATIONS 

12.7.1 Evaluation of BPT Treatment Practices 

Control and treatment practices for eleven plants 
producing HF are presented in Table 12-20. Also indicated 
are other product-related waste water sources and pollutant 
loads discharged. 

It 
effluent 
believed 

is clear from the table that a wide variation in 
quality exists within this subcategory. The factors 
to cause these variations are the following: 

Dry Residue Handling 

The disposal of kiln waste by dry handling rather than 
slurrying is practiced currently at three plants. This process 
eliminates the major source of waste water generated at most 
plants, greatly reducing the raw waste loads to be treated. 
The only sources of waste water remaining are from air pollution 
control and washdown. 

Effluent Reuse 

Reuse of treated waste water for slurry transport of kiln 
wastes is commonly practiced to varying degrees and clearly has 
a major effect on pollutant loads discharged. Although four 
plants do not practice reuse, it has been demonstrated 
sufficiently that this practice is both technologically and 
economically feasible. 

Recycle of Condensables 

Recycling of drip acid or condensable cooler bottoms 
reduces the loading of fluoride in the treated effluent 
since the fluoride species (fluorosulfonic acid) in this 
material is not removed by conventional lime treatment. Only 
two plants do not recycle drip acid. 

Other Related Products 

Most hydrofluoric acid plants also discharge wastes from 
related products such as aluminum fluoride, fluorocarbons, 
hexafluorosilicic and tetrafluoroboric acids to treatment. 
These other product wastes can account for higher raw waste 
loadings and increase the potential for complex fluor ides 
formation and can also impact treatment efficiency by diluting 
the raw waste. In addition, commingling of other product 
wastes will limit the percentage of reuse of the total plant 
treated effluent. 
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. TABLE 12•20. SUMMARY OF WASTE WATER CONTROL liNl) TREA'l'MENT TEX::HNOLOGlr EMPLOYED AT HYDROFLUORIC ACID PLANTS (l) 

Plant 

t 426 

t 664 

t 167 

t 120 

t 967 

t 928 

t 837 

t 753 

t 251 121 

t 705 121 

t 722 

• 987(2) 

• 
(1) 

Product-Related 
waste water sources 

Hydrofluoric acid 
fluosilicic acids 
production 

Hydrofluoric acid 
production 

Hydrofluoric acid, 
fluorocarbon, 
Chlorine/sodium 
hydroxide, and 
hydrochloric acid 
production 

Hydrofluoric acid 
production 

Control and Treatment 
Technology Employed 

Dry residue haulinq 
and dumpinq1 neutra-
lization with caustic 
of noncontact coolinq 
water and floor 
drainaqe 

Residue slurry, neutra-
lization with sodium 
carbonate, settlinq, 
recycle 

Residue slurry, lime 
treatment,settlinq, 
recycle 

Planned dry residue 
handlinq, lime 
treatment, clarification 

Amount of 
Treated 

Waste Water 
Reused 

0 

94t 

47t 

0 

Hydrofluoric acid, Residue slurry, settlinq Preoent: 0 
(Recycle and pH 'Planned: fluorocarbon, and 70t 

sulfuric acid polishinq facilities to 75t 
production under construction.) 

Hydrofluoric acid Residue slurry, settlinq, 83, 
and aluminum recycle (Flocculation, 
fluoride production lime treatment, and 

clarification facilities 
under construction.) 

All hydrofluoric Residue slurry, lime 0 
acid qenerated as treatment, settlinq 
used captively for 
aluminum fluoride 
production 

Hydrofluoric acid Residue slurry, lime 65t 
production treatment, settlinq, 

recycle, pH polishinq 

HT!, AlF3, chlorine/ Residue slurry, settlinq, 0 
sodium hydroxide, neutralization 
aluminum oxide, and 
fluorocarbon 
production 

Hydro~luoric acid Residue slurry, lime 30t to 35' 
and aluminum treatment, settlinq, 
fluoride production recycle, pH polishinq 

Hydrofluoric and, Residue slurry, lime 92t to lOOt 
in recent past, treatment, settlinq, 
fluoboric, recycle, pH polishinq 
acid production 

Hydrofluoric Acid Dry residue haulinq 0 

Cooler Bottoms 
(Condensable&) 

Recycled? 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

1 Kiln: Yes 
3 Kilns: No 

No 

Yes 

Yes 

Effluent Volume 
in m3/metric ton 

(qal/short ton) of 
Actual Production 

Lonq Term 
Averaqe Pollutant 

wasteload Discharqed 
(kq/metric ton) 

(lb/1000 lb) 
Fluoride TSS 

465 (111,397) 1.2 NO 
includes noncon-
tact coolinq 
water 

5. 78 (1,360) 0.10 0.27 

103 (24,200) 18 0.45 (Net) (J 

NO NO NO 

125 (30,000) Present: 24 16 
Expected 
with 1.8 2.1 
additional 
facilities 

9.44 (2,260) Present: l 1.7 
Expected 
with 0.65 0.75 
additional 
facilities 

134 (32,200) 1.8 3.1 

ll.O (2,650) 0.64 0.38 

22.2 X 103 46 530 
(553 X 10~) 

25.9 (6,204) 3.2 0.64 

0-10.3 (0-2,460) 0-0.81 0 to 0.54 

8.8 NO NO 

Adapted fran Calspan (Reference 3) • 
(2) Hydrofluoric Acid production has been discontinued at these plants since the time of samplinq. 
(3) Effluent loadinq less the influent loadinq. 
NO • Not determined. 
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In addition to the above factors, the design and operation 
of the treatment facilities affect effluent quality. Solids 
removal depends on retention time and surge capacity. 
Precipitation of fluoride requires careful pH control and in 
areas of heavy rainfall or winds, adequate freeboard or multiple 
ponds are necessary to limit the discharge of high pollutant 
loads due to unfavorable climatic conditions. 

Pollutant Removal with BPT Treatment 

Treatment level 1 is equivalent to the proposed BPT in the 
Hydrofluoric Acid industry. Table 12-21 presents a summary of 
long term effluent monitoring data on total suspended solids 
(TSS) and fluoride from four plants. Means, standard 
deviations, and variability factors are given where sufficient 
data are available. These performance characteristics are later 
utilized for the development of the proposed regulations on TSS 
and fluoride. 

The ability of BPT treatment to remove toxic pollutants 
can be estimated by comparing the raw waste data presented in 
Table 12-10 with the corresponding treated effluent data 
presented in Table 12-22. l'he latter expresses the removal 
efficiency as the calculated average percent removal observed 
at these plants. The BPT removal efficiency for some of the 
toxic metals is undoubtedly augmented to some degree by the 
fact that the raw waste may carry insoluble forms of the metals 
that were never completely leached out of the ore. Removal of 
these forms would take place simply by settling out~ however, 
the effluent concentrations of some metals such as chromium, 
nickel, and zinc remain at concentrations higher than should be 
achievable by alkaline precipitation. This suggests that these 
metals are largely in solution coming into the treatment system 
and that the optimum conditions for metal hydroxide formation 
were not being attained at the time of sampling. 

The original BPCTCA limitations for this subcategory shown 
in Table 12-2 required zero pollutant discharge except during 
periods of excess rainfall. Objections to the-zero-discharge 
limitations concerned the feasibility of using gypsum-saturated 
·water for reuse in the air pollution control scrubbers. 

The proposed BPT waste water control and treatment 
technology allows for the discharge of process waste water after 
appropriate treatment. This technology is practiced widely in 
the industry and should pose no technical problems. 
Implementation of BPT at all sites in the industry will achieve 
the indicated pollutant discharge levels. 

The nine plants presently producing hydrofluoric acid all 
have installed BPT treatment or the equivalent. At the time "of 
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TABLE 12-21. SUMMARY .OF LONG TERM ~ONITORING DATA FROM FOUR 
(1) 

HYDROFLUORIC ACID PL~ 
=============--====--================================================--= 

Treated Waste Load (kg/kkg) or (lb/lOOOlb) 

Daily 'D.:t ta 30-Day Average Data 
(2) Long Term (2) 

Plant 
Long Term 
Average 

(X) 
St.Dev. VF Aver,age St.Dev. VF 

No. Parameter (S) (S v) (X) (8) 

lt664 Fluoride 0.10 0.090 0.77 4.5 0.10 0.040 1.7 
TSS 0.29 0.27 

#753 Fluoride 0.72 0.27 0.36 2.2 0.64 0.15 1.4 
TSS 0.38 

lt722 Fluoride 0.81 o. 52 ' o. 59 3. 3 
TSS o. 54 0.37 0.62 3.5 

(3) 
it705 Fluoride 0.49 o. 22 1. 7 

(1) 

(2) 

TSS 0.84 0.37 1.7 

Based on Reference'3 data. 

In the case of daily measurements, the variability factor, VF, 
for a lognormal distribution is found by the expression ln(VF) = 
s• (Z- 0.58'), where s• is the estimated standard deviation of 
t9e logarithm derived from the arithmetic ~ean, X, and the 
arithmetic standard deviation, S, according to the relationship, 
(8')2 = ln [1.0 +(~)2J.When the value of Z is 2.33, the . 

variability factor for the 99 percentile is obtained. 
For 30-day average measurements, a normal distribution is 
obtained and the variability factor is found by the expression, 
VF = 1. 0 + Z ( ~ ) • When the value of Z is 1. 64, the 1 

variability factor is for the 95 percentile. Please refer to 
Section 8.2 for a more detailed discussion of the statistical analysis 
of long term data. 

(3) . 
Although Plant i705 does not recycle the drip acid, the TSS 
data is not adversely affected and is used as the basis for 
the 30-day average VF. 
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TABLE 12-22. TOXIC POLLl1l'ANl' TREATED EFFLUENl' OII.TA 

SUBCATEGORY: HYDROFLUORIC i\C!D 

(1) 
Average Daily Pollutant Concentrations and Loadings at Plants Sampled 

~ (kg/kkg ydrous HF) 
(2) 

01/'eratt Average 
l705(S) lt705{V) It~ 51 {V) H67(Vl Average % Removal 

Antimony <0.010 <0.0020 <0.17 0.047 <0.057 74 
<0.00021 <0.000042 <0.017 0.012 <0.0073 

Arsenic <0.0030 <0.010 <0.020 0.016 <0.012 81 
<0.000063 <0.00021 <0.0020 0.0040 <0.0016 

Cadmium 0.00030 <0.0017 <0.0020 0.0087 <0.0032 9 
0.0000060 <0.000035 <0.00020 0.0022 <0.00060 9 

Chromium 0.014 <0.046 0.22 0.050 <0.083 62 
0.00029 <0.00096 0.022 0.013 <0.0091 

Copper 0.10 <0.020 0.070 0.060 <0.063 77 
0.0021 <0.00042 0.0069 0.015 <0.0061 

Iaad 0.0060 <0.022 <0.031 0.010 <0.017 97 
0.00012 <0.00046 <0.0031 0.0026 <0.0015 

"lercury <0.00040 <0.00050 <0.0010 0.0065 <0.0020 67 
<0.0000080 <0.000010 <0.00010 0.0017 <0.00044 

Nickel 0.050 <0.010 0.52 0.090 <0.17 l'i4 
0.0010 <0.00021 0.052 0.023 <O. 019 

Selenium 0.033 <0.0050 <0.071 0.010 <0.030 Effluent 
0.00069 <0.00010 <0.0070 0.0026 <0.0026 >Influent 

'lballium 0.0070 <0.0012 <0.0070 0.0030 <0.0045 85 
0.00015 <0.000025 <0.00069 0.00069 <0.00039 

Zinc 0.071 0.053 0.16 1.9 0.55 133 
0.0015 0.0011 0.015 0.49 0.13 

(S) Screening data from one 72-hour composite sample of treated 
effluent. 

(V) Verification data from three 24-hour composite samples. 
(1) The effluent data presented here corresponds to the raw waste 

data shown in Table 12-10. 'lbe methodology of the sampting 
program is described in Section 5.1. 2, and the scope of 
sampling in the HYdrofluoric Acid industry is described in 
Section 12. 3. 3. 

(2) \'ben averaging values indicated as "less than" (<l, the 
absolute value was used and the resulting average was indicated 
as a "less than" value. 
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sampling, seven of the 12 plants operating were meeting the 
proposed fluorioe limitations and eight were meeting the 
proposed TSS limitations according to the data available. 
Although there is practically no long term monitoring data 

- available to support the additional proposed limitations on 
toxic metals, the screening and verif1cation data indicate 
that all three plants sampled are meeting the proposed 
limitations on antimony, copper, and lead, while two of the 
plants are meeting the proposed zinc limitation and one plant 
is meeting the proposed chromium and nickel limitations. 
With the limited amount of toxic metal data, it is not possible 
to estimate compliance or noncompliance on a statistical 
basis. The Agency is conducting additional treatability 
studies. 

12.7.2 Basis for Proposed BPT Effluent Limitations 

Technology Basis 

For BPT, the Agency is proposing limitations for which the 
technology basis is, or is equivalent to, equalization, lime 
neutralization/alkaline precipitation, solids removal by 
settling or thickening, final pH adjustment, and discharge 
of clarified effluent. The in-house process recycling of 
the reactor condensables (drip acid) is required for meeting 
the proposed fluoride limitations. 

Flow Basis 

The reuse of treated waste water to slurry kiln residues 
to the treatment system is not required for meeting the BPT 
limitations. BPT or its equivalent is practiced by all plants 
in this industry including six which reuse, for slurrying 
residues, proportions of their treated waste water ranging from 
30 to 100 percent of the plant flow as shown in Tables 12-4 and 
12-20. 

The practice of reusing waste water in this manner has two 
opposing effects on the plant effluent: 

A. A decrease in the net discharge unit flow rate 
(m3/kkg) , and 

B.· An increase in the fluoride concentrations (mg/1). 

As a result, the fluoride unit loading (kg/kkg) in the 
effluent does not decrease as a direct proportion to the 
decrease in the flow rate, but is partially offset due to the 
increase in fluoride concentration as a function of percent 
reuse. The relationship of percent water reuse to fluoride 
concentrations and unit loadings is shown in Figure 12-14. The 
apparent reason for the increase in fluoride concentration 
with reuse is a calcium deficiency which may result from the 
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buildup of sulfate or bicarbonate concentrations in the 
treatment systems at plants where reuse is practiced. Other 
pollutants such as TSS and metals would not be expected to 
exhibit similar concentration offset effects in these systems. 

It should be noted that while the practice of reusing 
waste water for kiln residue slurrying may be advantageous in 
some locations with respect to alternative water supply costs, 
there is no associated reduction in the hydraulic load, size, 
or cost of the BPT treatment system itself. ~ 

The net result of water reuse is a moderate decrease in the 
effluent fluoride loadings which is achieved at a small 
additional annual cost of less than one percent of the estimated 
BPT treatment systems cost (Tables 12-12, 12-13, and 12-14). 

The model plant BPT treatment system is based on an inflow 
rate of 95.4 m3/kkg derived from the average of nine plants 
which handle the kiln residues in a slurry system as shown in 
Table 12-4. The treated effluent flow rate is 54.6 m3/kkg 
which is the average effluent flow rate for the same nine 
plants and corresponds to the reuse of about 43 percent of the 
flow for residue slurrying and other uses. 

Selection of Pollutants to be Regulated 

The selection of pollutants for which specific numerical 
effluent limitations are proposed was based on an evaluation of 
raw waste data from the screening and verification sampling 
program. The following two major factors were considered: 

Raw waste pollutant concentrations - A tabular summary of 
maximum raw waste conc~ntrations is presented in Section 
12.3. 3. pata from the one plant sampled for screening were 
used to determine the need for verification sampling. The 
maximum concentrations found during verification are also shown 
for comparison. For each pollutant, the maximum concentration 
observed gave a preliminary indication of its potential 
significance in the subcategory. On this basis, the preliminary 
selection of candidates for regulation included zinc, lead, 
antimony, nickel, chromium, and copper in decreasing order of 
their apparent pollution potential. These pollutants were 
observed at least once during the sampling program at 
concentrations considered treatable in this industry using one 
of the available treatment technology options. ·The other 
metals, cadmium, thallium, and mercury exhibited maximum 
concentrations that were considerably lower. 

Total subcateg~ry raw waste pollutant loadings -Pollutant 
raw waste loading data were used to evaluate the overal+ 
magnitude of the pollution potential for the subcategory. Data 
from the plants sampled are_ presented in Table 12-10 and the 
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daily and unit loadings are summarized in Table 12-11. This 
information, coupled with the estimated total hydrofluoric 
acid production rate of 261 ,BOO kkg/year, yielded the 
approximate total annual pollutant loading rates for the 
subcategor~ shown in Section 12.3.3. This method of ranking 
the pollut~on potential of the observed toxic metals confirmed 
the maximum concentration based ranking and indicated that 
zinc, nickel, lead, antimony, copper, and chromium were the 
six dominant toxic metals in terms of both total mass 
loadings and treatable raw waste concentrations. 

In view of the treatment technology already implemented in 
this industry, the added BPT regulation of any one of these 
pollutants may provide assurance that all of the observed 
toxic metals would receive adequate treatment and control. 
This includes taking credit for incidental removal of metals 
which are either below practical treatability limits or 
are not particularly amenable to removal by alkaline 
precipitation methods. The latter includes cadmium, selenium, 
thallium, and mercury. Thus, because zinc, nickel, lead, 
antimony, copper, and chromium were observed most frequently at 
treatable concentrations and may serve as reliable indicators of 
overall treatment system performance, these metals were selected 
as the additional parameters proposed for BPT regulations. 

Basis of Pollutant Limitations 

Conventional and nonconventional parameters -

A. pH: The treated effluent is to be controlled within 
the range of 6.0 to 9.0. This limitation is based on the 
data presented in Appendix B of this report and the JRB Study 
(52) • 

B. TSS and Fluoride: The data presented in Tables 12-
20 and 12-21 were used for the development of TSS and 
fluoride limitations. However, because of the wide range of 
product mixes, significant differences in residue handling, 
waste water treatment, reuse practices, and dilution with other 
product waste .streams, it was necessary to select only those 
plants where the effect of BPT technology could be clearly 
observed. The plants excluded are: 

¥.426 and #120 because kiln residues are handled as a dry 
solid, 

41167, ~ 967, and f. 251 because the combined treatment of HF 
wastes along with the waste waters from other major 
products generated high fluoride loadings in the large 
volume discharges with fluoride at its minimum treatability 
concentration, 
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f705 because cooler bottom condensables (drip acids) are 
not recycled back to the process but are added to the raw 
waste contributing complex fluorides which tend to remain 
in solution after lime treatme6t. TSS data are not 
affected. 

Data from the remaining ,five plants are presented in Table 
12-23 which summarizes the development of the proposed 
regulations for total suspended solids and fluoride. Since the 
BPT level of treatment does not require the reuse of treated 
waste water for slurrying kiln residues, the performance of 
Plant ¥.837 was used as the long term average unit loading basis 
for the TSS and fluoride limitations. The variability factors 
used for fluoride are based on the long term data from Plants 
#664 and #753 and those used for TSS are derived from Plant ~722 
for daily measurements and Planf- #705 for 30-day average 
measurements as indicated in Table 12-23. 

The proposed maximum 30-day average TSS limitation was 
obtained by multiplying the variability factor for 30-day 
averages from Table 12-23 by the long term average waste load; 
i.e., 1.7 x 3.1 kg/kkg = 5.3 kg/kkg. Similarly, the daily 
maximum TSS limitation was obtained by multiplying the 
variability factor for daily measurements by the long term 
average; i.e., 3.5 x 3.1 kg/kkg = 11 kg/kkg. The same approach 
was taken to obtain the proposed fluoride limitations; i.e., 
1.6 x 1.8 kg/kkg = 2.9 kg/kkg for the maximum 30-day average, 
and 3.4 x 1.8 kg/kkg = 6.1 kg/kkg for the daily maximum 
limitation. These computations are shown on Table 12-23 and 
the proposed BPT limitation~ are presented in Table 12-24. 

The concentration basis (C) for 
derived from the relationship between 
flow (Q), and unit loading, 

c (as mg/1) = 1000 (L) 
(Q) 

each effluent is 
concentration (C), 

Where L is the effluent limitation expressed as a unit 
loading in kg of pollutant per kkg of product (kg/kkg), and 
Q is the flow rate expressed as cubic meters per kkg of 
product (m3/kkg). (Note: kg/m3 = 1000 mg/1.) 

Thus, the concentration basis for the maximum 30-day 
average TSS limitation is: 

(5.3 l<g/kkg) 
(54.6 m3/kkg) (

1000 mg/1) 
kg/m3 · 

= 97 mg/1 

and the concentration basis for the daily maximum limitation is 
obtained by a similar calculation or simply by applying the : 
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TABLE 12-23. DEVELOPMENT OF TSS AND FLUORIDE LIMITATIONS ---------
Long Term Average 

Waste Load Discharged 

Plant 
Reuse 

(percent) 
Fluoride 

(kg/kkg of" HF) 
TSS 

(kg/kkg of HF) 

#837 

1753 

1928 

#722 

#664 

65 

83 

92 

94 
• 

Average of four plants 
practicing effluent reuse 
(excluding #837) 

1.8 

~.72 

1.0 

0.81 

0.10 

3.1 

0.38 

1.7 

0.54 

0.29 

0.73 

-----------------------------------------------
Variability Factor for 3.4<1> 3.5(5) 
Daily Measurements 

Variability Factor for 
30-Day Averages 

Variability Factor Ratio (VFR) 3.4/1.6 = 2.1(2) 3.5/1.7 = 2.1 (2) 

Effluent Limitations for BPT 
(from Plant #837) 3 a. Daily Max 3.4 X 1.8 kg/kkg = 6.1 (4) 
b. Max 30-Day Avg 1.6 X 1.8 kg/kkg = 2.9< ) 

- (3) 3.5 X 3.1 kg/kkg - 11 (4) 
1.7 X 3.1 kg/kkg = 5.3 

Effluent Limitations for BAT 
(from average of four plants) (3) 
a. Daily Max 3.4 X 0.64 kg/kkg = 2.2 4 b. Max 30-Day Avg 1".6 X 0.64 kg/kkg = 1.0< ) 

NA - Not Applicable 

NA 
NA 

(1) Variability factor average of Plants #664,t722 and ¥753 from Table 12-21. 
(2) Ratio of the daily (24-hr) variability factor to the 30-day 

average variability factor. This value appears on the Proposed 
Limitations tables. 

(3) The long term average loading in kg/kkg multiplied by the 
variability factor for daily measurements as shown. 

(4) The long term average loading in kg/kkg multiplied by the 
variability factor for 30-day measurements as shown. 

(5) Variability factor from Plant #722, Table 12-21. 
(6) Variability factor from Plant #705, Table 12-21. 
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• 

TABLE 12-24. PROPOSED LIMITATIONS 
Hydrofluoric Acid 

Best Practicable Control Technology CUrrently Available 
Waste Water Flow: 54.6 m3/kkg of HF (43% Reuse) * 

= = 
Concentration Basis Effluent Limit 

Subcategory (1) . "JSLll _(!{~_g}_.9U!f.. 
Pollutant Performance VFR Max Max 

(mg/1) 30-day 24-hr 30-clay 24-hr 
Avg Max Avg Max 

Conventional and 
Nonconventional 
Pollutants: 

(2) 
Total Suspended 57 2.1 97 200 5.3 11 
Solids 

(2) 
Fluoride 33 J.l 53 110 2.9 6.1 

Toxic 
Po'ii'Utants: 

(3) 
Antimony lil.80 2.0 0.80 1.6 0.044 0.088 

{3) _(5) _(5}' Arsenic lil.50 2.0 0.51il 1.0 
(3) 

Chromil.lll 0.10 2.0 0.10 0.20 0.0055 0.011 
(3) 

Copper 0.50 2.0 0.50 1.0 0.027 0.054 
(3) 

Lead 0.30 2.0 0.30 0.60 0.016 0.033 
(4) 

Nickel 0.17 2.0 0.17 0.34 0.0093 0.019 
(3) (5) _(5) Selenil.m 0.20 2.0 0.20 0.40 
(4) 

Zinc 0.55 2.0 0.55 1.1 0.030 0.060 

(1) - VFR: ratio of the 24 hour variability factor to the 
30 day variability factor. 

(2) - Long te~ average based on loading data and 
variability factors selected from Table 12- 21. 

', (3) - The lower limit of the literature treatability estimate 
(Table 8-11) is used as the basis for the 30-clay average 
Limi.tation when the observed average of the sampl.in; data 
~s below this level. 

(4) - Average effluent concentration from screening and verification 
sampling data. 

{5) - No effluent llm:i:tation piOJ?Osed. 
* Fran Table 12-4. 
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variability factor ratio, VFR, 
30-day average concentration; 

from Table 12-24 
that is, 

to the maximum 

(VFR) (max. 30-day average concentration or loading) 

= daily maximum concentration or loading In this 
case, the daily maximum TSS concentration is 2.1 X 97 mg/1 = 
201 mg/1. 

In the same manner, the concentration basis for the 
maximum 30-day average fluoride limitation is, 

(2. 9 kg/kkg) 
(54.6 m3/kkg) ( 

1000 mg/1) = 53 mg/1 
kg/m3 

and the daily maximum fluoride concentration is 2.1 X 53 mg/1 = 
111 mg/1. (Note: due to rounding off, this value differs just 
slightly from the value that appears in Table 12-24 which was 
obtained by calculating the concentration directly from the 
daily maximum limitation; i.e., 

(6.1 kg/kkg) 
(54.6 m3/kkg) (

1000 mg/lJ = 
kg/m3 

112 mg/1. 

In either case, only two significant figures should be taken.) 

Performance evaluation and rev1ew of discharge quality has 
been complicated by problems associated with chemical analysis.· 
Prior to July 1976, the methods generally used for the analysis 
of fluoride in industry were specific ion electrode or 
colorimetry. These methods did not detect the soluble complex 
fluoride species present in the waste water. The best method 
of total fluoride detection (free as well as complex) is 
distillation followed by analysis using the specific ion 
electrode. Using the distillation method, the complex fluorides 
are hydrolyzed and the resulting HF is carried over with the 
distillate along with any free HF in the sample. Thus, the 
method of total fluoride analysis used for effluent monitoring 
is capable of measuring free fluoride and the fluoride present 
in the form of complex ions which are not removed by lime 
treatment. Monitoring data on effluent fluoride levels using 
the revised method are likely to be higher than the levels 
previously reported under the same treatment conditions. 

Toxic pollutants - The effluent limitations proposed for 
the selected toxic pollutant control parameters are derived 
from three sources of information. These are 1) screening 
and verification sampling data, 2) literature based 
treatability estimates (Section 8 .1) , . and 3) a limited 
amount of long term monitoring data from Plant *251. 
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The sampling results represent plant performance observed 
during three days of sampling at each of the plants. The 
treated effluent data on the toxic pollutants found at 
significant levels are summarized in Table 12-22. The average 
values shown for each pollutant are interpreted as being 
approximately equal to a maximum 30-day average unless 
there is some reason to believe that abnormal conditions 
existed either in the process operation or in the treatment 
system at the time of sampling. Abnormal conditions would 
dictate that high values should either be excluded or 
regarded as daily maxima rather than monthly averages. 
For this subcategory, the screening and verification data are 
believed to represent normal influent and effluent values at 
the plants sampled. 

For a number of the metal pollutants, the sampling data 
demonstrate that the effluent quality and percent removal with 
full scale BPT systems are considerably better than the 
literature treatability data in Section 8.1 would indicate for 
that particular technology. For example, even though arsenic, 
cadmium, mercury, and thallium average influent concentrations 
are well below the accepted treatability limits for 
lime/settling shown in Table 8-11, greater than 60 percent 
removals were observed for all but cadmium as is shown in 
Table 12-22. This high degree of incidental removal supports 
the contention that by applying effluent limitations just to 
the dominant metal pollutant(s), an effective control of the 
other metals may also be assured. 

In Table 12-24, 'the concentration bases for the proposed 
BPT limitations are derived from the averaged effluent 
sampling data unless the observed poilu tant concentration is 
actually below the literature treatability level. In such 
cases, the lowest applicable treatability level from Table 
8-11 is used. This approach results in the setting of 
achievable effluent limitations for all of the pollutants of 
concern and provides for the possibility of wider variations 
in the influent quality. Such variations may be associated 
with different fluorspar impurity levels or other process 
variables not fully taken into account by the limited data 
obtained. 

The basis for the proposed BPT limitations on each of the 
selected metals is given below. 

A. Zinc: The raw waste concentrations of zinc ranged as 
high as 11.3 mg/1 (Section 12.3. 3, Table of Maximum 
Concentrations Observed) and averaged about 3.2 mg/1 (Table 
12-10) for the plants sampled. BPT treatment achieved an 
average removal of better than 80 percent with an average 
performance concentration of about 0.55 mg/1 in the treated 
effluent shown in Table 12-22. This level of performance 
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approximately equals that obtained from the literature 
treatability data in Table 8-11. The average performance 
value is used as the concentration basis for the proposed 
maximum 30-day average effluent limitation of 0. 030 kg/kkg 
using the model plant flow of 54.6 m3/kkg (Table 12-4). This 
limitation was achieved by all but one of the plants sampled. 
Using the model plant flow of 54.6 m3/kkg from Table 12-14, the 
limitation was calculated as follows: 

(0.55 mg/1) (54.6 m3/kkg) ( kg/m3 ) 
1000 mg/1 

= 0.030 kg/kkg 

Since long term monitoring data on zinc are not 
available from the HF industry, the variability factor ratio 
(VFR) of 2.0 was selected on the basis of lead monitoring data 
from Plant :f/-251 presented in Tables A-lOa and A-lOe. This is 
justified by the similarity in the chemistry of lead, zinc, 
and the other metals of concern under BPT treatment conditions. 
Thus, 

VFR = VF of daily measurements 
VF of 30-day averages 

= 2.0 

= 3.12 
1.55 

and the daily maximum limitation for zinc is, 

,(2.0) (0.030 kg/kkg) = 0.060 kg/kkg. 

The proposed effluent limitations on zinc and the other metals 
of concern are given in Table 12-24. 

B. Nickel: The sampling data indicate better than 60 
percent BPT removal of nickel resulting in an average 
effluent quality of about 0.17 mg/1... The literature 
treatability data in Table 8-11 show an effluent level 
approximately equal to this value. Thus, 0.17 mg/1 is used as 
the concentration basis for the proposed maximum 30-day 
average effluent limitation of 0.0093 kg/kkg. A VFR of 2.0 was 
used following the same rationale described for zinc. Thus, 
the proposed maximum 30-day average limitation is, 

(0.17 mg/1) (54.6 m3/kkg) c· kg/m3 ) = 0.0093 kg/kkg, 
1000 mg/1 

and the daily maximum lrmitation is, 

'(2.0) (0.0093 kg/kkg) = 0.019 kg/kkg. 

c. Lead: Because the observed average raw waste 
concentration of lead (0.66- mg/1) was very close to the 0.30 
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mg/1 lower limit of its estimated treatability according to 
literature data, the latter was selected as the concentration 
basis for the proposed maximum 30-day average effluent 
limitation rather than using the observed performance average 
of less- than 0. 02 mg/1. This results in setting the 
limitation at 0.016 kg/kkg, a level which woulc be achievable 
with BPT treatment even when higher influent levels occur. 
It also avoids taking credit for incidental removal and a 
higher removal efficiency than can be justified by the use of 
this technology. A VFR of 2.0 was used for lead on the basis 
of long term data from Plant 4~251. The proposed maximum 30-
day average limitation is, 

(0.30 mg/1) (54.6 m3/kkg) ( kg/m3 \ 
1000 mg/i) 

and the daily maximum limitation is, 

(2.0) (0.016 kg/kkg) = 0.032 kg/kkg. 

= 0.016 kg/kkq, 

D. Antimony: In a manner similar to that described for 
establishing the lead regulation, the concentration basis for 
the proposed maximum 30-day average effluent limitation on 
antimony was set at 0.80 mg/1 in accordance with literature 
treatability data. The resulting limitation of 0. 044 kg/kkg 
was met in two of the four sampling data sets. A VFR of 2.0 
was also used for antimony although a wider range of variation 
may be observed when more operating data are collected. The 
proposed maximum 30-day average limitation is, 

(0.80 mg/1) (54.6 m3/kkg) ( kg/m3 ) 
1000 mg/1 

and the daily maximum is, 

(2.0) (0.044 kg/kkg) = 0.088 kg/kkg. 

= 0.044 kg/kkg, 

E. Copper : The concentration basis for the proposed 
maximum 30-day average effluent limitation on copper was set at 
0.50 mg/1 in accordance with the literature treatability data. 
All of the plants sampled had average loadings below the 
proposed 0.027 kg/kkg limitation. A VFR of 2.0 was used 
following the same rationale described for zinc. Thus, for 
copper, the proposed maximum 30-day average limitation is, 

(0.50 mg/1) (54.6 m3/kkg) 

and the daily maximum is, 

( 
kg/m3 ) = 0.027 kg/kkg, 

1000 mg/1 

(2.0) (0.027 kg/kkg) = 0.054 kg/kkg. 
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F. Chromium: The concentration basis for the proposed 
maximum 30-day average limitation on chromium was set at 0.10 
mg/1 in accordance with the literature treatability data. Two 
of the plants sampled exceeded the proposed limitation of 
0.0055 kg/kkg. A VFR of 2.0 was used following the same 
rationale described for zinc. The proposed maximum 30-day 
average BPT effluent limitation is, 

(0.10 mg/1) (54.6 m3/kkg) 
( 

kg/m3 ) = 
1000 mg/1 

0.0055 kg/kkg 

and, the daily maximum is, 

(2.0) (0.0055 kg/kkg) = 0.011 kg/kkg. 

G. Other metals: The concentration bases for arsenic 
and selenium are also presented in Table 12-24. These are 
intended to serve as guidance in cases where these pollutants 
are found to be of serious concern. 

12.7.3 Basis for Proposed BCT Effluent Limitations 

For the Hydrofluoric Acid Subcategory, the Agency is 
proposing BCT limitations applicable to total suspended solids 
(TSS) based on the estimated performance of Level 2 (BAT) 
treatment. Assuming that the addition of dual media filtration 
to ·the BPT system removes approximately 30 percent more 
suspended solids, the maximum 30-day average TSS loading of 5.3 
kg/kkg (Table 12-24) would be decreased to 3.7 kg/kkg as 
follows: 

(1.00 - 0.30) (5.3 kg/kkg) = 3.7 kg/kkg 

By adjusting the loading to account for the decrease in 
effluent flow rate from BPT (54.6 m3/kkg) to BAT (33.4 m3/kkg), 
the proposed BCT maximum 30-day average effluent limitation 
becomes, 

(3.7 kg/kkg) (33.4 m3/kkg) 
54.6 m3/kkg 

= 2.3 ·kg/kkg 

The corresponding daily maximum limitation is then obtained 
by applying the VFR value of 2.1 (Table 12-24). That is, 

(2.1) (2.3 kg/kkg) = 4.8 kg/kkg 
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12.7.4 Basis for Proposed BAT Effluent Limitations 

The Application of Advanced Level Treatment 

Utilizing the cost estimates presented in this report, the 
Agency has analyzed the cost: effectiveness of the base l~~vel 
systems (BPT) and the various advanced level options for 
conventional, nonconventional and toxic pollutant removal. The 
economic impacts on the Hydrofluoric Acid industry have been 
evaluated in detail (53) and taken into consideration in the 
selection of the technology basis for the proposed BAT 
regulations. 

For BAT, the Agency is proposing limitations based on 
treatment consisting of Level 2 technology. It has been 
estimated that this will remove 11,100 pounds per year of toxic 
metals and 104,000 pounds per year of fluorides in addition to 
the pollutant removals already being achieved by BPT treatment. 

The Agency considered the use of treatment Level 3 
(addition of sulfide precipitation) but rejected it due to 
lack of performance data. EPA also considered Level 4, a 
variation of Level 2, that would substitute soda ash in the lime 
precipitation step and allow 90 percent recycle of effluent. 
This option was rejected due to being prohibitively expensive. 
Pollutants limited by the proposed BAT are fluoride, antimony, 
chromium, copper, lead, nickel, and zinc. 

Technology Basis 

For BAT, the Agency is proposing more stringent effluent 
limitations on fluoride and the toxic metals based on the 
addition of dual media filtration or its equivalent to the BPT 
treatment system, coupled with the requirement of at least: 65 
percent effluent reuse for kiln residue slurrying. This 
technology aims at both the reduction of suspended solids 
containing fluorides and metal precipitates and the reduction 
of the dissolved component loadings of these substances in the 
final effluent. The minimum reuse rate of 65 percent was 
selected because it is typical of the five plants (Plants f.l67, 
#753, ~928, f664, and ¥722) which presently practice reuse as 
is shown in Table 12-4. 

Flow Basis 

With the model plant inflow rate of 95.4 m3/kkg and the 
reuse of 65 percent of the treated effluent, the quantity 
discharged is 33.4 m3/kkg~ i.e., (1.00 -0.65) (95.4 m3/kkg) = 
33.4 m3/kkg. 
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Selection of Pollutants to be Regulated 

For the BAT regulations, the Agency has selected fluoride 
and the same six toxic metals identified in the proposed BPT 
regulations. The rationale for their selection is discussed in 
Section 12.7.2. 

Basis of Pollutant Limitations 

Nonconventional pollutants - The only nonconventional 
pollutant is fluoride. The limitation proposed for BAT is based 
on the performance of the four plants shown in Table 12-23 that 
presently reuse at least 65 percent of their treated effluent. 
The long term average effluent loading taken from Table 12-23 
is 0.66 kg/kkg for the four plants and this is equal to the 
performance of Plant #753 which reuses 65 percent, the lowest 
reuse rate of the four plants. Although these plants do not 
employ the filtration technology which is the basis for the 
BAT regu·lation, the use of this performance in conjunction with 
the 30-day average variability factor of 1. 6 and the model 
plant net discharge rate of · 33.4 m3/kkg results in a 
calculated maximum 30-day average concentration of 30 mg/1 
total fluoride. Thus, the maximum 30-day average limitation 
is, 

(1.6) (0.66 kg/kkg) = 1.1 kg/kkg 

and its concentration basis is, 

(1.1 kg/kkg) 
(33.4 m3/kkg) (

1000 mg/1) 
kg/m3 

= 33 mg/1 

This represents a 58 percent reduction in fluoride 
concentration in going from BPT (43 percent reuse) to BAT (65 
percent reuse plus filtration). The use of a fixed loading 
limitation allows the permissible concentration to increase 
as a function of percent reuse. The proposed daily maximum 
limitation on fluoride is obtained by utilizing the long term 
average and variability factor for daily measurements, 

(3.4) (0.66 kg/kkg) = 2.2 kg/kkg 

and the concentration basis is, 

(2.2 kg/kkg) (1000 mg/1) 
(33.4 m3/kkg) kg/m3 

= 66 mg/1 

The variability factors used for the BAT limitations on 
fluoride are the same as for BPT shown in. Table 12-23. The 
proposed BAT limitations for the Hydrofluoric Acid 
Subcategory are presented in Table 12-25. 
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'IABLE ]2-25. PROPOSED LIMITATIONS 
Hydrofluoric Acid 

Best Available Technology 
waste Water Flow: 33.4 m3/kkg of HF (65% Reuse)* 

========================--======================= 
Concentration Basis Effluent Limit 

(1) (rrg/1) (kg/kkg of HF) 
Pollutant VFR -------------Treatability 

(mg/1) 3e-day 24-hr 
Avg Max 

30-day 24-hr 
Avg Max 

---------------------------------------------------------------------. 
Nonconventional Pollutants: 

(2) (3) 
Fluoride, F 33 2.1 33 66 1.1 2.2 

Toxic 
Pollutants: 

Antimony(2) 0.1e 2.0 0.70 1.4 0.023 0.047 

Arsenic 0.5e 2.0 e.50 1.0 (4) (4) 

Chromill!l <2> 0.040 2.0 0.040 0.080 0.0013 e.0021 

Copper<2). 0.29 2.0 0.29 0.58 0.0097 0.019 

Lead -{2) 0.060 2.e 0.060 0.12 0.0020 0.0040 

Nickel <2> 0.15 2.e 0.15 0.30 0.0050 0.010 

Seleni~ 0.18 2.0 0.18 e.36 (4) (4) 

Zinc (2) 0.52 2.0 0.52 1.0 0.017 0.035 
--------------------------------------------------------------------{1) - VFR: ratio of the 24 hour variability factor to the 

30 day variability factor. 

(2) - Also applicable for PSES limitations. 

(3) - 30~ay average calculated for the model plant based on 
data in Tablel2-2l. 

(4) - No effluent limitation proposed. 

* The effluent flow rate is 35 percent of the average influent 
shown in Table 12-4 (i.e., 0.35 X 95.4 m3/kkg = 33.4 m3/kkg). 
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The estimated performance of Level 3 and Level 4 
alternative technologies are presented in Tables 12-26 
and 12-27, respectively. For these options, the expected 
performance is expressed in the achievable maximum 30-day 
average and daily (24-hour) maximum concentrations. These 
are presented for comparison purposes and are not the 
bases for any proposed regulations. 

The Agency is currently conducting treatability studies on 
dual media filter performance with HF industry wastes. The 
results will be available prior to promulgation. 

Toxic pollutants For BAT regulations, the EPA is 
propos1ng more stringent controls on the discharge of the six 
toxic metals of concern on the basis of a reduced volume of 
dicharge and physical removal by filtration. Alkaline 
precipitation converts most of the dissolved metals into less 
toxic, insoluble forms such as hydroxides and hydrated oxides. 
Other mechanisms of removal including coprecipi tation and 
flocculation are undoubtedly involved during the treatment 
process and probably account for a substantial portion of the 
removal of certain toxic metals. Because there is no directly 
applicable data on filter performance in the HF industry, 
literature treatability studies (40, 41) have been evaluated in 
order to estimate the probable efficiency of filtration for 
the removal of residual suspended metal precipitates. The 
following information was derived from pilot scale tests on 
raw munic ipa"l waste water samples spiked with toxic metals, 
treated with lime, and settled, followed by dual media 
filtration of the clarified effluent: 

the 
each 

Removal of Suspended Metal Precipitates by Filtration 
===================================================== 
Antimony 
Arsenic 
Chromium (III) 
Copper 
Lead 
Nickel 
Selenium 
Zinc 

(Percent) 
7 
0 

'0 
42 
80 
'14 
12 

6 

The filter eff ici'ency~ values have been used in setting 
proposed BAT limitations. The basis for the limitation on 

metal is given below. 

A. Zinc: Filtration of the BPT effluent is estimated to 
reduce the zinc. concentration by 6 percent to approximately 
0.52 mg/1. This value is used as the concentration basis 
for the maximum 30-day average effluent limitation. Application 

\ 
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TABLE 12-26. PERFORMANCE OF ALTERNATIVE TECHNOI.mY 
Hydrofluoric Acid 

Level of Treatment: 3 
Waste Water FlCM: 33.4 m3/kkg of HF (65% Reuse) 

Achievable Concentration 
Pollutant Treatability VFR(l) (rrg/1) 

(mg/1) Max 
30-day 24-hr 
Avg Max 

Noncom.rentional Pollutants: 

Fluoride, F 33 2.1 33 66 

Toxic 
Pollutants: 

Antinony 0.70 2.0 0.70 1.4 

Arsenic 0.50 2.0 0.50 0.10 J 

Chranium 0.010 2.0 0.010 0.020 

Copper O..G50 2.0 0.050 0.10 

Lead 0.060 2.0 0.060 0.12 

Nickel 0.10 2.0 0.10 0.20 

Selenium 0.18 2.0 0.18 0.36 

Zinc 0.20 2.0 0.20 0.20 

(1) - VFR: ratio of the 24-hour variability factor to the 30-~y 
variability factor. 
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TABLE 12-27. PERFOR1ANCE OF ALTERNATIVE TECHNQ:ux:;y 
Hydrofluoric Acid 

Level of Treabnent: 4 
Waste Water Flc:M: 9.5 m3/kkg of HF (90% Reuse) 

Achievable Concentration 

Pollutant Treatability VFR(l) (rrg/1) 

(rrg/1) Max 
30-day 24-hr 

Avg Max 

N:>nconventional Pollutants: 

Fluoride, F 33 2.1 33 66 

Toxic 
Pollutants: 

Antim::>ny 0.70 2.0 0.70 1.4 

Arsenic 0.50 2.0 0.50 1.0 

Chranium. 0.040 2.0 0.040 0.080 

Copper 0.29 2.0 0.29 0.58 

read 0.060 2.0 0.060 0.12 

Nickel 0.15 2.0 0.15 0.30 

Selenium 0.18 2.0 0.18 0.36 

Zinc 0.52 2.0 0.52 1.0 

(1) - VFR: ratio of the 24-hour variability factor to the 3Q-day 
variability factor. 
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of the BAT model plant discharge rate results in a corresponding 
loading limitation of 0.017 kg/kkg. That is, 

(0.52 mg/1) (33.4 m3/kkg) c· kg/m3 ) = 0.017 kg/kkg 
1000 mg/1 

and, for the daily maximum· limitation using the VFR value of 
2.0, one obtains, 

(2.0) (0.017 kg/kkg) = 0.034 kg/kkg. 

This represents an overall reduction of 43 percent from the 
BPT loading limitation. The VFR value of 2.0 used for BPT was 
also used for BAT because the variability of the filtrate 
quality is expected to be no greaber than the observed 
variability of the unfiltered effluent ate Plant #251 (Tables 
A-lOa and A-lOe). Treatability studies .are being conducted 
by the EPA and the results on filter performance will be 
available prior to promulgation. The proposed BAT limitations 
on the toxic metals are included in Table 12-25. 

B. Nickel: The addition of filtration to the BPT 
effluent is estimated to achieve a 14 percent redu'ction in_ 
the nickel concentration. The concentrat'ion basis for the 
proposed BAT Limitation is therefore set at 0.15 mg/1 and 
results in a maximum 30-day average loading limitation of 
0.0050 kg/kkg. That is, 

(0.15 mg/1) (33.4 m3/kkg) ( kg/m3 ) = 
1000 mg/1 

and the daily maximum is, 

(2.0) (0.0050 kg/kkg) = 0.010 kg/kkg. 

0.0050 kg/kkg 

This represents an overall 46 percent decrease from the 
corresponding BPT level. A VFR value of 2.0 was used following ' 
the same rationale as applied to zinc. 

c. Lead: With the addition of filtration; providing an 
estimated 80 percent removal of the residual lead, the 
concentration basis for the proposed BAT limitation is set at 
0.060 mg/1. This is in close agreement with the literature 
treatability data summarized in Table 8-11. O'n this basis, 
the maximum 30-day average effluent limitation .for lead is 
0.0020 kg/kkg. That is, 

(0.060 mg/1) (33.4 m3/kkg) 0.0020 kg/kkg 
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and, the proposed daily'maximum is, 

(2.0) (0.0020 kg/kkg) = 0.0040 kg/kkg. 

This represents nearly an 88 percent reduction from the 
BPT level. A VFR of 2.0 1s used following the same rationale 
as applied to zinc. 

D. Antimony: The addition of filtration is expected to 
decrease the antimony concentration by approximately 7 percent. 
Thus, the maximum '30-day average concentration basis is 
estimated as 0.70 mg/1. This establishes the corresponding 
loading limitation at 0.023 kg/kkg which is about 48 percent 
lower than the BPT limitation. The proposed maximum 30-day 
average limitation is, 

I 

(0. 70 mg/1) (33. 4 m3/kkg) ( kg/m3 \ = 
1000 mg/1) 

and the daily maximum is, 
I 

(2.0) (0.023 kg/kkg) = 0.046 kg/kkg. 

0.023 kg/kkg 

The VFR is estimated to be 2. 0 for the reason that this 
value was used for the BPT limitation on antimony. 

E. Copper: Filtration of the BPT effluent is estimated to 
achieve approximately a 42 percent reduction in the average 
copper concentra1tion. Thus, a value of 0. 29 mg/1 is used as the 
concentration basis for the proposed 30-day average effluent 
limitation of 0.0097 kg/kkg. That is, 

(0.29 mg/1) (33.4 m3/kkg) ( kg/m3 \ = 
1000 mg/1) 

and, the daily maximum limitation is, 

(2.0) (0.0097 kg/kkg) = 0.019 kg/kkg. 

0.0097 kg/kkg 

This repr·esents an overall reduction of 64 percent below 
the BPT levf=l. A VFR value of 2.0 was used for the BAT 
limitations for the same reason described for zinc. 

F. Chrc•mium: For chromium, an average additional removal 
of approximately 60 percent is expected with the use of 
filtration. For this reason, the concentration basis for the 
proposed 30-·day average BAT limitation is set at 0. 040 mg/1. 
This results in a corresponding loading limitation of 0.0013 
kg/kkg. That is, 

(0.04W mg/1) (33.4 m3/kkg) ( kg/m3 ) = 
1000 mg/1 

348 

0.0013 kg/kkg 



and, the daily maximum limitation is, 

(2.0) (0.0013 kg/kkg) = 0.0026 kg/kkg. 

This represents an overall reduction of approximately 76 
percent from the BPT level. A VFR value of 2.0 was also 
used for chromium for the same reasons presented for zinc. 

G. Other metals: The concentration basis for arsenic 
and selenium are also given assuming 0 and 12 percent removals, 
respectively, by the addition of filtration to the BPT system. 
The values presented in Table 12-25 for these toxic pollutants 
are intended to be used as guidance in cases where they are 
found to be of serious concern. 

12.7.5 Basis for Proposed Hew Source Performance Standards 

Application of Advanced Level Treatment 

Examination of raw waste loads indicates that the prime 
source of pollutants at HF plants is the kiln waste. 
Currently, two plants handle their kiln waste as a solid 
greatly reducing the total raw waste load and subsequent 
effluent. Based on this and an examination of control and 
treatment alternatives available to this industry, it has 
been determined that new HF facilities should achieve the 
effluent quality attainable by NSPS, Level 5, technology. 
The control parameters for NSPS are pH, TSS, fluor ide, 
nickel, and chromium. The recommended treatment technology 
for new sources as described is dry handling of kiln wastes and 
chemical treatment, filtration and reuse of other treated 
wastes. The use of soda ash for precipitation of fluor ides 
will allow approximately 60 percent reuse for air pollution 
control scrubbers, the second major source of waste water. 

Raw waste toxic pollutant metal loadings from sources 
other than kiln wastes were minimal and only occasionally 
observed at potentially significant levels. It is assumed 
that following chemical precipitation for fluoride removal, 
the effluent loads discharged will be insignificant with regard 
to these metals. 

Technology Basis 

For new plants in the hydrofluoric acid industry, the 
specified waste treatment technology is the reduction of waste 
flow and pollutant loadings by the dry handling of kiln wastes 
and the treatment of other wastes by alkaline precipitation 
followed by settling of solids and filtration of the 
effluent. The technology also incorporates the reuse of 60 
percent or more of the treated effluent for the air pollution 
control scrubbers. Two plants now practice dry handling of 
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kiln residues. This technology greatly reduces tPe waterborne 
raw waste loads and is available to new plants because they 
have the opportunity to design the most efficient systems 
without retrofitting. The dry solids generated would have to 
be handled and disposed of in a manner consistent with any 
applicable requirements of the Resource Conservation and 
Recovery Act (RCRA}, 42 usc 6901 et. seq. 

Pollutants limited by the proposed NSPS regulations are 
pH, TSS, fluoride, chromium, nickel, and zinc. Metals from 
scrubber water and other plant waste streams facilitates 
the reuse of 60 percent or more of the treated effluent 
for scrubber operation. Effluent reuse for this purpose is 
presently practiced in the hydrofluoric acid industry. Plant 
f,-722 reuses 92 to 100 percent of its soda ash treated waste 
water for both scrubber operation and kiln residue transport. 
Plant #664 reuses approximately 94 percent of similarly 
treated waste water for the same purposes. Information on 
these plants is summarized in Tables 12-5 and 12-20. 

Flow Basis 

The basis for the model plant total treatment system 
influent is the flow data on scrubber and other waste water 
sources (excluding gypsum slurry water) for five of the nine 
plants presented in Table 12-5. Plants f 426, #722, and 
f.837 were excluded because of incomplete data for scrubber 
effluent and Plant ¥.167 because of an unusually high flow 
rate for the scrubbers. The average raw waste flow rate 
for the five remaining plants is 14.9 m3/kkg and with a 
reuse rate of 60 percent the net effluent is 6.0 m3/kkg. 

Selection of Pollutants to be Regulated 

For NSPS, the two major waste water4 sources of concern 
are the air pollution control scrubbers and "other" process 
wastes. The latter includes the indirect contact wastes from 
surface drains but excludes storm water runoff. The pollutant 
parameters of concern are pH, TSS, fluor ide, and the 
toxic metals. Screening and verification ~ampling data on 
the raw scrubber and other sources confirm the need for 
limitations on pH, TSS, and fluor ide. The four sets of 
sampling data from these sources indicate that the relative 
importance of the toxic metals is considerably less than was 
found for the BPT and BAT sources which included the kiln 
residue slurries. The observed maximum and average raw waste 
concentrations of the toxic metals are shown in Table 12-28. 
In the NSPS raw waste sources, nickel, zinc, chromium, and 
selenium were the only toxic metals which showed maximum 
concentrations that would be treatable by alkaline precipitation 
and filtration. Of these, selenium is marginal even at its 
maximum concentration and has an average concentration 
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TABLE 12-28. TOXIC POLLUTANT R:l\W WASTE D!\TA USED TO 
REPRESENT NE~ SOuRCES* 

================================================================== 
SUBCATEGORY: HYDROFLUORIC ACID 

Concentration 
(l) 

Pollutant M:ndmum 
(mg/1) 

(2) 
Average 
(mg/1) 

-----------------------)------------------------------------------
Antimony 0.030 0.014 

7\rsenic 0.014 0.0090 

Cadmium 0.021 0.0080 

Chromium 0.41 0.11 

Copper 0.12 0.049 

Lead 0.029 0.011 

Mercury 0.0020 0.0010 

Nickel 0.81 0.18 

Selenium o. 24 0.068 

'Ihallium 0.0040 0.0020 

Zinc 0.45 0.15 

* Based on four sets ot screening and verification sampling 
data from Plants i705, #2~1, and Jl67 taking only the 
scrubber and 11other" waste sources. 

(1) Maximum value observed from screening and verification 
sampling data. 

(2) 7\verage value derived from screening and verification 
sampling data. 
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that is far below the minimum level treatable. For this 
reason, only nickel, chromium, and zinc have been selected as 
toxic pollutant control parameters~for NSPS regulations. 

Basis of Po11utant Limitations 

Conventional Parameters -

A. pH: For NSPS, the BPT limitation is retained. 
Control of the final effluent within the range of pH 6.0 to 
9.0 is required on the basis of data presented in Appendix B of 
this report and the JRB Study (52). 

B. TSS: Although there is no applicable · per.form_ance 
data available on the filtration of treated and clarified NSPS 
waste water, taking the proposed BPT maximum 30-day 
average concentration of 97 mg/1 of TSS and assuming 30 
percent additional removal by filtration, an estimated 
performance level of 68 mg/1 is obtained. Pilot scale 
studies (41) have demonstrated an average removal .bY 
filtration of approximately 30 percent from waste water 
containing suspended metal hydroxides after lime treatment. 
A VFR of 2.1 is used on the basis of long term data summarized 
in Table 12-21 and described in the BPT section. Thus, the 
proposed maximum 30-day limitation on TSS is, 

(68 mg/1) (6.0 m3/kkg) ( kg/m3 ) = 
1000 mg/1 

and, using the VFR value of 2.1, 

0. 41 kg/kkg 

(2.1) (0.41 kg/kkg) 
maximum. 

= 0.86 kg/kkg is the propos~d daily 

The proposed NSPS limitations are presented in Table 12-29. 

Nonconventional pollutants The only nonconventional 
pollutant of concern is fluoride. The concentration basis for 
the proposed maximum NSPS 30-day average limitation is set 
equal to the 30 mg/1 BAT model plant performance level (Table 
12-25), because ·the treatment technology is the same. A VFR of 
2.1 is used on the same basis given for the use of this ratio 
in the BPT and BAT limitations. Thus, the proposed 30-day 
average is, 

(30 mg/1) (6.0 m3/kkg) ( kg/m3 '\ = 
1000 mg/i) 

0.18 kg/kkg 

and, using the VFR value of 2.1, the- daily maximum is, 

(2.1) (0.18 kg/kkg) = 0.38 kg/kkg. 
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TABLE 12-29. PROPOSED LIMITATIONS 
Hydrofluoric Acid 

New Source Performance Standards 
Waste Water Flow: 6. 0 m3/kkg ( 60% Reuse) 

========--=-======-:-

Pollutant Treatability 
(mq/1) 

Conventional and 
· .Nonconventional Pollutants: 

.Total Suspended 

. So lids , TSS 

(2) 
Fluoride, F 

'lbxic 
Po 11 utan ts : 

lmtimony 

:\rsenic 

(2) 
Chromium 

Copper 

Lead 

(2) 
Nickel 

Selenium 

(2) 
Zinc 

68 

30 

0.70 

0.5 

0.040 

0.29 

0.060 

0.15 

0.18 

0.52 

Concentration Basis Effluent Limit 
(kg/kkg of HE') (l.) (mg/1) 

VFR --------
30-day 24-hr 30-day 24-hr 
Avg Max Avg Max 

2.1 68 143 0.41 0.86 

2.1 63 0.18 0.38 

(3) (3) 
2.0 0.70 1.4 

(3) (3) 
2.0 0.5 1.0 

2.0 0.040 0.080 0.00024 0.00048 

(3) (3) 
2.0 0.29 0.58 

{3) {3) 
2.0 0.060 0.23 

2.0 0.15 0.30 0.00090 0.0018 

{3) {3) 
2.0 0.18 0.36 

2.0 0.52 1.0 0.0031 0.0062 

{1) - VFR: ratio of ~he 24 hour variability factor to the 
30 day variability factor. 

{2) - ~lso applicable for FSNS limitations. 
(3) -No effluent limitations proposed. 
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Toxic pollutants -

A. Nickel: For the proposed NSPS limitation on nickel, 
the BAT concentration basis and VFR value are used because 
the treatment technology remains essentially the same. The 
proposed maximum 30-day average limitation is, . 

(0.15 mg/1) (6.0 m3/kkg) ( kg/m3 ) = 0.00090 kg/kkg 
1000 mg/1 

and, with a VFR of 2.0, the daily maximum is, 

(2.0) (0.00090 kg/kkg) = 0.0018 kg/kkg 

The toxic pollutant limitations for NSPS are presented in 
Table 12-29. 

B. Chromium: Similarly for chromium, the BAT 
concentration basis and VFR value are again used for the 
proposed NSPS limitations. Thus, for chromium, the proposed 
maximum 30-day average limitation is, 

(0.040 mg/1) (6~0 m3/kkg) ( kg/m3 ) = 
1000 mg/1 

and the daily maximum is, 

0.00024 kg/kkg 

(2.0) (0.00024 kg/kkg) = 0.00048 kg/kkg 

c. Zinc: In the case of zinc, the concentration basis 
for the proposed maximum 30-day average is the same as BAT 
(0.52 mg/1). Thus, the maximum 30-day average limitation is, 

(0.52 mg/1) (6.0 m3/kkg) ( kg/m3 ) = 
\:1000 mg/1 

and, the daily maximum is, 

(2.0) (0.0031 kg/kkg) = 0.0062 kg/kkg 

0.0031 kg/kkg 

D. Other metals: The concentration bases for antimony, 
arsenic, copper, lead, and selenium are also provided in Table 
12-29 to be used as guidance in cases where one or more of these 
toxic metals may be of more serious concern. 

12.7.6 Basis for Proposed Pretreatment Standards 

Existing Sources 

For Pretreatment Standards for Existing Sources (PSES), the 
Agency is proposing limitations based on BAT. The pollutants 
to be limited are fluor ide, antimony, chromium, copper, lead, 
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nickel, and zinc as indicated in Table 12-22. Howe~er, at this 
time, there are no indirect dischargers in the HF industry. 

New Sources 

For Pretreatment Standards for New Sources (PSNS), the 
Agency is proposing limitations based on NSPS. The pollutants 
to be regulated are fluoride, nickel, chromium, and zinc 
as indicated in Table 12-29. 
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SECTION 13 

HYDROGEN PEROXIDE INDUSTRY 

13.1 SUMMARY OF DETERMINATIONS 

It has been determined that no further effort 
developing or revising BAT, NSPS, or pretreatment 
for the Hydrogen Peroxide Subcategory ·using 
electrolytic process or the organic process. 

be given to 
regulations 
either the 

The bases for this recommendation are: 1) only one plant 
exists that manufactures hydrogen peroxide using the 
electrolytic process and 2) no toxic pollutants were found in 
the wastes using the organic process. Therefore this 
subcategory is excluded under Paragraph 8 of the Consent Decree. 

13.2 ASSESSMENT OF THE WATER POLLUTION POTENTIAL 

13.2.1 Production Processes and Effluents 

In the electrolytic process, ammonium (or other) bisulfate 
solution is electrolyzed, yielding ammonium per sulfate at the 
anode and hydrogen gas at the cathode. The presulfate is then 
reacted with water to yield hydrogen peroxide and original 
bisulfate. Hydrogen peroxide is separated from bisulfate by 
fractionation, after which it is concentrated and filtered. The 
only waste is a stream of condensate ~rom the fractionation 
condenser. 

The organic process involves the reduction of 
alkylanthraquinone by hydrogen over a supported metal catalyst 
to produce the corresponding alkylhydroanthraquinone. The 
reacted mixture is oxidized to form hydrogen peroxide and 
original a1kylanthraquinone. The peroxide is extracted with 
water and the organic material in the solvent is recycled to the 
process. Since hydrogen,peroxide manufactured by the organic 
process consists of a series of exothermic chemical reactions, 
the bulk of the water usage is for process cooling (contact and 
noncontact). Noncontact cooling accounts for over 90 percent of 
the total water usage in this subcategory. The waste water 
sources include contact cooling (barometric-condenser) water, 
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purification washing of the organic working solutions, 
regeneration waste from the deionizers, and leaks and spills. 

13.2.2 Plants 

Only one plant exists in the United States that 
manufactures hydrogen peroxide using the electrolytic process. 
The hydrogen peroxide subcategory profile data received in 
response to 308 letters is given in Table 13-1. 

Three plants produce hydrogen peroxide by the organic 
process. 

13.2. 3 . Toxic Pollutants 

Data has been received on 100 percent of the industry as a 
result of section 308 letters. A-· sampling survey for toxic 
pollutants was made for three plants. At one plant, 
pentachlorophenol was found in significant concentrations. 
However, it was determined that is presence was due to its use 
as a weed killer at the plant site and this use was 
discontinued. Two more plants were sampled in the verification 
phase, and the survey indicated that no toxic pollutants were 
being discharged in significant quantities. 

Toxic pollutants found during sampling were as follows: 

Pollutant 

Zinc 
Pentachlorophenol 
Bis(2-ethylhexyl)phthalate 
Chloroform 
Naphthalene 

13.3 STATUS OF REGULATIONS 

Maximum Concentration 
Observed (llg/1) 

256 
4850 

20 
11 
11 

Since no toxic pollutants were found in significant 
concentrations, the subcategory is excluded under Paragraph 8. 
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TABLE 13-1 St.JBC.A'I'EXnRY PROFILE DATA SUMMARY 

SUBC.ATF.OORY HYDI03EN PEROXIDE 

'lbtal subcate<:Pr:y capacity rate 

'lbtal subcate<:Pr:y production rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing production 

Plant production range: 

Minimum 

.Maxi.trnJm 

Average production 

Malian production 

Average capacity utilization 

Plant age range: 

Mi.rrimum 

Maxinun 

Waste water flow· range: 

Minimum 

Max.inum 

Volume per unit product: 

Minimum 

Maxinun 

• 

85,700 kkg/year 

4 

4. 

102,200 kkg/year 

57,000 kkg/year 

66 percent 

5, 560 kkg/year 

28,730 kkg/year 

NA 

NA 

NA 

15 years 

27 years 

NA 

NA 

NA 

NA 

Sources of data are Stanford Research Institute, Directory of Chemical 
Producers, u.s.A., 1977, u.s. ~t of Ccmnerce, current Industrial 
Reports, December 1977; Energy and Environmental .Analysis, Inc.; Draft 
Report, "Preliminary Econanic Assessoont of Effluent Limitations in the 
Ioorganic Chanica! Irrlustr:y, '' Jtme, 1978 and "Economic Analysis of Proposed 
Revised Effluent Guioolines and Standards for the Inorganic Chemicals Industry," 
March, 1980. 

NA = Not Available. 
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SECTION 14 

TITANIUM DIOXIDE INDUSTRY 

(RUTILE/UPGRADED ILMENITE -- CHLORIDE PROCESS) 

14.1 INDUSTRY PROFILE 

14.1.1 General Description 

Titanium dioxide is manufactured by a chloride process, a 
sulfate process, and a chloride-ilmenite process. This 
subcategory is subdivided into three segments, one for each 
processs because of the difference in raw materials used, waste 
water flows, and raw waste character is tics. T i02 is a high 
volume chemical, ranking within the first fifty of all u.s. 
chemicals production. Over fifty percent of the titanium 
dioxide produced is used in paints, varnishes and lacquers. 
About one third is used in the paper and plastics industries. 
Other uses are found in ceramics, ink and rubber manufacturing. 

The industrial profile data for the chloride segment are 
presented in Table 14-1, while the status of regulations is 
given in Table 14-2. 

14.1.2 General Process Description and ~Materials 

In the chloride process, the raw materials used are rutile 
or upgraded ilmenite ore, which are relatively pure materials 
with a high titanium and a low iron content. For upgrading 
ilmenite (FeTi03), a beneficiation process removes a part or all 
of the ~ron. Several patented processes exist for the 
beneficiation step and two or three are in current operation on 
a commercial scale. The wastes from the chloride process 
using beneficiation of ilmenite in titanium dioxide production 
are different from those produced using high grade titanium ore 
(rutile or upgraded ilmenite). The Titanium Dioxide Subcategory 
has been classified further into three separate categories: 
sulfate process using ilmenite ore, chloride process using 
rutile or upgraded titanium ore, and chloride process using 
ilmenite ore. This section is restricted to the chloride 
process using rutile ore. 
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TABLE 14-1 stJBCATEmRY PROFILE DATA SUMMARY' 

TITANIUM DIOXIDE (CHI.DRIDE PROCESS ) 

Total subcategory capacity rate 

Total subcategory p::roduction rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing p::roduction 

Plant p::roduction range: 

Min:imum 

Maxi.nUJm 

Average production 

Median p::roduction 

Average capacity utilization 

Plant age range: 

Minimum 

.M.axinn.1m 

waste water flow 1:"ange: 

Min:inulm 

Maximiin 

Volume per unit p::roduct: 

Minimum 

Maxi.nUJm 

610,000 kkg/year 

389,000 kkg/year 

5 

5 

184,600 kkg/year 

142,000 kkg/year 

30 percent 

37 percent 

16,900 kkg/year 

45,200 kkg/year 

28,400 kkg/year 

25, 600 kkg/year 

77 percent 

6 years 

15 years 

1,140 cubic meters/day 

4,770 cubic meters/day 

29.3 cubic meters/kkg 

110 cubic metersjkkg 

Sources of data are Stanfom Research Institute, Directory of Chemical 
Producers, u.s.A., 1977, u.s. Department of Ccmnerce, CUrrent Industrial 
Reports, Decanber 1977; Energy ani Envirornnental Analysis, Inc.; Draft 
Report, "Prel.imi.n.ary Econanic Assessrent of Effluent Limitations in the 
Inorganic Chanica! In:iustry, 11 Jrme, 19 78, and "Economic Analysis of 
Proposed Revised Effluent Guidelines and Standards for the Inorganic Chemicals 
Industry, " M3rch, 19 80 • · 
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TABLE 14-2 ... STATUS OF RmOIATICNS - EF.FLUENT :t.IMITATICN GOmELINES 

SOECATEGORY Titanium Dioxide 

SUBPAR!' ·V (40 CFR 415.220, 3/12/74) 

STANDARDS 

BPC'ICA* ~* NSPS* 
Max.1 Avq.2 Max. Avq. Max. Avg. 

Product Para- kg/kkq klg/kkg kg/kkg kg/kkg kg/kkg kg/kkg 
PJ:ocess meters (nq/1) (m;/1) (m;/1) (m;/1) (m;/1) (mg/1) 

Chloride 
TSS 

4.6 2.3 2.6 1.3 2.6 1.3 
Process 

Il:on 
0.72 0.36 0.36 0.18 0.36 0.18 

SUlfate 
TSS 

21.0 ** 10.5 10.6 5.3 10.6 5.3 
Process (100.0) (50.0) 

Il:on 1.7 0.84 0.84 0.42 0.84 0.42 
(8.1) (4.0) 

* Sections 415.220, 415.222, 415.223, and 415.225 were renanded and are 
.presently reserved (41 FR 51602, Novenber 23, l9761. 
"'Max. = .Maximum of any one day. 
2A: . ' 
~· =Maximum averaqe of daily values for th:irtv mnl'lP.Cutive rl.avs. 

**flow basis 210,"000 1/kkg. 
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In the chloride process, the ore and coke are dried and then 
reacted with chlorine to form titanium tetrachloride. The 
chemical reaction taking place in the reactor is given as: 

3C + 2Ti02 + 4Cl2 = 2TiC14 + C02 + 2CO (1) 

The reaction takes place at a temperature of 800-1000 
degrees C and a fluidized bed reactor is generally used. The 
product gases leaving the reactor consist of titanium 
tetrachloride, unreacted chlorine, carbon dioxide, carbon 
monoxide and minor amounts of heavy metal chlorides. The gases 
are initially cooled to 250 degrees C to remove the impurities, 
although in some cases purification is accomplished by washing 
the gases with liquefied titanium tetrachloride. Iron chloride 
and small amounts of vanadium, zirconium, and other trace metal 
chlorides are removed by centrifugation and the liquid recycled 
to the absorber. Titanium tetrachloride is liquefied from the 
gases after the first stage of cooling by further cooling to 
ambient temperature. Copper, hydrogen sulfide and, in some 
cases, proprietary organic complexing agents are added for 
purification to the condensed solution. Copper acts as a 
catalyst to decompose the phosgene formed in the TiC14 stream. 
Organic complexing agents aid in separation of the TiC14 from 
other chlorides such as cupric chloride and silicon 
tetrachloride. 

The residual uncondensed gases generally consist of 
hydrochloric acid, chlorine, carbon monoxide, carbon dioxide, 
nitrogen, and some titanium tetrachloride. They are treated to 
remove acidic materials before being vented to the atmosphere. 

The liquefied titanium tetrachloride contains impurities 
such as aluminum chloride, silicon tetrachloride, etc., which 
are removed by distillation. The distillate is the purified 
titanium tetrachloride and the impurities remain as a residual 
which becomes waste. The tail gases from the cHstillation 
column are scrubbed to remove acidic materials. The titanium 
tetrachloride product is then reacted with oxygen, as air, 
forming titanium dioxide and chlorine: 

TiC14 + 02 = Ti02 + 2Cl2 (2) 

The rate of reaction is negligible below 600 degrees C but 
increases rapidly above this temperature, and is generally 
maintained between 1200-1400 degrees C for efficient reaction 
and conversion. The needed heat is supplied by passing the 
reactants through heat exchangers, by electric dischargers, or 
by use of fluidized beds. After the oxidation reaction, the 
titanium dioxide forms a solid and is separated from the gases 
either in cyclones, baghouse filters, or Cottrell precipitators. 
The residual chlorine is refrigerated and liquefied. The tail 
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gases are scrubbed with caustic soda to remove chlorine before 
being vented to the atmosphere. When air is used for oxidation, 
chlorine recovery is achieved by absorption in trichlorethylene, 
followed by distillation to remove chlorine. The titanium 
dioxide is then sent to the finishing operation where it is 
vacuum degassed and then treated with alkali, using a minimum 
amount of water to remove traces of absorbed chlorine and 
hydrochloric acid. The pigment is then milled, surface treated 
for end-use application, dried, and packaged for sale. A 
generalized process flow diagram, including the waste streams, 
is shown in Figure 14-1. 

14.2 WATER USE AND WASTE SOURCE CHARACTERISTICS 

14.2.1 Water Use 

Water Use 

Water is used in noncontact cooling, for scrubbing the tail 
gases from the purification and oxidation reactor to remove 
contaminants, and in the finishing operation of the product. 
The total amount of water usage varies from 45.3 to 555 m3/kkg 
of Ti02 produced, as shown in Table 14-3. The table also shows 
that cooling water constitutes the major use of water and varies 
from 10.7 to 426 m3/kkg of Ti02 produced. 

14.2.2 Waste Sources 

Wastes from Cooling Chlorinator Gas 

The waste consists of solid particles of unreacted ore, 
coke, iron, and small amounts of vanadium, zirconium, chromium, 
and other heavy metal chlorides. They are either dissolved in 
water and sent to the waste water treatment facility or disposed 
of in landfills as a solid waste. 

Chlorinator Process Tail Gas Scrubber Waste 

The uncondensed gases, after the liquefaction of titanium 
tetrachloride, are initially wet scrubbed to remove hydrogen 
chloride, chlorine, phosgene, and titanium tetrachloride and 
chlorine. In a second stage, they are scrubbed with caustic 
soda to remove chlorine as hypochlorite. 

Distillation Bottom Wastes 

These contain copper, sulfide, and organic complexing 
agents added during purification in addition to aluminum, 
silicon, and z1rconium chlorides. These are removed as 
waterborne wastes and reaction with water converts silicon and 
anhydrous aluminum chlorides to their respective oxides. 
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~------------~~~~ WATER 

Figure 14-;1. . General process diagram for production of titanium dioxide 
(chloride process} from high grade ores. 
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TABLE 14-3. WATER USAGE !N TITANIUM DIOXIDE-cHLORIDE PRCX!ESS/HIGH GRADE 

ORES SUICATEIDRY 

Water Use 
W:l.ter usage at plants 

(m3/kkg of Ti02) 

W:l.ter Use 

Plant #102 

Nonecmtoot cooling 182 

Direct process contact 10.5 

Indirect process contact NA 

Maintenance, equipnent 6.~5 
cleaning and work area 
was blown 

Air pollution control 0. 25 

Noncont:.aot> ancillary uses 11.60 

Sanitary & p:>tab1e water 0. 23 

'lbtal 211.23 

NA = Not available 

' 367 

Plant #172 

10.66 

15.53 

0.72 

0.52 

7.14 

10.4 

0.31 

45.28 

Plant #l99 

426 

73.2 

26.5 

2.80 

11.3 

9 .. 5 

5.6 
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Oxidation Tail Gas Scrubber Wastes 

The gases from the oxidation unit are cooled by 
refrigeration to liquefy and recover chlorine. The uncondensed 
off-gases are scrubbed with water or caustic soda to remove 
residual chlorine. When caustic soda is used as the scrubbing 
solution, the resulting solution of sodium hypochlorite is 
either sold, decomposed, sent .to the waste water treatment 
facility, or discharged without treatment. The scrubber waste 
stream also contains titanium dioxide particulates. 

Finishing Operations Waste 

The liquid wastes from the finishing operation contains 
titanium dioxide as a suspended solid and dissolved sodium 
chloride formed by the neutrali~ation of res'idual HCl with 
caustic soda. 

The range of waste water flows requiring treatment is 
summarized in Table 14-4. The wide range of flow occurs because 
some plants use additional water to wash solid process residues 
to the waste treatment system. · 

14.3 DESCRIPTION OF PLANTS VISITED AND SAMPLED 

14.3.1 Screening 

Plant f559 was visited and the waste effluents sampled in 
the screening phase of the program. Plant #559 makes titanium 
dioxide using both the sulfate and the chloride processes. The 
waste waters from both processes are mixed and undergo combined 
treatment. · 

The solids from the chloride process, called pit solids, 
(mainly unreacted ore, coke, iron, and trace metal chlorides 
including TiC14) are separated from the first stage cooling of 
the chlorinated gases and are slurried with. water. The slurried 
pit solids and the distillation column bottom residue effluents 
from the chloride process are sent to a large settling pond 
(called the weak acid pond) where they are mixed with the weak 
acid from the sulfate process. The overflow from the settling 
pond is neutralized with ground calcium carbonate in a reactor. 
The reactor effluent is filtered, ae~ated to remove iron and 
combined with neutralized strong-acid waste effluent (from the 
sulfate process) • The combined scruJ;:>ber and contact cooling 
waste water from both sulfate and chloride processes is also 
combined at this point. The combined was~e water is neutralized 
and solids settled qut in a pond prior to final discharge. A 
flow diagram of the treatment facility including the sampling 
locations is shown in Figure 14-2. 
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TABLE 14-4. 

Plant 

' # 

102 

172 

559 

199 

WASTE WATER FI.DW FOR TITANit.M DIOXIDE-cHIDRIDE PROCESS 
SUOCATEX30RY 

TITANIUM DIOXIDE lCbioride Process) 

Unit waste Water Flow Going to Treatment Plant 
(m3/kkq of Ti02) 

29.3 (l) 

34.7(l) 

91.0 (2) 

110.0 (2) 

(1) Offsite disFOsal of process solid residues. 
(2) Process solid residues are slurried to waste treatment. The average 

flow of Plants #559 and #199 was used as the model plant flow for 
cost est:imating and regulation developnent. 
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Problems were encountered during the sampling of the pit 
solids and the distillation bottoms. The pipes carrying the 
wastes from the process discharged at the bottom of the settling 
pond and it was not possible to take the samples right at the 
outlet of the pipe. The combined sample of the two streams was 
taken at the surface of the discharge. It is probable that some 
solids settled before the stream reached the surface. Table 14-
5 gives the waste flows and pollutant loadings for the streams 
sampled at Plant ~559. Because of the intermixing of the waste 
effluents from both chloride and sulfate processes, the 
pollutant loadings in Table 14-5 were calculated by 
proportioning according to the relative hydraulic loadings. 

14.3.2 Verification 

Plant #172 was sampled in the verif-ication phase. Titanium 
dioxide is made at this facility by the chloride process only. 
The strong acid wastes and the spent coke and ore residues are 
hauled to a secure chemical landfill for disposal. The waste 
water from the process, mainly the scrubber water, is collected 
in trenches and sent to a central reactor basin. Other 
discharges, including a part of the total rain runoff, are also 
collected in ditches and sent to the reactor basin. In the 
reactor basin, sodium hydroxide is used for neutralization, and 
the resulting effluent is mixed with the remaining rain water 
runoff and sent to the first of two retention basins arranged in 
series. The overflow from the second retention is pH adjusted 
with sulfuric acid before discharge. A simplified diagram of 
the treatment system, including the sampling points, is shown in 
Figure 14-3. Table 14-6 gives the waste flow and pollutant 
loadings for the streams sampled. 

14.3.3 Toxic Pollutant Concentrations 

Five toxic pollutants were found above the treatability 
levels in the raw waste of plant ~559. It is possible that some 
of the pollutants might be from the sulfate process waste water 
as the two raw waste effluents are intermixed before treatment. 
One pollutant was found above the treatability level in the raw 
waste of Plant ~172. No organic toxic pollutants were found 
above treatment levels in the raw wastes of either plant. The 
maximum concentration of the toxic pollutants found in the raw 
waste in significant concentration in the screening and 
verification program were: 
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'mlLE 14-5. F.IJ::M AN:> ~ a:u:mr:t~.!l'ICN D..h.TA 02 THE st\MPLED N\Sl'E 
srREAMS OF l'U.Nr 1172 J?ro~X.X:IN3 TlT.ll.NllM DIOXIIE BY CHWRIIE-RUriLE m:x::ESS 

Sl'RFR·112 Sl'RE1lM IS CM.CtLATED Esr!MATE Sl'RE2\l•t 16 (1) 

Pit 9:>lids and Sc::J:u1:iler and · Total Raw Waste Treated Effluent Distillation BJttans Contact Cool~ Water 

A B c D E F G H I J K L 

J:Ollutant (AxBKl.0-3) UlKEKJ.0-3) (A+D) (C+F) (Hld0-3 /G) 
Unit now OJn::. 1 tbit Wad (Unit now) Cooo. Unit load Unit now Unit load Cooo. Unit now Cbtlc. Unit Jnad 

(m3/kkg) (mg/!) (kgjkkg) (m3/kkg) (mg/1) (kg/kkg) (m3jkkg) (kgjkkg) (mg/1) (m3/kkg) (m;J/l) (kg/ld':g) 

, 
10.9 80.1 91 91 

TSS 6903 75.2 314 25.2 100.4 1103 23 2.1 

Iron 1348 14.7 143 u.s 26.2 288 4.4 0.4 

w Chromium 112 1.2 0.11 0.01 1.21 13.3 0.03 0.003 ...,J 
N 

Lead 3.53 0.04 0.009 0.001 0.041 0.5 0.002 0.0002 

Nickel 3.46 0.04 0.016 0.001 0.041 0.5 0.005 0.0004 

zinc 2.12 0.02 0.13 0.01 0.03 0.3 0.06 0.005 

(1) See Figure 14-2 for location of sa.npl:i.ng J;Oints 
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TABLE 14-6. FIDW AND IOLLUTANT CONCENI'RATION IlA.TA OF THE SAMPLED W\.Sl'E 
S'I'RF.AMS FOR P~ #172 PRODUCING TITANIDM DIOXIDE (CHLORIDE PROCESS) 

SAMPLED SrRFAM #1 SAMPLED S'I'EE'AM #3 

R:>llutant Raw W:tste Influent Treated Effluent 

A B c 
(A+Bxl0-3 ) 

D E F 
(D+Exl0-3 ) 

Unir. Flow Avg·. Cone. Unit load Unit Flow Avg. Cone. Unit load 
(m3jkkg) (mg/L) (kg/kkg) (m3/kkg) (mg/1) (kg/kkg) 

34.7 34.7 

TSS 171 5.93 6.7 0.23 

Iron 2.9 0.10 0.33 0.01 

Chromium 0.72 0.03 0.02 0.0007 

Lead 0.005 0.0002 0.002 0.00007 

Nickel 0.08 0.003 0.01 0.0003 

Zinc 0.3 0.01 0.09 0"1-003 
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Maximum Raw Waste Concentrations Observed (pg/1) 

Pollutant 
Plant =11559 

Screening 
Plant f.l72 

Verification 

Chromium 
Lead 
Nickel 
Zinc 

15Q,OOO 
5,150 
6,320 
3,300 

*NS - Concentration was found below the lower limit of 
treatability; i.e., not significant. 

1800 
NS* 
NS 
NS 

The screening and verification sampling program and the 
methodology used have been described in Section 5.1.2 of this 
report. A total of six days of sampling was conducted at Plants 
#559 and f.l72. Five effluent waste streams were sampled at 
Plant ~ 559 and three streams were sampled at Plant #172. At 
each sampling point, three 24-hour composite samples were 
collected for analysis. The evaluation of toxic metal content 
of these process related waste streams was based on 550 
analytical data points. The average unit loadings and 
concentrations for conventional, nonconventional, and toxic 
pollutants found in the raw waste effluents for Plants ¥559 and 
¥.172 are given in Table 14-7. 

The total quanti ties of toxic pollutants generated each 
year for this subcategory (calculated as total subcategory 
production times average unit toxic pollutant load from Table 
14-7) are as follows: 

Pollutant Waste Load (kg/year) 

Chromium 
Lead 
Nickel 
Zinc 

14.4 POLLUTION ABATEMENT OPTIONS 

14.4.1 Toxic Pollutants of Concern 

241,000 
8,200 
8,500 
7,800 

The dominant toxic pollutant in untreated effluents in the 
Titanium Dioxide (chloride process) Subcategory is chromium. 
Chromium was found in treatabl.e concentrations at both plants 
sampled in the screening and verification phase. Lead, nickel, 
and zinc were·found in the raw waste of Plant f559 at treatable 
levels, but· were not present in the Plant #172 raw waste. At 
Plant #559, the chloride process waste effluents are mixed with 
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TABLE 14-7. RAW WASTE POLLUTANT DATA SUM1ARY OF THE SAMPLED Sl'REAMS 

stJECAT.E)3()RY: TITANIUM DIOXIDE (CI:lli)RIDE PROCESS) 

Average Daily Pollutant Concentration a,nd loadings at Plants Sampled 
(kg/kkg of Ti02) 

Pollutant 

Toxic : 

Iron 

Chranium 

Lead 

Nickel 

Zinc 

conventional: 

TSS 

Plant 
#559 

26.2 
(288) 

1.21 
(13.3) 

(mg/1) 

0.041 
(0.5) 

0.041 
(0;5) 

0.03 
(0.3)_ 

100.4 
(1103) 
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Plant 
#172 

0.10 
(2. 9) 

0.03 
(0.72) 

0.0002 
(0.005) 

0.003 
(0.08) 

0.01 
(0.3) 

5.93 
(171) 

OVerall 
Average 

13.15 

0.62 

0.021 

0.022 

0.02 

53.17 



the sulfate process waste effluents before treatment. It is 
likely that the three major toxic pollutants found were 
contributed by the sulfate process wastes, as it uses a low 
purity ore (ilmenite). At Plant ¥.172, the solids generated from 
the chloride process (which consist of solid particles of 
unreacted ore, coke, iron, and other heavy metals) are hauled to 
a landfill for disposal. It seems probable that the three 
pollutants are present in this solid waste and hence do not 
appear in the waste waters. 

14.4.2 Process Modification and Technology Transfer Options 

1. Research to develop economical techniques to recover 
the vanadium and other metal values from the solid wastes 
generated from the process waste treatment system would appear 
to be a fruitful area of investment. 

2. New plants can utilize refrigeration and high pressures 
for chlorine liquefaction. This would reduce or eliminate the 
chlorine residual problem in the tail gases. The capital cost 
to modernize old plants is high, but these plants should have a 
caustic soda or lime scrubber instead of a water scrubber to 
remove residual chlorine from the tail gases •. Caustic or lime 
scrubbing removes a significant portion of the chlorine from the 
tail gases as seen from the analagous data for the chlorine 
subcategory given in Section 11. 

14.4.3 Best Management Practices 

Provision should be made at all plants to collect storm 
water runoff from the plant site and send it to the treatment 
facility. Three out of a total of five existing plants are 
presently treating storm water runoff. 

14.4.4 Prevailing Control and Treatment Practices 

At Plant il72, the solid wastes consisting of spent ore and 
coke are hauled to an off-site landfill. Process waste waters 
consisting of scrubber and contact-cooling effluents and a part 
of the surface runoff are sent to a mixing basin where they are 
neutralized with caustic soda. The effluent from the basin is 
then sent to two retention ponds in series. Additional or 
residual rain water runoff is added to the ponds for 
clarification. The overflow from the last pond is monitored and 
discharged to a surface stream. At Plant ¥559, the waste waters 
from both chloride and sulfate processes are mixed and treated 
together. The distillation bottoms and the unreacted ore and 
coke from the chloride process are combined with the weak acid 
effluent from the sulfate process in a pond. The overflow from 
the pond is neutralized with limestone and oxidized with air for 
the removal of iron. The waste water is then mixed with the 
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neutralized strong acid waste (from· the sulfate process) and 
scrubber waters (from both the chloride and sulfate processes) 
and neutralized with lime in a reactor and sent to a final 
settling pond. The overflow from the pond is the final 
discharge. 

At Plant fl99, all the process waste waters are combined, 
including storm water and sanitary waste water. The combined 
was~e water is sent to a four-stage neutralization system, and 
the effluent from each of the four stages of neutralization is 
sent to a thickener. The thickener overflow is transferred to 
the first of three settling ponds, also in series. The 
underflow from the thickener is heated to improve its filtration 
characteristics and filtered in four rotary drum filters. The 
thickened solids from the filters are disposed of in a landfill 
and the filtrate is combined with wash water, and vacuum pump 
seal water prior to being recycled to the fourth stage of the 
neutralization train. The overflow from the last settling pond 
is discharged. 

The process waste water streams at Plant ¥,102 are received 
in two tanks, neutralized with lime, and then sent to a settling 
basin. The settled solids are retained in the settling lagoons. 
The plant has future plans for treating boiler blowdown, and 
cooling tower blowdown, leaks and spills with the process waste 
water. 

At Plant ~605, the unreacted ore and coke is disposed of as 
a solid waste in the pit. The waste water from the process is 
passed to two tanks for flow equalization, and the water is then 
reacted with ground limestone slurried in water. The treated 
solution is centrifugally treated to remove coarse solids which 
are separated and landfilled. A flocculating agent is added to 
the centrate and the solution is sent to a clarifier. The 
clarifier overflow is degassed and the pH adjusted with caustic 
soda (if required) before discharge. 

14.4.5 Advanced Treatment Technologies 

Neutralization and settling are practiced for the treatment 
of chloride process raw waste effluents at all the five plants 
for which 308 data are available. Air oxidation, , sulfide 
precipitation, xanthate precipitation, and ion exchange might be 
applied to the clarified solutions for control of metals. 
Sulfide precipitation or the xanthate process could be used to 
provide additional removal of zinc, lead, and nickel~ 
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14.5 SELECTION OF APPROPRIATE TECHNOLOGY AND EQUIPMENT 

14.5.1 Technologies for Different Treatment Levels 

Level 1 (BPT) 

The chloride process wastes are equalized, neutralized with 
lime to a pH range of 6 to 9, and settled in lagoons before 
discharge. Level 1 treatment is typical of industry practice 
and for this reason was selected as the technology basis for BPT 
regulations. 

Level 2 

Alkaline precipitation as a second-stage lime treatment to 
an optimum pH (9 to 10) is added to Level 1 to precipitate 
metallic hydroxides, which are then filtered before discharge. 
Filtration removes traces of metallic hydroxides which do not 
separate in a gravity system. Level 2 technology was 
utilimately selected as the basis for the proposed BAT 
limitations because it provides an economical method for the 
removal of additional toxic metals. 

Level 3 

Ferrous sulfide treatment is added ahead of the Level 2 
filter to precipitate the heavy metals more effectively. 

Alkaline precipitation was chosen as Level 2 because it 
readily supplements existing lime neutralization by the simple 
addition of filtration and increasing the Level 1 lime dosage. 
Sulfide precipitation was chosen at Level 3 because it provides 
a polishing treatment for most residual heavy metals beyond 
Level 2 treatment. 

Figures 14-4, 14-5, and 14-6 show the model treatment 
systems adopted for the chloride process wastes. 

14.5.2 Equipment for Different Treatment Levels 

Equipment Functions 

BPT treatment is essentially lagooning with lime 
neutralization, using no special equipment except a lime feeder 
and mixer. 

In Level 2, second stage lime treatment is followed by 
gravity clarification and multi-media filtration, with 
necessary pH controls. 
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In Level 3, ferrous sulfide is added ahead of the Level 2 
filter, to react with residual heavy metals more completely than 
in the alkaline precipitation step at Level 2. 

Chemicals and Handling 

Lime and hydrochloric acid are fed with conventional 
equipment at all levels, and ferrous sulfide is prepared on-site 
by mixing ferrous sulfate with sodium bisulfide. When normal 
dust control and good ventilation are used, there should be no 
adverse effects from handling these chemicals, although care 
should be taken that hydrogen sulfide gas is not generated. 

Separation and Removal of Solids 

Inert ore fractions and precipitated solids are accumulated 
in clay-lined lagoons, which are alternately drained. Solids 
are mechanically removed to self-drai-ning 18 ft. high storage 
piles on land provided at the site for a 10-year operating 
period. At Levels 2 and 3, small amounts of heavy metal 
precipitates in the clarifier underflow are filter pressed and 
hauled to a secure landfill. 

14.6 TREATMENT COST ESTIMATES 

14.6.1 General Discussion 

To determine the treatment cost, a model plant concept was 
developed. A raw waste unit flow was selected and pollutants to 
be treated were selected, based on the treatment system data 
available for the five Ti02 plants and the screening and 
verification sampling program. Three production levels were 
then selected to cover the entire subcategory range. Treatment 
costs for Levels 1, 2, and 3 were calculated for each of the 
model plant production ranges using the unit flow and unit 
pollutant loads. The preliminary cost data given in the cost 
tables and figures were generated using a low unit flow of 31 
m3/kkg of Ti02 based on incomplete industry data. The new unit 
flow of 100 m3/kkg used for the model plant in regulation 
development has been selected to be more representative of the 
subcategory and it is assumed that the unreacted ore and coke 
are slurried and sent to the treatment system, instead of being 
disposed of in a landfill as a solid waste. The need for 
revising the preliminary cost estimates is being evaluated by 
the Agency and any appropriate changes will be made prior to 
promulgation. The model plant specifications presented here 
were used in regulation development. 
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Waste Water Flow 

The unit waste effluent flow varies from 29.3 to 110.0 
m3/kkg of Ti02 for the four plants as shown in Table 14-4. The 
primary reason for the variation in the flow is that some plants 
slurry the spent ore and coke (solid waste from chloride 
process) and send it to the treatment system, and others haul 
the dry solids to a landfill. The flow variation is also 
dependent on the difference in the chlorine recovery process 
from the tail gas and the amount of scrubbing liquid used. 
Small variations in flow also result from the finishing 
operation which is dependent on the type of titanium dioxide end 
product desired. Plants #559 (unit flow of 91 m3/kkg) and fl99 
(unit flow of 110 m3/kkg) sent the solid waste from the 
manufacturing process to the treatment facility. It is"assumed 
for treatment system cost estimation that the solids are 
included in the raw waste flow to the treatment system. A 
constant unit flow of 100 m3/kkg of Ti02 has been used for the 
model plants, which is an average of the unit flows of Plants 
i559 and #199. 

Po11u tant Load 

The primary pollutants occurring in the waste water are 
suspended solids, acidity, and the chlorides of ferric iron, 
chromium and other trace metals. The suspended solids (TSS) 
loading values for Plants # 559 and f.l7 2 are 100.4 and 5. 9 3 
kg/kkg of Ti02 (Table 14-7). The low value represents a plant 
that hauls ore and coke off-site, while the high value is 
believed to be due to nonrepresentat.ive sampling. The amount of 
solids produced are higher than the values indicated fo~ the 
sampled plants. Consequently, a higher suspended solids loading 
of 500 kg/kkg of Ti02 (reported in the 308 data from Plant #199) 
is assumed for the model plants. To establish treatment 
chemical requirements and related costs, the toxic pollutant 
loadings for the model plant are taken as the average values of 
the unit pollutant loadings of the plants sampled in the 
screening and verification program (Table 14-6) and the selected 
pollutant values are: 

Pollutant 

Chromium 
Lead 
Zinc 
Iron 
Nickel 

Production Rates 

Unit Loading (kg/kkg of Ti02) 

0.62 
0.021 
0.020 

13.15 
0.022 

Five plants produce titanium dioxide from rutile ore or 
ilmenite ore, using the chloride process at a total production 

384 



rate of 142,000 metric tons per year. Production ranges from a 
minimum of 16,900 kkg/year to a maximum of 45,200 kkg/year with 
a mean of 28,400 kkg/year and a median of 25,600 kkg/year. For 
waste water treatment cost estimates, three production levels 
were selected as model plants. These are 16,900 kkg/year, 25,500 
kkg/year, and 45,200 kkg/year. This range of production 
includes all United States plants. 

The estimated costs for the three models having different 
production levels are given' in Tables J.4-8, 14-9, and 14-10. 
Annual treatment costs as a function of production are shown 
graphically in Figure 14-7. Similarly, treatment costs per 
metric ton of product are given in Figure 14-8. Table 14-11 
presents a summary of the unit cost distribution between 
amortization, and the operation and maintenance cost components 
at various production rates and levels of treatment. The costs 
shown at each level of treatment correspond to the model plant 
BPT (Level 1) system and higher level (2 or 3) systems which may 
add to or modify the existing BPT system to meet more stringent 
toxic pollutant removal requirements. The higher levels (2 and 
3) also furnish a better effluent quality with respect to the 
conventional and nonconventional parameters. For model plants 
at the base level of treatment, amortization, chemicals and the 
residual waste disposal costs have a significant impact on the 
total annual costs. At treatment levels 2 and 3, amortization, 
chemicals and labor constitute a major portion of the additional 
annual costs. 

14. 7 BAS IS FOR REGULATIONS 

14.7.1 Evaluations of BPT Treatment Practices 
~~~~~~-- ---

All the plants producing titanium dioxide by the chloride 
process using rutile ore or upgraded ilmenite ore practice 
neutralization and settling for control and treatment of the 
waste effluents. A variation in the effluent quality is 
expected because of the method of handling the unreacted ore and 
coke (generated as solid residue from the chloride process). 
Two of the five plants haul the residue to a secure landfill for 
disposal while the remainder slurry the residue with water and 
send it to the treatment system. No information is available 
about recycling the treated waste water at any of the plants. 

Pollutant Removal with BPT Treatment 

Treatment Level 1 is equivalent to the proposed BPT in the 
Ti02 subcategory (chloride process). 

Plants #559 and ¥.172 practice neutralization and settling 
of the raw waste. At Plant 4/559, the chloride process raw waste 
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TABLE 14-8. MODEL PLANT TRFA'IMENT CCSTS 
============================================================================== 

Subcategory TITANIUM DIOXIDE-chloride Process 

Production 16,900 metric tons per year 
48 metric tons per day 

Waste water flow 1485 cubic meters per day. 

( 18, 632 tons per year) 
(53 tons per day) 

LEVEL OF 'IRFA'IMENT* 

A. INVES'IMENT CCST 

Construction• ••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land •••••••••••••••••• 

TarAL INVES'IMENT CCST 

B. OPERATION AND 
MAINTENAN:::E COST 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal •••••••••••.•• 
Monitoring, analysis 
and reporting ••••••••• 

TOI'AL OPERATION AND 
MAINTENAN:::E CCST 

C. AMCRTIZATION OF 
INVES'IMENI' CCST 

TarAL ANNUAL COST 

FIRST 

$368,500 

209,000 

9,000 

117,300 

117,300 
192,000 

$1,013,100 

$56,000 
3,700 

140,000 
82,110 
30,393 

108,000 

15,000 
----------

$435,203 

$133,592 
---------

$568,795 

SECOND 

$49,000 

389,000 

87,600 

87,600 
6,000 

$619,200 

$84,000 
4,300 

34,100 
61,320 
18,576 

9,000 

7,500 
----------

$218,796 

$99,767 
----------

$318,563 

*First level represents the base cost of treatment system. 
Other levels represent the incremental cost above base cost. 
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TABLE 14":"9. MODEL PLANT TREA'IMENT COOTS 
============================================================================== 

Subcategory TITANIUM DIOXID~oride Process 

Production 25,500 metric tons per year 
72 metric tons per day 

Waste water flow 2240 cubic meters per day. 

(28,113 tons per year) 
( 80 tons per day) 

LEVEL OF 'IREA'IMENT* 

A. INVES'IMENI' CCBT 

Construction ••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land •• ••••••••• o •••••• 

TarAL INVES'IMENT CCBT 

B. OPERATION AND 
MAINTENAN::E CC6T 

Labor and supervision. 
Energy ••••.••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Resldl.tal waste 
disposal•••••••o•••••• 
Monitoring, analysis 
and reporting ••••••••• 

TarAL OPERATION AND 
MAINTENAN::E CC6T 

C. 1\MORTIZATION OF 
INVES'IMENT CCBT 

TarAL ANNUAL CCBT 

FIRST 

$525,000 

228,000 

9,000 

152,400 

152,400 
276,000 

$1,342,800 

$56,000 
4,000 

211,000 
106,680 

40,284 

164,000 

15,000 
---------

$596,964 

$173,568 
----------

$770,532 

SECOND 

$50,800 

450,000 

100,160 

100,160 
6,000 

$707,120 

$84,000 
5,500 

51,000 
70,112 
21,213 

11,000 

7,500 
----------

$250,325 

$114,072 
---------

$364,397 

*First level represents the base cost of treabment system. 
other levels represent the incremental cost above base cost. 
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TABLE 14-10. MODEL PLAN!' TREA'IMENT COOTS 
==~========================================================== 

Subcategory TITANIUM DIOXID~hloride Process 

Prodootion 

Waste water flow 

45,200 metric tons per year 
129 metric tons per day 

3980 cubic meters per day. 

( 49,833 tons per year) 
(142 tons per day) 

LEVEL OF 'IREA'IMENT* 

A. INVES'IMENT COOT 

Construction ••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
I..and •• •••••••••••••••• 

TorAL INVES'IMENT COOT 

B. OPERATION AND 
MAINTENAN::E COST 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal •••••••••••••• 
Monitoring, analysis 
and reporting ••••••••• 

TorAL OPERATION AND 
MAINTENAN::E COOT 

C. 11MCRTIZATION OF 
INVES'IMENI' COOT 

' 
TorAL ANNUAL COOT 

FIRST 

$815,500 

283,000 

9,000 

221,500 

221,500 
504,000 

$2,054,500 

$56,000 
4,600 

374,000 
155,050 
61,635 

294,000 

15,000 
----------

$960,285 

$252,266 
---------
$1,212,551 

SECCND 

$76,800 

590,000 

133,360 

133,360 
6,000 

$939,520 

$84,000 
7,650 

95,000 
93,352 
28,185 

20,009 

7,500 
or--------

$335,687 

$151,883 
----------

$487,570 

*First level represents the base cost of treatment system. 
other levels represent the incremental cost above base cost. 
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TABLE 14-11. MODEL PLANr TREA'IMENT COOTS 
==========================================================================--===== 

Subcategory TITANIUM DIOXIDE-Chlortde Process 

Annual Treatment Costs ($/kkg) 

LEVEL OF 'IRFA'IMENT 

cosr ITEt-1 PRODUCI'ION FLOW FIRST SECCND THIRD FOURTH 
(kkg/yr) (m3/day) 

Annual Operation 
and Maintenance 16,900 1,485 25.75 12.95 13.27 Not 

25,500 2,240 23.41 9.82 10.09 Applicable 
45,200 3,980 21.25 7.43 7.65 

Annual 
Amortization 16,900 1,485 7.90 5.90 6.07 

25,500 2,240 6.81 4.47 4.60 
45,200 3,980 5.58 3.36 3.47 

Total' Cost 16,900 1,485 33.66 18.85 19.33 
25,500 2,240 30.22 14.29 14.68 
45,200 3,980 26.83 10.79 11.12 

391 



water is mixed with the sulfate process waste water for 
treatment. Also at Plant f559, the spent ore and coke (solid 
residues from the chloride process) are slurried with water and 
sent to the treatment facility whereas at Plant ¥.172, the solid 
residues are hauled to a chemical landfill. Long-term treated 
effluent data have been submitted by both Plants f559 and f.l72. 
The derivation of the variability factors for daily and 30-day 
averages for both plants are given in Tables 14-12 and 14-13. 

The concentration of the raw waste and treated effluent 
along with the percent removal of the pollutants by the 
treatment system for Plants #559 and #172 sampled in the 
screening and verification program are given in Table 14-14. 

14.7.2 Basis for Proposed BPT Effluent Limitations 

Technology Basis 

For BPT, 
equalization, 
All plants in 
installed. 

Flow Basis 

the Agency is proposing limitations bas~d on 
neutralization, and settling or clarification. 
this segment of the industry have BPT technology 

The flow going to the treatment system at different plants 
varies and is dependent on the method of disposal of the spent 
ore and coke (pit solids) and on the finishing operation. The 
spent ore and coke are either hauled to a landfill as solid 
residue or sent to the treatment system. For the purpose of the 
model plant treatment system, the solid residues from the 
manufacturing process are assumed to be slurried with water 
and sent to the treatment system. Plants f559 and ¥.199 do, in 
fact, send the solid residues to the treatment system. The 
model plant treatment system is based on an inflow rate of 100 
m3/kkg of Ti02 which is an average value of the effluent flow of 
Plants #559 and f.l99. The treated effluent flow is assumed to 
be the same as the influent flow. The water added or 
removed in the treatment system through chemical addition, 
precipitation, and evaporation have been neglected, as it 
varies from plant to plant and is dependent on the selection 
of treatment chemicals as well as climatic conditions and is 
insignificant in comparison to the total flow. 

Selection of Pollutants to be Regulated 

The selection of pollutants for which regulations are 
being proposed was based on an evaluation of the waste data 
from the screening and verification sampling program. The 
two major factors considered were the individual plant raw 
waste concentrations and the total subcategory pollutant 
loadings. 
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Daily Data ( l) 

No. of Points 

Average x, ppn 

Standard 
Deviation, S 

Standard 
Deviation, S' 

Variability 
Factor 

30-day(l) 
Averages 

No. of Points 

Standard 
Deviation 

Variability 
Factor 

Variability (2) 
Factor Ratio 

VFR 

TABLE 14-12. HISTORICAL ~ MJNITqRING 
DA.TA Sill~IJARY WITH VARJABTI.ITY FACTOR 

TSS 

889 

21 

65.93 

1.54 

11.0 

30 

21.84 

3.04 

3.6 

Daily Measurements 

Subcategory: Titanium Dioxide 

Chloride Process (Rutile Ore) 

Plant #559 

April 76 through September 78 

Pollutant 

cadmium Chranium Iron Lead Nickel 

109 128 854 128 128 

0.058 0.072 0.620 0.068 0.08 

0.044 0.054 3.46 0.041 0.07 

0.68 0.67 1. 86 0.56 0. 76 

3.85 3.81 13.5 3.2 4.4 

26 30 28 30 30 

0.042 0.038 0.94 0.04 0.05 

2.4 2.04 4.0 2.1 4.4 

1.6 1.9 3.4 1.5 1 

Zinc 

128 

0.151 

0.20 

1.02 

6.4 

30 

0.155 

3.1 

2.1 

( 1) Section 8. 2 presents a discussion of the approach and methodology employed 
in the ~tatistical evaluation of data. 

(2) VFR is the ratio of the variability factor for daily measurements to the 
variability factor for 30-day averages. 
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TABLE 14-13. HISIDRICAL EFFLUENI' MONriORING DATA SUMMARY WITH VARIABTI.ITY 
FACI'ORS 

DAU.Y MFASIJREMENTS 

St'.J!CATEXDRY: TITANllN DIOXIDE-chloride Process 
(Rutile/Up:p:aded Ilmenite Ore) 

Plant #172 

Pollutant 

TSS Chranium Copper Zinc 

nail :l nata< l) 

No. of Points 454 454 454 454 

Average x, ppn 5.39 0.008 0.02 0.02 

standard deviation, s 9.13 0.016 0.03 0.0~7 

Sta.rrlard deviation, s• 1.16 1.27 1.08 1.02 

Variability factor 7.6 8.6 6.9 6.4 

30-Da.:t:Averages 
(1) 

No. of Points 15 15 15 15 

Standard deviation, s 6.31 0.012 0.028 0.026 

Variability factor 2.92 3.46 3.29 3.13 

Variabilit:t: Factor Ratio (2) 

VFR 2.6 2.5 2.1 2.1 

(1) Section 8.2 presents a discussion of the approach and rrethodology employed 
in the statistical evaluation of data. 

(2) VFR is the ratio of the variability factor for daily measurements to the 
variability factor for 30-day averages. 
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TABLE 14-14. TRFA'IMENT PERFORMANCE DATA OF SAMPLED PLANTS #559 AND #172 

SUBCATEGORY: TITANIUM DIOXIDE-chloride Process 

Plant #559 Plant #172 

Pollutant Percent Pollutant Percent Concentration Rem::>val COncentration Removal (mg/1) (mg/1) 

A B e={A:~oo D E F=(!2~?-oo 
Pollutant Raw Treated Raw Treated 

waste Effluent waste Effluent 
--

TSS 1103 23 97.9 171 6.7 - 96.1 

Iron 288 4.4 98.5 2.9 0.33 88.6 

Chromium 13.3 0.03 99.8 0.72 0.02 97.2 

Lead 0.5 0.002 99.6 0.005 0.002 60' 

Nickel 0.5 0.005 99.0 0.08 0.01 87.5 

Zinc 0.3 0.06 80.0 0.3 ,0.09 10.0 
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Raw waste concentration - Plant ¥559 was visited in the 
screening phase for sampling of the raw and treated waste 
water. For each pollutant, the maximum concentration observed 
gave a preliminary indication of its pollution potential. 
Five pollutants were found above treatability levels in the raw 
waste of Plant ¥.559 and they were: chrom~um, iron, nickel, 
lead, and zinc (Section 14.3.3). A second plant, ¥.172, was 
sampled in the verification phase and chromium was the only 
pollutant found above treatability levels in the raw waste. At 
Plant {559, the waste water from the chloride process is mixed 
with the sulfate process waste water and the chloride process 
effluents were sampled at the point of mixing. It is highly 
probable that the sampled waste included the sulfate process 
effluent impurities. The sulfate process for the manufacture of 
Ti02 uses an ore of lesser purity. For this reason the nickel, 
lead, and zinc found are attributed to the sulfate process and 
are not further considered in this segment. The nonconventional 
and toxic pollutants of concern include chromium and iron. 
Iron, a nonconventional pollutant is significant because it is 
present as a major impurity in the rutile or upgraded ilmenite 
ore and was found at treatable levels in the Plant f. 559 raw 
waste. 

Total subcategory raw waste pollutant loading - Chromium 
was the only toxic pollutant found in significant concentrations 
in the raw waste of both plants sampled in the screening and 
verification phase. The average unit raw waste chromium loading 
(Table 14-7) obtained from the plants sampled was multiplied by 
the total Ti02 subcategory production by the chloride process to 
evaluate the overall magnitude of the pollutant potential for 
the subcategory. The value of 241,000 kg/year of chromium 
discharged by the subcategory in the effluent indicated the 
necessity of control of this pollutant. 

The treatment technology practiced by the industry removes 
the chromium and iron to low levels as seen from the effluent 
quality of the plants sampled and shown in Table 14-14. 

Basis of Pol1utant Limitations 

Conventional and nonconconventional parameters -

A. pH: The treated effluent is to be controlled within 
the range of 6.0 to 9.0. This limitation is based on the data 
presented in Appendix B of this report and the JRB Study (52). 

B. TSS: Long-term effluent data is available for TSS for 
Plants #559 and ¥172. At Plant #172, the solid residues from 
the manufacturing process are sent to a landfill. Although the 
amount of solids sent to the treatment system at Plant ¥559 is 
high compared with that selected for the model plant (because of 
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intermixing of sulfate waste) , the long-term average 
concentration of 21 mg/1 (Table 14-12) calculated from the 
moni tared data submitted by Plant ~ 559 is selected as the 
treatment performance basis for the subcategory. The daily and 
the 30-day average variability factors (11 and 3.04) derived 
from the long-term data of Plant f559 and given in Table 14-12 
are used to calculate the concentration basis. The proposed 
unit effluent limitations are calculated using the model plant 
unit flow of 100 m3/kkg. The calculations are given below: 

Proposed 30-day average concentration 

= (21 mg/1) (3.04) = 64 mg/1 

Proposed 24-hour maximum concentration 

= (21 mg/1) (11) = 230 mg/1 

Proposed 30-day average effluent limit 

= (64 mg/1) (100 m3/kkg)(_ kg/m3 ) 
\1000 mg/1 

= 6. 4 kg of TSS 
kkg of Ti02 

Proposed 24-hour maximum effluent limit 

= 

= 

(230 mg/1) (100 m3/kkg) ( kg/m3 ) 
1000 mg/1 

23 kg of TSS 
kkg of Ti02 

c. Iron: The subcategory performance standard of 0.62 
mg/1 selected for iron is based on the long-term average of the 
effluent data submitted by Plant f559 (Table 14-12). 

For the model plant, it is assumed that iron is present in 
the ferric state in the raw waste from the chlorination process. 
Using the daily variability factor of 4.0 and the 30-day average 
variability factor of 13.5 estimated from the long-term 
monitored effluent data of Plant f.559 for iron (Table 14-12), 
and the model plant unit flow of 100 m3/kkg, the proposed 
concentration basis and effluent limitations are determined as 
shown below. 

Proposed 30-day average concentration basis is:. 

(0.62 mg/1) (4.0) = 2.5 mg/1 
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Proposed 24-hour maximum concentration basis is: 

(0.62 mg/1) (13.5) = 8.4 mg/1 

Proposed 30-day average effluent limit is: 

(2.5 mg/1) (100 m3/kkg)( m3/kkg ) 
1000 mg/1 

= 0.25 kg of iron 
kkg of Ti02 

The proposed daily maximum effluent limit 

(8 .4 mg/1) (100 m3/kkg) ( m3/kkg J = 
1000 mg/1 

is: 

0.84 kg of iron 
kkg of Ti02 

The proposed maximum 30-day average concentration of 2.5 
mg/1 is higher than the achievable effluent concentration of 1.6 
mg/1 reported in the literature (10). The latter concentration 
is based on the performance of lime neutralization followed by 
settling of acid mine drainage waste, and may not be appropriate 
for this subcategory. 

Toxic pollutants Chromium is the only regulated toxic 
pollutant because of its presence in the raw waste of the plants 
surveyed at treatability levels. 

A. Chromium: The proposed chromium limitations are hased 
on the long-term data of the treated effluent of Plant ¥. 559. 
The influent to the treatment system at Plant #559 contains 
significant amounts of chromium because of the intermixing of 
sulfate process waste. The long-term average of 0. 07 mg/1 
derived from the monitored data of the treated effluent of 
Plant f 559 (Table 14-12) is taken as the proposed subcategory 
performance concentration. The daily variability factor of 2.0 
and 30-day variability factor of 3.8 estimated from the long
term data of Plant #559 (Table 14-12) and the model plant 
effluent flow of 100 m3/kkg of Ti02 are used to derive the 
proposed concentration basis and effluent limitations. The 
calculations are shown below. 

The proposed 30-oay average concentration basis is: 

(0.07 mg/1) (2.0) = 0.14 mg/1 

The proposed daily maximum concentration basis is: 

(0.07 mg/1) (3.8) = 0.27 mg/1 
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The proposed 30-day average effluent limit is: 

(0.14 mg/1} (100 m3/kkg} ( kg/m3 ) 
1000 mg/1 

= 0.014 kg of chromium 
kkg of Ti02 

The proposed daily maximum effluent limit is: 

(0.27 mg/1} (100 m3/kkg)( kg/m3 ) = 
1000 mg/1 

0.027 kg of chromium 
kkg of Ti02 

B. Other metals: Lead, nickel, and zinc were found in the 
raw waste of Plant #559 in the treatability range. They were 
not found in the raw waste of Plant ~172. Plant f559 intermixes 
the chloride and sulfate process waste before treatment. The 
presence of these pollutants in the raw waste at Plant ¥,559 
might result from the sulfate process waste. The limitations 
for the three pollutants are given and are intended to serve as 
guidelines in cases where t;he pollutants are found to be of 
serious concern. 

The selected 30-day concentration basis for lead, nickel, 
and zinc are based on the lower treatability limits achieved by 
the lime precipitation and settling of metal contaminated waste 
(Table 8-11) and the values are: 

Lead = 0.3 mg/1 
Nickel = 0.2 mg/1 
Zinc = 0.5 mg/1 

The variability factor ratio of 1.9 for chromium estimated 
from the long-term data of Plant #559 (Table 14-12} is used to 
obtain the daily maximum proposed limits for lead, nickel, and 
zinc. This variability factor ratio was used because 
precipitation of chromium is similar in performance to 
precip~tation of other metals. Calculations are as follows: 

is: 

is: 

is: 

The proposed 24-hour maximum concentration basis for lead 

(0.30 mg/1) (1.9) = 0.60 mg/1 

~he proposed 24-hour maximum concentration basis for nickel 

(0.20 mg/1) (1.9) = b.40 mg/1 

The proposed 24-hour maximum concentration basis for zinc 

(0.50 mg/1} (1.9) = 1.0 mg/1 
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The proposed limitations for BPT are given in Table 14-15. 

14.7.3 Basis for Proposed BCT Effluent Limitations 

The BCT limitation (applicable only to TSS) was set equal 
to BPT because BA~ is equal to BPT. 

14.7.4 Basis for Proposed BAT Effluent Limitations 

The Application of Advanced Level Treatment 

The advanced level technologies, viz., the use of sulfide 
and xanthate as a polishing step to the base level treatment 
system (BPT), were considered for BAT and NSPS but were rejected 
on the basis of cost (Level 3 Table 14-11). Level 1, used for 
BPT, is selected for BAT treatment technology. 

Technology Basis 

Alkaline precipitation followed by settling used for BPT 
(Level 1) is proposed for BAT. 

Flow Basis 

A unit waste water flow rate of 100 m3/kkg of Ti02 used for 
the BPT model plants has been selected for BAT. 

Selection of Pollutants to be Regulated 

Chromium and iron are the two pollutants identified for 
regulation. 

Nonconventional pollutants -

The proposed iron limitations are the same as those 
selected for BPT. 

Toxic pollutants -

A. Chromium: 
selected for BPT. 

The limitations proposed for BAT are 

B. · Other metals: Concentration limits for lead, nickel, 
and zinc are not proposed as limitations. However, they are 
contained in this document for use if these pollutants are found 
to be of concern. The values are the same as those selected for 
BPT. 

Table 14-16 gives the proposed limitations for BAT. 
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TABLE 14-lS._ PROFOSED LIMITATIONS 
TrrANitM DIOXIDE -CHLORIDE PROCESS (RUTILE OR li'PGRADED lli~ITE ORE) 

Best Practicable Control TeclmologylCUrrently Available 
Wiste Water Flow: 100 m3/kkg of Tio

2 

Concentration Effluent Limit 

SUbcategory Basis (mg/1) (kg/kkg of Ti02) 

Pollutant: Perfo:r.mance VFR(l) 
~1ax Max (mg/1) 30-day 24-hr 30-day 24-hr 

Avg :Max Avg :Max 

Conventional and 
Non Conventional 
Pollutants: 

Total suspended Solids 21 
(2) 

3.6 64 230 6.4 23 

Iron 0.62(2) 3.4 2.5 8.4 0.25 0.84 

Toxic Pollutants: 

Chromium 0.070( 2) 1.9 0.14 0.27 0.014 0.027 

Lead 0.30 (3) 1.9 0.30 0.60 
(4) (4) 

Nickel 0.20 (3) 1.9 0.20 0.40 
(4) (4) 

Zinc o.:n (3) 1.9 0.50 1.0 
(4) (4) 

(1) VFR: Ratio of the 24-hour variability factor to the 30-day variability 
factor. 

(2) Long tenn average based on loading data and variability factors of plant 
#559 selected from Table 14-11. 

(3) The lower limit of the literature treatability estimate (Table 8-11) -is 
used as the basis of or the 30-day average limitation. 

(4) No effluent limitation prop::>sed. 
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TABLE 14-16. PROPOSED LIMITATIONS 
TITANIUM DIOXIDE - CHIDRIDE PROCESS (RuriLE/lJPGRADED IlMENITE ORE) 

Best Available Technology 
waste W:lter Flow: 100 m3/kkg of Ti02 

Concentration Effluent Limit 

Pollutant Subcategory {l) 
VFR {2) 

Basis (rng/1) (kg/kkg of TiO 
2

) 
Perfonnance 

30-day 24-hour 30-day 24-hour 

Avg L'-1ax Avg Ma,x 

Nonconventional 
Pollutants: 

Iron<4> 0.62 3.4 2.5 8.4 0.25 0.84 

Toxic 
POIIutants: 

Chranium {5) 0.070 1.9 0.14 0.27 0.014 0.027 

Lead 0.30 1.9 0.30 0.60 
(3) (3) 

Nickel 0.20 1.9 0.20 0.40 
(3) (3) 

Zinc 0.50 1.9 0.50 1.0 
{3) (3) 

(1) See Table 14-14 for details. 

(2) VFR: Ratio of the 24-hour variability factor to the 30-day variability 
factor. 

(3) No effluent limitation proposed. 

( 4) Limitations are applicable for PSES. 
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14.7.5 Basis for Proposed New Source Performance Standards 

Application of Advanced Level Treatment 

The concentration of conventional, nonconventional, and 
toxic pollutants can be reduced by filtering the clarified 
effluent from BPT in a dual media filter. 

Technology Basis 

For new plants, the recommended waste water treatment 
technology is lime neutralization and precipitation, settling, 
and dual media filtration (equivalent to Level 2). All the 
existing chloride process plants using rutile/upgraded ilmenite 
ore currently practice lime neutralization and settling, but 
only published treatability data is available on the performance 
of dual media filters. 

Flow Basis 

The raw effluent flow rate is the same as that used for 
BAT, namely 100 m3/kkg of , T i02. It is assumed that the 
unreacted ore and coke are slurried with water and sent to the 
treatment system. The selected flow value is an average of the 
unit effluent flow rate of two plants (f,559 and ¥199) practicing 
this method of solids disposal. 

Selection of Pollutants to be Regulated 

It is proposed that the pollutants regulated for BPT are 
also regulated for NSPS. The pollutant parameters of concern 
are pH, TSS, iron, and chromium. Concentration limits are 
provided for lead, nickel, and zinc in cases where these 
pollutants become of concern. 

Conventional parameters -

A. pH: For NSPS, the BPT limitation is retained. Control 
of the final effluent within the ranqe of pH 6.0 to 9.0 is 
required on the basis of data presented in Appendix B of this 
report and the JRB Study (52). 

B. TSS: There are no in-plant performance data available 
on the filtration of treated and clarified NSPS waste w,ater, so 
a 30 percent additional removal is assumed. This assumption is 
based on treatability studies (41) using filtration. This· 
reduction is applied to the selected BAT (or BPT) maximum 30-day 
average of 64 mg/1. The proposed maximum 30-day average 
concentration basis is then given by: 64 mg/1 (1.00 - 0.30) = 45 
mg/1. Likewise, the proposed 24-hour maximum concentrations 
and unit effluent limitations are obtained from the BAT 
limitations (Table 14-15) as shown below. 
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The proposed 24-hour maximum concentration is: 

(230 mg/1) (0.70) = 160 mg/1 

The proposed 30-day average effluent limit is: 

(6.4 kg/kkg) (0.70) = 4.5 kg of TSS 
kkg of Ti02 

The proposed 24-hour maximum effluent limit is: 

(23 kg/kkg) (0. 70) = 16 kg of TSS 
kkg of Ti02 

Nonconventional pollutants -

A. Iron: No in-plant performance data is available on the 
effect of dual media filtration on the removal of iron from the 
lime treated and clarified waste water. The removal efficiency 
of 30 percent obtained for TSS from the treatability studies 
(41) is assumed also to apply to iron, since the iron is present 
as a floc. The proposed concentration basis and effluent 
limitation for NSPS are obtained by multiplying the selected BAT 
(or BPT) limitations (Table 14-15) by 0.70 as follows: 

The proposed 30-day average concentration basis is: 

(2.5 mg/1) (0.70) = 1.8 mg/1 

The proposed 24-hour maximum concentration basis is: 

(8.4 mg/1) (0.70) = 5.9 mg/1 

The proposed 30-day average effluent limit is: 

(0.25 kg/kkg)(0.70) = 0.18 kg of iron 
kkg of Ti02 

The proposed 24-hour maximum effluent limit is: 

(0.84 kg/kkg) (0.70) = 0.59 kg of iron 
kkg of Ti02 

Toxic pollutants -

A. Chromium: For NSPS, the Agency is proposing more 
stringent controls on the discharge of chromium. There is no 
directly applicable data on filter performance in the T i02 
(chloride process) industry. Therefore, the proposed 
limitations are based on literature treatability studies 
(40,41). In pilot scale treatability tests, raw municipal waste 
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water samples were spiked with toxic metals, treated with lime 
and settled. This was followed by dual media filtration of the 
clarified effluent. For chromium, an additional removal of 60 
percent was obtained by filtration. This reduction factor is 
assumed to be applicable. The proposed limitations for NSPS are 
obtained by multiplying the respective BAT (or BPT) limitations 
(Table 14-16) by 0. 40 as follows: 

The proposed maximum 30-day concentr~tion basis is: 

(0.14 mg/1) (0.40) = 0.060 mg/1 

The proposed daily maximum concentration basis is: 

(0.30 mg/1) (0.40) = 0.10 mg/1 

The proposed 30-day average effluent limit is: 

(0.014 kg/kkg) (0.40) = 0.0060 kg of chromium 
kkg of Ti02 

The proposed maximum daily effluent limit is: 

(0.030 kg/kkg) (0.40) = 0.010 kg of chromium 
kkg of Ti02 

B. Other metals: Treatability studies have indicated 
that the following increased removals of lead, nickel, and zinc 
can be achieved by filtration (40,41). 

Lead 
Nickel 
Zinc 

Additional Removal by 
Filtration Using Settled Effluent 

(%) 

60 
14 

6 

The additional levels of removal are applied to the 
corre~ponding BAT (or BPT) concentration for the above metals to 
get the NSPS concentrations. 

The proposed 30-day average lead concentration basis is: 

(0.30 mg/1) (0.40) = 0.12 mg/1 

The proposed 24-hour lead concentration basis is: 

(0 .• 60 mg/1) (0.40) = 0.24 mg/1 
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The proposed 30-day average nickel concentration basis is: 

(0.20 mg/1) (0.86) = 0.17 mg/1 

The proposed 24-hour maximum concentration basis for nickel 
is: 

(0.40 mg/1) (0.86) = 0.34 mg/1 

The proposed 30-day average concentration basis for zinc 
is: 

(0.50 mg/1) (0.94) = 0.47 mg/1 

The proposed 24-hour maximum concentration basis for zinc 
is: 

(1.0 mg/1) (0.94) = 0.94 mg/1 

The proposed conventional, nonconventional, and toxic pollutant 
limitations for NSPS are given in Table 14-17. 

14.7.6 Basis for Pretreatment Standards 

Existing Sources 

For Pretreatment Standards for Existing Sources (PSES), the 
Agency is proposing limitations based on BAT. The 
pollutants to be limited are iron and chromium (see Table 14-
15). 

New Sources 

For Pretreatment Standards for New Sources (PSNS) , the 
Agency is proposing limitations based on NSPS. The pollutants 
to be regulated are iron and chromium (see Table 14-17). 
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Pollutant 

Conventional and 
Nonconventional. 

Pollutants : 

Total Suspended 
Solids 

Iron (2) 

TOxic Pollutants: 

Chr . (2) a:ru.urn 

Lead 

Nickel 

Zinc 

TABLE 14-17. PROroSED LDUTATIONS 
TITANIUM DIOXIDE - CHIDRIDE PROCESS 

New Source Performance Standards 
waste Water Flow: 100 m3/kkg of T.io 2 

Treatability VFR(l) 

15 3.6 

0.40 3.4 

0.030 1.9 

0.060 1.9 

0.17 1.9 

0.47 1.9 

Concentration 
Basis, (mg/1) 

3~y 24-hour 
Avg Max 

45 160 

1.8 5.9 

0.060 0.12 

0.12 0.24 

0.17 0.34 

0.47 0.94 

Effluent IJmit 
(kg/kkg of Tjo

2
> 

Max 
30-day 24-hour 

Avg r-Bx 

4.5 16 

0.18 0.59 

0.0060 0.012 

(3) (3) 

(3) (3) 

(3) (3) 

(1) VFR: Ratio-of 24-hour variability factor to· the 30-day variabili.ty 
factor. 

(2) Also applicable for PSNS lllnitations. 

(3) No effluent lllnitations proposed. 
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14.8 TITANIUM DIOXIDE - SULFATE PROCESS 
INDUSTRY PROFILE 

14.8.1 General Description 

The industrial profile for the Sulfate Process Segment of 
the Titanium Dioxide Subcategory is presented in Table 14-18 and 
the status of regulations is shown in Table 14-2. 

14.8.2 General Process Description and !!! Materials 

Sulfate Process - General Description 

Among the various titanium ores, ilmenite is available in 
abundance. Ilmenite is a low-grade titanium ore with a Ti02 
content varying from 45 to 60 percent. Ilmenite ore and slag 
from iron production generally comprise the raw materials used 
for the preparation of titanium dioxide by the sulfate process. 
Large amounts of water and sulfuric acid are used in this 
process, and the majority of the plants are co-located with 
sulfuric acid plants. Table 14-19 gives the analysis of various 
ilmenite ores. The preparation of Ti02 by the sulfate process 
utilizes three important steps: 

1. Digestion: Fe0.Ti02 + 2H2S04 = FeS04 + Ti0.S04 
+ 2H20 

2. Precipitation: TiO.S04 + 2H20 = Ti02.H20 + H2S04 

3. Calcination: Ti02.H20 = Ti02 + H20 

The ore is dried, ground, and then reacted with sulfuric 
acid. The reaction takes place at 160 degrees c and the reacted 
mixture consists of titanyl, ferrous, and ferric sulfates. The 
product is dissolved in water. The total iron in the reacted 
product is kept in the ferrous state by the addition of scrap 
iron. After the reduction, the product is dissolved in water 
and clarified with the aid of flocculating agents to remove 
insoluble impurities such as silicon, zirconium, and unreacted 
ore. The iron is removed from the clear solution by cooling the 
solution to 10 degrees ·C when FeS04. 7H20 crystallizes. The 
ferrous sulfa~e crystals, commercial copperas, are mechanically 
separated from the solution by filtration or centrifugation. 
The concentrated titanyl sulfate solution is diluted with water 
and heated to form titanium dioxide hydrate, which is known as 
strong acid, is separated and either discharged or recycled. 
The Ti02.H20 filter residue is slurried with water and 
conditioning agents are added to control particle size, color, 
dispersibility, and photochemical stability. The conditioning 
agents include potassium, zinc, antimony, and calcium compounds, 

·and phosphate salts. The solution is filtered and the filtrate 
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TABLE 14-18. - SUBCATEGORY PROFILE DATA SUMMARY 

SUBCATEGORY TITANIUM DIOXIDE 

Total subcategory capacity rate 

Total subcateogry production rate 

N"l.l!IDer of plants :in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Represent:ing •:Capacity 

Represent:ing production 

Plant production range: 

Minimum 

Maximum 

Average production 

Median production 

Average capacity utilization 

Plant age range: 

Minimum 

Maximum 

Waste water flow range: 

Minimum 

Maximum 

Vol'l.ll're per unit product 

Minimum 

Maximum 

SULFATE PROCESS 

401,000 kkg/year 

259,000 kkg/year 

4 

5 

320,000 kkg/year 

246,000 kkg/year 

80 percent 

95 percent 

31,000 kkg/year 

7 4, 500 kkg/year 

49,000 kkg/year 

43,000 kkg/year 

76 percent 

23 years 

54 years 

35,000 cubic meters/day 

125,000 cubic meters/day 

300 cubic ~ters/kkg 

780 cubic meters/kkg 

Sources of data are Stanford Research Institute, Directory of Chanical 
Producers, U.S .A. , 1977, U.S. Department of Corrmerce, Current Industrial 
Reports, Decerrber 1977; Energy and Environmental Analysis, Inc.; Draft 
Report, "Preliminary Economic Assessment of Effluent Limitations in the 
Inorganic Chemical Industry," June, 1978 and "Economic Analysis of Proposed Revised 
Effluent Guidelines and Standards for the Inorganic Chemicals Industry " 
Mardh, 1980. ' 
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T1\BLE 14-19. ANALYSIS OF ILMENITE ORESl 

UNITED Sl'ATES CAN1IIlA 
Virginia 

Chemical Piney 
Constituent River PDseland New York Florida califomia Ivry Bourget Allard 

Tio2 44.3 51.4 44.4 64.1 48.2 42.5 22.4 37.3 

FeO 35.9 37.9 36.7 4.7 39.1 39.1 36.9 26.3 
.1::> Fe2o3 13.8 1.6 4.4 25.6 10.4 20.7 31.2 30.0 1-' 
0 

Si~ 2.0 4.6 3.2 0.3 1.4 0.88 1.0 NA 

Al203 1.21 0.55 0.19 1.5 0.2 1.05 6.01 NA 

P205 1.01 0.17 0.07 0.21 NA NA 0.93 0.004 

Zr02 0.55 NA 0.006 NA 0.05 NA NA NA 

MgO 0.07 2.35 0.80 O.l35 0.6 2.0 1.50 NA 

lobO 0.52 0.70 0.35 1.35 0.1 0.04 NA 0.10 

cao 0.15 0.59 1.0 0.13 0.1 0.1 0.55 NA 

V205 0.16 0.07 0.24 0.13 0.05 0.36 NA 0.39 

Cr203 0.27 NA 0.001 0.1 0.03 0.15 NA NA 

1eonstituents expressed as weight percent. 

NA: Not Available 



is known as weak acid. Residual acids and iron originally 
present in the precipitate are removed with the water of 
hydration by calcination. The resulting Ti02 pigment is sent to 
finishing operations, which vary according to the end product 
requirement and application. The wet finishing operations may 
include some, or all, of the following steps: repulping, 
milling, surface treatment with proprietary agents in solution, 
washing, and drying. The alternative dry finishing operations 
may include one or more milling steps followed by packaging. A 
simplified block diagram of the sulfate process is shown in 
Figure 14-9. 

14. 9 WATER USE AND WASTE SOURCE CHARACTERISTICS 

14.9.1 Water Use 

Water is used in the preparation of titanium dioxide by the 
sulfate process for noncontact cooling, air emission control, 
and for process reactions. In the process, water is used to 
leach the soluble sulfate salts from the reaction mass and to 
convert the titanyl sulfate to titanium dioxide hydrate. Water 
is also used to wash the titanium dioxide hydrate precipitate 
free from residual acid and iron. Water is used for air 
emission control during the drying of ore, on digester units, 
and for the cleaning of the kiln gases before they are vented to 
the atmosphere. In the digester unit, water seals are used to 
maintain a vacuum on the digester units. Large amounts of water 
are also used in the finishing operations. Table 14-20 is a 
summary of water usage in the titanium dioxide subcategory using 
the sulfate process. 

14.9.2 Waste Sources 

Digester Sludge 

After the digestion of the ore in sulfuric acid, the 
result-ing sulfates are dissolved in water and the insoluble 
impurities are removed in a clarifier or filter. These include 
silica, alumina, sulfuric ac.id, and unreacted iron. The quality 
of this waste varies and depends on the type and quality of ore 
used. Data on the quantity of this waste indicates that 
approximately 210 kg/kkg is produced. 

Copperas 
\ 

The recovered ferrous sulfate is marketed or disposed of as 
a solid waste. The amount of copperas generated is about 950 
kg/kkg of Ti02. The copperas generally contain small amounts of 
adsorbed ·sulfuric acid. 
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TABLE 14-20. WATER USAGE IN TrrANIUM DIOXIDE - SULFATE PROCESS SUBCATEGORY 

Uses 

Noncontact cooling 

Direct process contact 

Indirect process contact 
(purrq;>s, seals, leaks, 
spills, etc. ) 

Maintenance, equiptent 
cleaning and work area 
wash down 

Air pollution control 

Nonoontact ancillary 
uses (boilers, utilities, 
etc.) 

NA: Not Available 

Water Usage per Unit of Production 
, ( m3 /k.kg of Tio2) 

Plant #555 

47.8 

390 

6 

3 

258 

36 

413 

Plant #694 

408 

588 

1.6 

1.8 

78 

33 

Plant #696 

149 

297 

4 

4 

81 

NA. 



Strong Acid Waste 

When water is added to titanyl sulfate solution after the 
removal of copperas, sulfuric acid and the hydrate of titanium 
dixoide are formed. The acid contained in solution is removed 
by filtration and the filtrate is known as strong acid solution. 
The concentration of sulfuric acid varies from 15 to 30 percent 
as H2S04. In addition to sulfuric acid, the waste stream 
contains ferrous sulfate, titania, antimony, and other heavy 
metal salts. A part of the acid is returned to the process and 
the rest sent to the treatment facility. 

Weak Acid Waste Stream 

The waste generated from washing the titanium dioxide 
hydrate precipitate is known as weak acid. The concentration of 
sulfuric acid in this waste varies from two to four percent as 
H2S04 and contains various impurities, including iron sulfate, 
titania, antimony, and other heavy metal salts. It also 
includes, in some cases, the conditioning agents added to the 
precipitate prior to washing, to control and improve the quality 
of the final product. The weak acid may also include the kiln 
exhaust scrubber waste. 

Scrubber Wastes 

Scrubber waste water results from the scrubbing of vapors 
emitted during the drying of the ore, during digestion, and 
during kiln drying. The amount of waste water generated depends 
on the amount of water used and type of emission controls 
practiced. The scrubber water contains titanium dioxide 
particulate, acid mist, sulfur trioxide and sulfur dioxide. Of 
all the waste produced from titanium dioxide-sulfate process 
manufacture subcategory, the scrubber waste water constitutes 
the major portion. 

Wet Milling Waste 

These wastes are generated during wet finishing of the 
titanium dioxide pigment. Wet milling is used to produce 
pigment particles of the desired size and surface character and 
requires steam and water for repulping the pigment. Caustic 
soda is also used to remove any residual acidity from the 
titanium dioxide pigment during the finishing operation. The 
waste water from wet finishing operation, therefore, contains 
titania, sodium sulfate, and other agents added to improve or 
achieve desired properties in the final product. 
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14.10 DESCRIPTION OF PLANTS 

14.10.1 Screening 

Plant #555 was visited and its waste streams sampled in the 
screening phase by an EPA Region II team. Tfie pigment 
manufacturing operation utilizes a titania slag for the 
production of Ti02 by the sulfate process. After digestion of 
the slag in sulfuric acid the residual gangue material is 
filtered out and the clear liquor is concentrated by 
evaporation. The crude pigment is formed by hydrolysis with 
water and steam and processed to form both anatase and rutile 
type pigment products. Table 14-21 presents raw waste flows and 
pollutant characteristics for Plant #555. 

Waste water samples were collected at five points and 
analyzed for the conventional, nonconventional, and toxic 
pollutants. These sampling points were designated as 1) the 
digestion suppression flume containing waste water from direct 
contact air scrubbers on the digesters, 2) the black end flume 
containing wastes from major cuttings, filter sludges, acid 
filtrates, and evaporator and condenser waters, 3) the white end 
flume carrying finishing process filtrates, noncontact cooling 
water, and sanitary wastes, 4) northside jet air scrubbers, and 
5) southside jet air scrubbers. 

At present , all of the process waste streams are collected 
in a settling basin which is open to tidal fluctuations that 
provide diurnal flushing of the effluent into the receiving 
waters. 

14.10.2 Verification 

Plant :J1559 was surveyed in both the screening phase and 
verification phase of the study. At this plant the strong acid 
is sent to a lined holding pond for equalization. Effluent from 
the pond is neutralized with ground calcium carbonate limestone 
in a reactor. A minimum amount is added to raise the pH to a 
level such that calcium sulfate, but not ferrous hydroxide, is 
precipitated. The C02 formed during the reaction is vented to 
the atmosphere and the , calcium sulfate slurry goes to a 
clarifier. The underflow from the clarifier is filtered to 
produce pure gypsum crystals at a concentration of 70 to 80 
percent. 

The weak acid is sept to a settling, pond, where it is 
combined with a small quantity of other wastes. The effluent 
from the weak acid pond is mixed with the calcium sulfate 
clarifier overflow and neutralized with ground calcium carbonate 
in a three-stage reactor. Pebble and slaked lime are also added 
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TABLE 14-21. RAW WASTE CHA:RACI'ERISTICS (INDUSTRY DATA) (1) FOR PLANT #555 
(PRODUcriON OF Ti02 BY SULFATE PROCESS) 

Waste Source Unit 
Flow 

(m3/kkg 
of Ti02) 

Digestion ll5 

Clarification 3.58 

Evaporation 113 

Cooling 20 

Strong Acid fran 8.49 
first MOore Filtration 

Weak Acid from 12.2 
first MOore Filtration 

Weak Acid from 10.4 
second .M:lOre Filtration 

Weak Acid from 
first stage 
Calcination 

Weak Acid fran 
second stage 
Calcination 

CalcinatiOn Mist 
Elim:ina.tors 

Wet Milling Washing 
and Drying 

Jet-Mill Condenser 

Jet-Mill Scrubbers 

Boiler and Water 
Plants 

NA: '.Not Available 

* Value in };ii units 

12.0 

40.0 

38.7 

11.1 

27.0 

18.0 

16.6 

pH* 

3.0 

2.5 

4.0 

6.1 
< 0.5 

2.0 

1.7 

2.0 

2.2 

3.0 

8.0 

6.5 

7.4 

9.0 

Pollutant Waste loads, (kg/kkg of Tio2) 

Acidity NH3 Fe TSS TDS 
(as H2so4) (as N) 

20.8 NA 0.042 9.3 35.7 

26.7 NA 8.42 175 40.'8 

18.7 NA 1.14 3.2 20.2 

2.49 NA 0.099 0.46 3.09 

2.360 NA 139 0.959 2.815 

88.3 NA 3.8 0.23 98.8 

148 NA 0.29 Q.l3 151 

20.8 NA 0.22 2.0 7.50 

19.2 NA 0.64 4.92 33.1 

7.50 NA 0.02 0.21 27.9 

NA 8.6 0.01 2.13 11.0 

NA NA 0.01 1.1 2.7 

NA NA 0.13 1.7 3.58 

NA NA 0.66 5.25 8.92 

(1) - Response to 308 Questionnaire, 1976 
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to raise the pH and precipitate more calcium sulfate. Air is 
also introduced to convert the ferrous iron to ferric. The 
effluent from the reactor goes to another clarifier, and the 
clarifier underflow is filtered to concentrate the solids to 70 
percent. The overflow from the second clarifier is mixed with 
the other process waste waters. These include the scrubber, 
finishing, and cooling waste waters. The combined water is 
neutralized with slaked lime before it is sent to a final 
settling pond, the effluent from which is discharged. Figure 
14-10 gives the flow diagram of the treatment process and shows 
the sampling locations for both screening and verification. 
Table 14-22 gives the flow data for the waste streams and 
conventional and nonconventional pollutant emissions. 

14.10.3 Other Plant Descriptions 

At Plant #694, the clarification sludge which contains the 
unreacted ore is sent to waste disposal. The weak acid 
effluent from the plant is neutralized with slaked lime and the 
grit is settled out for landfill disposal. After the separation 
of grit, the aqueous stream is discharged to a municipal 
treatment system. The other wastes, together with runoff from 
the plant site, are collected, and sent to, a lagoon for solids 
removal, and the overflow discharges to a river. 

At Plant :Jf696, the raw wastes are sent to thickeners to 
remove the suspended solids and the overflow is discharged. 
Depending on the titanium content, the underflow from the 
thickeners is either recycled or disposed of in a landfill. 
This plant has discontinued operations. 

At Plant #605, the process raw waste streams are combined 
and sent to a reactor for neutralization with a water slurry of 
finely ground calcium carbonate. The effluent from the reactor 
is hydrocycloned into three fractions. The first fraction, 
which is the coarse gypsum slurry, is separated from the reactor 
effluent at a concentration of 85 to 90 percent, and placed in a 
self-draining dewatering system. The "dry" solids are finally 
trucked- to a landfill. The second fraction separated in/ the 
hydrocyclone is a fine gypsum slurry which is recycled to the 
neutralization reactor. The residual gel slurry forms the third 
fraction, and this is sent to a thickener after C02 degassing. 
A flocculating agent is added to the flow to the thickener to 
promote solids separation and thickening. The underflow from 
the thickener is centrifuged and the solids landfilled. The 
filtrate from the centrifuge is recycled to the thickener, and 
the thickener overflow is discharged. 

The volume and characteristics of waste water streams from 
different sulfate process titanium dioxide plants do not differ 
greatly. Some variations, however, are noted as a result of 
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TABLE 14-22. FlOWS AND POLLUTANT CONCENTRATIONS FOR THE WASTE STREAMS 
SAMPLED FOR PLANT #559 PRODUCING TITANIUM DIOXIDE 

Stream Sampled Unit TSS Iron 
No. (4) Stream Flow Load Load 

Description (m3jkkg) (kg/kkg of Ti02) (kg/kkg of Ti02) 

4 Weak Acid 68.41 ) (2) 1.23 1.23 
Pond OVerflow 

5 Strong Acid 
Pond OVerflow 6.1 205.85 106.34 

{1) (2) 
6 Scrubber and 361.4 113.5 51.68 

Contact Cooling 
Water 

(1) (2) (3) 
7 Final Treat:ment 436 10.0 1.92 

Effluent 

(1) - The flCM is contributed by the sulfate process stream. 

(2) - The pollutant load was calculated by multiplying the flCM contributed 
by the sulfate process stream times the concentration of pollutant. 
Pollutant Load = (total stream flCM) x (fraction contributed by sulfate 
process waste) x stream pollutant concentrated. 

(3) -While calculating the ·unit flow the contributions to the treatment 
process from precipitation, the water in the treatment chemicals, 
losses from evaporation and from solids leaving the process have 
not been considered. 

(4) - See Figure 14-10 for sampling point location 
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differences in ore qualities, in location and in process 
details. The majority of the dissolved pollutants in waste 
water from this segment of the Ti02 industry consist of acidity 
and iron. Segregation of the waste water is important for 
control and treatment practices and aids in developing 
economically feasible treatment systems. Generally, weak and 
strong acid streams are segregated from each other as well as 
from the less contaminated waste waters which include contact 
cooling, scrubbing, and some finishing operation wastes. The 
unit flows for the segregated raw waste streams at different 
facilities are shown in Table 14-23. 

The average total effluent flow rate is 475 m3/kkg (Table 
14-23) for Plants ¥. 555, 4~694, and #559. Complete flow data is 
not available for Plants #696 and #605. 

14.10.4 Toxic Pollutant Concentrations 

Section 5.1.2 of this report describes the scope and 
methodology of the sampling program. In the Sulfate Process 
segment of the Titanium Dioxide Subcategory, 18 different 
sampling points were selected for studying the toxic pollutant 
charac'teristics of the water supplies, the raw process waste 
waters, and the plant effluent at two major manufacturing 
facilities. For the inorganic constituents 575 analytical data 
points were generated and an additional 1,824 data points were 
obtained for the organic toxic pollutants excluding blanks and 
duplicates for quality control. 

The only organic toxic pollutant found during the screening 
program was phenol which was observed at only one of the two 
plants sampled. The maximum raw waste concentration of phenol 
was 0. 020 mg/1, however the raw water source for the plant 
contained as much as 0. 007 mg/1. This is well below the 
treatability level for phenol, therefore, phenol is not 
considered a significant or process related pollutant. 

Daily raw waste loads were calculated from the flow rates 
measured or estimated at the time of sampling and the measured 
pollutant concentrations •. That is, 

Daily loading (as kg of pollutant per day) = (C) (Q) 
1000 

• 
Where the concentration (C) of the pollutant is expressed 
in units of mg/1 (Note: 1 kg/m3 = 1000 mg/1), and the flow 
rate (Q) is expressed in units of m3/day (m3, a cubic 
meter, is equal to 264 u.s. gallons). 

Similarly, the unit loadings were calculated from the 
reported Ti02 productions rate (P), the waste stream flow rate 
(Q), and the measured pollutant concentration (C). 
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TABLE 14-23o PR<XESS WASTE WATER F!J:Jil AT PIJ.\NTS # 555, #694 and #559 
TrrANIUM DIOXIDE (SULFATE PR<XESS) 

Plant FlCM in (m3 /kkg of Tio2) 

A B c D=A+B+C 
Strong acid Weak acid Scrubber and 

contact cooling Total Effluent, 
water 

#555 8.49 78.2' 362 449 

#694 16 67 457 540 

#559 6.10 69 361 436 

Average 10 72 393 475 
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Unit loading (as kg of pollutant 
per day kkg of Ti02) 

= (C) (Q) 
lOOO(P) 

Where C and Q are expressed in the same units described 
above, and the production (P) is expressed in units of 
kkg/day (kkg is 1000 kg, a metric ton, which is equal to 
2205 lb). 

The maximum concentration of toxic pollutants found in the 
raw waste at concentrations above the treatability level in the 
screening and verification program were:· 

Pollutant 

Cadmium 
Chromium 
Copper 
Lead 
Nickel 
Zinc 
Antimony 
Arsenic 
Thallium 
Selenium 

Maximum Concentration Observed (~g/1) 

Screening 
(Plants f555 & f.559) 

340 
124,000 

1,500 
3,700 
6,400 
3,800 

20 
11 
19 

360 

Verification 
(Plant f. 559) 

12 
31,000 
1,000 
5,200 
1,300 

17,000 
1,400 

340 
4). ' .~ 

Below detection limit 

A summary of daily and unit (per unit of production) raw 
waste loads for all plants sampled can be found in Table 14-24. 
Individual plant raw waste loads and concentrations found in 
sampling are given in Table 14-25. 

Based on the total annual production of this industry and 
the average waste load generated per unit product, the estimated 
total toxic pollutant raw waste loads generated each year for 
this subcategory are as follows: 
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TABLE 14-24. SlM!ARY OF R1IW WliS'l'E Ull\DINGS EUUID IN SCREENING liND VERIFICATICN SliMPLING 

SUBCATEOORY Trrl\NTIM DIOXIDE - SULFATE PROCESS 

Pollutant loading Range, Unit IDadi.ng, 
(kg/day) (kg/kkg) No. of 

Min:imtm Maxi.nun Mininun Average Maxinun PlantsCl) 

Toxic 

,j:>. llnt.im:lny 

"" 
5.0 28 .032 0.11 0.22 3 

w 
Arsenic 1.9 4.0 .012 0.19 .032 3 

Cadmium .068 7.2 .00044 0.19 .057 3 

Chranium 140 530 1.1 2.0 3.4 3 

Co}.:tler 8.2 19 .065 .085 .12 3 

lead 3.0 65 .024 .18 .42 3 

Nickel 3.7 23 .029 .080 0.15 3 

selenium 7 9.5 .0020 .031 .060 2 

'lballiun .47 1.2 .0030 .0055 .0080 2 

Zinc 1.8 85 .014 .34 .55 3 

Ccnventional and Nonconventional 

'l'SS 320 1 

Iron, Fe 600 1 

(1) - Data are taken only from trose plants where pollutants were found above detection limits, or, in the 
case of TSS and Iron, where data are available. 



TABlE 14-25. 'roXIC l'OI.ollJl'llNl: AVERAGE RAN W.AS1'E mtiOO M>i> a:JNCml'RATIOOS 

SUBCA'mOORY TlTl\Nirn DIOXIDE - SULFATE PROCFSS 

I 

Screening Verification 

Plant 1555 Plant 1559 Plant 1559 

(rrg/1) (kg/kkg) (rrg/1) (k~g) (rrg/1) (kg/kkg) 

llnt.iloony 0.77 0.22 0.16 0.080 0.074 0.032 

Arsenic 0.11 0.032 0.029 0.014 0.028 0.012 

cacin:i,um 0.29 0.057 0.0020 0.0009 0.0010 0.00044 

Clu:ani.tm 3.8 1.1 7.0 3.4 3.1 1.4 

Copper 0.20 0.065 0.25 0.12 11 0.070 

~ 
Iead 0.075 0.024 0.20 0.10 0.96 0.42 IV 

~ 

Nickel 0.091 0.029 0.31 0.15 0.14 0.061 

Selenitm NA < 0.06 NA NA 0.0050 0.0020 

Thalliun NA NA 0.020 0.0080 0.0070 0.0030 

Zinc 0.088 0.014 1.1 0.55 1.04 0.45 

NA = Not Available 



Pollutant 

Cadmium 
Chromium 
Copper 
Lead 
Nickel 
zinc 
Antimony 
Arsenic 
Selenium 
Thallium 

14.11 POLLUTION ABATEMENT· OPTIONS 

14.11.1 Toxic Pollutants of Concern 

Total Annual Raw 
Waste Load (kg/year) 

5,000 
510,000 

22,000 
47,000 
21,000 
88,000 
29,000 
49,000 

8,000 
1,400 

The toxic pollutants found above treatability levels in 
this industry were evaluated on the basis of the maximum 
concentration observed in the process raw waste waters. These 
values are shown in Section 14.10. 3. Using cadmium as an 
example of a borderline case, its maximum observed concentration 
of 0.34 mg/1 is considered significant because removal 
efficiencies ranging from 70 to 97 percent could possibly be 
achieved on the basis of the lower limits of treatability shown 
in Table 8-11 for lime/settling, lime/filter, and sulfide/filter 
technologies. The BAT utlimately selected as a basis for 
regulations may not b~ as effective as the most advanced 
technology considered at this stage of the evaluation of 
alternatives. 

The sampling data from this industry indicate that the 
toxic pollutants of concern are chromium, zinc, nickel, lead, 
copper, antimony, arsenic, and cadmium in decreasing order of 
the amounts found. Selenium and thallium were detected at 
levels too low to be treated effectively. The relative 
pollutant concentrations and loadings in the raw waste largely 
reflect the amounts of impurities in the ilmenite ore or titania 
slag being processed. The major impurity found in the various 
grades of raw material is ferrous iron as indicated in Table 14-
19. The toxic metal impurities would also be expected to occur 
in a wide range of concentrations in the raw materials. 

The advanced treatment technology options evaluated for 
sulfate process segment of the industry were selected for their 
ability to remove toxic metals of concern with greater 
efficiency than the prevailing (BPT) practice which also removes 
TSS, iron, and sulfate from the waste waters. 
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14.11.2 Process Modifications and Technology Transfer Options 

Specific process modification recommendations are not 
made. However, several areas for further investigation suggest 
themselves. They are: 

1. One of the water borne wastes, the strong sulfuric acid 
produced from the Ti02 sulfate process, has a sulfuric acid 
concentration that varies from 15 to 30 percent as H2S04. 
Currently, only a small portion of it is recycled. Research is 
needed to find cost-effective ways to concentrate the acid to 90 
percent and to eliminate the impurities (especially iron) so 
that it can be reused in the digester. This will eliminate much 
of the alkali requirements for neutralization and relieve 
disposal problems associated with solid waste gypsum. 

2. Economical methods need to be developed for the 
recovery of iron oxide, aluminum, and vanadium from the waste to 
the extent that markets are available for these materials. 

3. If markets coulo be developed for the sale of ferrous 
sulfate (copperas) , solid waste disposal problems would be 
reduced. Currently, a portion is sold and the rest disposed of 
as a solid waste. 

14.11.3 Best Management Practices 

Storm water runoff from the plant site should be collected 
and sent to the treatment facility for the removal of suspended 
solids. 

14.11.4 Prevailing Control and Treatment Practices 

The treatment practices of the plants producing Ti02 by the 
sulfate process is given in Sections 14.10.1 to 14.10.3. 

14.11.5 Advanced Treatment Technologies 

Although sulfide precipitation, the xanthate process, and 
ion-exchange might be applied to the clarified solution obtained 
by alkaline precipitation, oxidation and settling the cost 
incurred are high because of the large quantity of water (more 
than 400 m3/kkg of Ti02) that must be treated. The sulfate 
process is one of two subcategories (the other being Soda Ash 
Solvay Process) in the Inorganic Chemicals Industry studied in 
this report that generates. the largest quanti ties of waste 
effluent. 
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14.12 SELECTION OF APPROPRIATE TECHNOLOGY AND EQUIPMENT 

14.12.1 Technologies for Different Treatment Levels 

Leve1 1 (BPT) 

In the Level 1 treatment the blended strong and weak acid 
streams are neutralized with calcium carbonate. The toxic 
pollutants are precipitated and separated along with gypsum in 
first stage thickeners. Aeration then oxidizes any ferrous iron 
present and removes C02 before mixing with miscellaneous plant 
waste containing minor amounts of heavy metal priority 
pollutants. The combined stream is then given lime treatment of 
pH 9 and settled in polishing lagoons before discharge. This 
three-step system is patterned after existing systems which 
separate the acid streams from miscellaneous wastes in order to 
make possible the recovery of pure and impure gypsum from the 
relatively consistent acid streams. Alkaline precipitation of 
heavy metals, and significant removal of arsenic occur during 
the last two-stages of lime neutralization, and settling of 
precipitated toxic pollutants occurs in the final polishing 
lagoons. Because waste flow rates are unusually high in the 
sulfate process, long-term lagoon settling is more cost 
effective than dual media filtration. The mechanical aeration 
step used for oxidizing ferrous iron may contribute an important 
mechanism for the simultaneous removal of other heavy metals 
present very similar to. the ferrite coprecipitation method 
described in the.T~eatment Technology Assessment section. The 
flow diagram of the treatment system is shown in Figure 14-11. 

Although the Model Plant does not include equipment for 
gypsum recovery, it is based on separation of waste streams, 
making pure or impure gypsum recovery possible by intercepting 
thickener underflow (s). Recovery of gypsum as a saleable by
product is not a viable option since no market appears to exist 
at this time. 

Level 2 

Level 2 for the sulfate process employs the described BPT 
treatment for strong acid, weak acid, and 55% of the "other 
wastes". The remaining other wastes receive soda ash treatment 
and settling, to permit recycling a nonscaling effluent' for 
scrubbers and miscellanous uses. Heavy metal pollutants in the 
separated recycle stream are settled as c.arbonates and 
periodically removed to a secure l~andf ill. The flow diagram of 
this treatment is shown in Figure 14-12. 
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14.12.2 Equipment for Different Treatment Levels 

Equipment Functions 

Treatment of waste water from the sulfate process involves 
the mechanized handling of large quantities of chemicals and 
reaction products, primarily gypsum. 

The BPT model includes rail car deliveries of ground 
limestone and lime, bucket elevators, storage bins, multiple 
feeders, mechanical feeders, mechanical aerators, and two-stage 
thickening for removal of pure and iron-bearing gypsum for the 
treated acid waste streams. Calcium saturated thickener 
overflow and miscellaneous other waters are subjected to 
alkaline precipitation and settled in a one-day polishing pond. 
In Level 2, to reduce the mass discharge of heavy metals, only 
55% of the BPT "other waste" flow joins the treated acid waste 
stream, for BPT treatment as described above. However, the 
remaining 45% of "other wastes" is given separate treatment with 
soda ash settled in a lagoon, for recycle to miscellaneous 
scrubber and noncontact cooling purposes. Treatment of the 
strong and weak acid streams, including oxidatio~ and settling 
of ferrous iron, remains the same as in the BPT model. 

Chemicals and Handling 

First stage neutralization employs ground limestone, while 
lime is used for second stage and final alkaline precipitation. 
Oxygen is supplied from atmospheric air, and polymer is added to 
assist in the second stage settling of iron hydroxide. Aside 
from the bulk handling of large amounts of these common 
chemicals, there are no special hazards involved in their use. 

Separation and Removal of Solids 

Large quantities of thickener underflow are pumped to 
spreading areas for consolidation of the solids, which are later 
pushed into 18 foot high piles on land provided for 10 years of 
operation. Solids from occasional draining of the polishing 
lagoon and the Level 2 recycling lagoon are returned to the 
aeration step of the waste acid streams, after which they will 
be settled out in the second stage thickener, being handled as 
part of the thickener underflow. Although no dewatering 
equipment is-provided, the first and second stage thickeners can 
be sources of pure and· impure gypsum for future byproduct 
recovery. 
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14.13 TREATMENT COST ESTIMATES 

14.13.1 General Discussion 

To prepare treatment cost estimates, a model plant concept 
was developed. For conceptual design a representative unit 
waste flow was selected, together with three different Ti02 
production rates. The latter were chosen to cover most of the 
rates typical for the Ti02 subcategory (Sulfate Process). The 
selected daily Ti02 production for the model plant was 
multiplied by the selected unit flow to obtain the volume of 
influent to the treatment system. The selected unit raw waste 
pollutant loads were also multiplied by the model plant 
production rate to determine the pollutant load on the treatment 
system. Capital and equipment costs were then calculated based 
on developed conceptual des,ign parameters for each model plant 
production rate. The rationale used for the model plant 
selection is given below. 

Waste Water Flow 

waste effluent data is available for three plants and is 
given in Table 14-23. For the model the average value of the 
three plant data has been used. The unit flow data for strong 
acid ranges from 6.10 to 16 m3/kkg of Ti02. (Table 14-23). For 
the model plant the average value of 10 m3/kkg has been used. 
Unit flows for the weak acid stream range from 67 to 78 m3/kkg. 
For the model plants, a unit flow of 72 m3/kkg of Ti02 is used, 
The third segregated stream includes contact cooling water, 
scrubber water, and finishing operation waste water. The unit 
flow for this stream varies from plant to plant and depends 
largely on the type and quality of the Ti02 pigment end product 
desired. For model plants, a unit flow of 393 m3/kkg of Ti02 was 
used. For model plants a total effluent flow which consists of 
the strong acid, weak acid, and scrubber effluent, etcetra, of 
475 m3/kkg of Ti02 was used. 

Production 

Five plants produce titanium dioxide by the sulfate process 
at a total production rate of 259,000 metric tons per year. 
Production ranges from a minimum of 31,000 kkgjyr to a maximum 
of 74,500 kkgjyr with an average of 49,000 kkgjyr and a median 
of 43,000 kkgjyr. For treatment cost estimates, three 
production levels were selected. These were 31,800 kkg/yr; 
47,700 kkgjyr, and 74,500 kkg/yr. 

Waste Water Pollutant Load 

As stated before, the principal pollutants occur in the 
strong and weak acid streams and include high acidity (sulfuric 
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acid) , suspended solids, iron and other heavy metal sulfates. 
The other waste waters contain titanium dioxide and small 
amounts of other heavy metals as suspended solids. Iron 
concentrations vary depending on the grade of ilmenite ore used. 

14.13.2 Model Plant Control and Treatment Costs 

The average raw waste pollutant loadings given in Table 14-
23 were used for the model plant. For the model plants, a total 
iron loading of 600 kg/kkg was used with the assumption that 
two-thirds was suspended ferric hydroxide and one-thirc:l (200 
kg/kkg of Ti02) was soluble ferrous iron. The unit sulfate and 
suspended solid loadings for the different waste water streams 
for the model plant were: 

Stream 

Weak Acid 
Strong Acid 
Other Waste Water 

Chemical Useage 

Sulfate Loading 
(kg/kkg of Ti02) 

2,300 
1,800 

Negligible 

TSS Loading 
(kg/kkg of T i02) 

300 
200 
113 

In the model BPT system, powdered limestone is used for 
first stage neutralization of mixed strong and weak acids, at 
the unit rate of 3,000 kg/kkg of Ti02. Pebble lime (CaO) is used 
for second stage neutralization of the mixed acid streams and 
for the final neutralization of the total combined flow# 
including the other miscellaneous wastes. The unit application 
of CaO for all purposes is 0.235 kg/kkg of Ti02. In Level 2 
(which is not used as a regulation basis) , soda ash is added to 
45% of the "other waste" flow at an approximate dosage of 130 
pg/1, to permit partial recycle for miscellaneous purposes. 

Solids Produced 

Although some existing plants have attempted to produce two 
grades of saleable gypsum from the strong and weak acid streams, 
at present there is not a sufficient market for gypsum to 
justify byproduct gypsum recovery in the model plants. The 
solids produced from the treatment facility consist of gypsum, 
iron oxide, and the original suspended solids introduced in the 
influent. The total solids produced in the model plant are 
assumed to be 5,500 kg/kkg of Ti02. 

Additional solids generated in the soda ash treatment of 
nether wastes" at Level 2 are only a few hundred pounds per day, 
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and are considered a negligible increase in total solids 
production. These additional solids are periodically 
transferred from the recycle polishing ponds to the main 
treatment system just ahead of the aeration step. In this way, 
the additional quantity of toxic metals will be subjected to the 
ferric iron flocculation, lime treatment, and settling sequence 
in the BPT system. 

The estimated costs for three models having different 
production levels are given in Table 14-26, 14-27, and 14-28. 
Annual treatment costs as a function of production are shm-1n 
graphically in Figure 14-13. Similarly, treatment cost per 
metric ton of product is given in Figure 14-14. 

Table 14-29 presents a summary of the unit cost distibution 
between amortization and operation and maintenance cost 
components at different productions and at the BPT and the Level 
2 treatment. · 

For existing sources at the first level of treatment, the 
disposal of sludge is on-site, hence land requirements are 
fairly large. Amortization, chemicals, labor, and residual 
waste disposal costs have significant impact on the annual 
costs. The treatment Level 2 amortization, chemicals, and labor 
constitute a major portion of the additional costs. 

14 .14 BAS IS FOR REGULATIONS 

14.14.1 Evaluation of BPT Practices 

Out of a total of four Ti02 plants (sulfate process) that 
are currently in operation, only one plant (~ 559) has a BPT 
treatment system. The other 3 plants practice partial 
neutralization and settling. The proposed BPT limitations are 
based on available long-term data from plant f.559. 

Pollutant Removal with BPT Treatment 

Treatment Level 1 is equivalent to the proposed BPT in the 
Tit~nium Dioxide (sulfate process) industry. Means, standard 
deviations, and variability factors were calculated from data 
submitted by Plant #559 for final effluent guali.ty, and the 
results are given in Table 14-30. The performance 
characteristics are utlized for the development of the proposed 
BPT regulations. 

The ability of the"treatment system to remove conventional, 
nonconventional, and toxic pollutants was estimated by comparing 
the treated effluent qualities with the raw waste qualities of 
the sampled waste streams. The data for Plant #559 are given in 
Table 14-31. 
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TABLE 1~-26. MODEL PLANI' TREA'IMENT CCSTS 
========--===================================================================== 

Subcategory TITANIUM DIOXIDE Sulfate 

Production 31,800 metric tons per year 
90 metric tons per day 

Waste water flow 42750 cubic meters per day. 

(35,059 tons per year) 
( 100 tons per day) 

LEVEL OF 'IREA'IMENT* 

A. JNVES'IMENT CCST 

Construction ••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land •••••••••••••••••• 

Tai'AL INVES'IMENI' CCST 

B. OPERATION AND 
MAINTENAN:!E CCST 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal •••••••••••••• 
Monitoring, analysis 
and reporting ••••••••• 

Tai'AL OPERATION AND 
MAINTENAN:!E CCST 

C. JIM.OO.TIZATION OF 
INVES'IMENI' CCST 

TOTAL ANNUAL COST 

FIRST 

$701,200 

2,328,400 

9,000 

607,720 

607,720 
1,272,000 

$5,526,040 

$504,000 
96,000 

1,589,000 
425,404 
165,781 

210,000 

15,000 

$3,005,185 

$692,132 

$3,6971317 

SECCND 

$117,500 

233,000 

70,100 

70,100 
12,000 

$502,700 

$56,000 
9,000 

176,000 
49,070 
15,081 

7,500 

$312,651 

$79,836 

$392,487 

*First level represents the base cost of treatment system. 
other levels represent the incremental cost above base cost. 
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TABLE 14-27. MODEL PLAN!' TREA'IMENT COOTS 
============================================================================== 

Subcategory TITANIUM DIOXIDE Sulfate 

Production 47,700 metric tons per year 
136 metric tons per day 

Waste water flow 64600 cubic meters per day. 

(52,589 tons per year) 
(150 tons per day) 

LEVEL OF 'IREA'IMENT* 

A. INVES'IMENT COOT 

Construction ••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land •••••••••••••••••• 

TGrAL INVES'IMENT COOT 

B. OPERATION AND 
MAINTE~E COST 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal •••••••••••••• 
Monito'ring, analysis 
and reporting ••••••••• 

TOTAL OPERATION AND 
MAINTENANCE COST 

C. N>iORTIZATION OF 
INVES'IMENT COST 

TOTAL ANNUAL COST 

FIRST 

$958,700 

2,980,200 

9,000 

789,580 

789,580 
1,920,000 

$7,447,060 

$672,000 
138,000 

2,384,000 
552,706 
223,411 

315,000 

15,000 

$4,300,117 

$899,252 

$5,199,369 

SECCND 

$161,000 

278,000 

87,800 

87,800 
18,000 

$632,600 

$56,000 
12,000 

265,000 
61,460 
18,978 

7,500 

$420,938 

$99,995 

$520,933 

---------------~--------------------------------------------------------------
*First level represents the base cost of treaument system. 
Other levels represent the incremental cost above base cost. 
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TABLE 14-28. MODEL PLAN!' TRFA'IMENT COOTS 

Subcategory TITANIUM DIOXIDE Sulfate 

Production 74,500 metric tons per year 
212 metric tons per day 

Waste water flow 100700. cooic meters per day. 

(82, 136 tons per year) 
( 234 tons per day) 

LEVEL OF 'IRFA'IMENI'* 

A. INVES'IMENT COOT 

Construction ••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land •••••••••••••••••• 

TOI'AL INVES'IMENT COOT 

B. OPERATION AND 
MAINTENAN:!E COOT 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
Maintenance •••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal •••••••••••••• 
Monitoring, analysis 
and reporting ••••••••• 

TOI'AL OPERATION AND 
MAINTENAN:!E COOT 

C. AMOO.TIZATION OF 
INVES'IMENT COOT 

TOI'AL ANNUAL COOT 

FIRST 

$1,293,500 

3,914,500 

9,000 

1,043,400 

1,043,400 
2,940,000 

$10,243,800 

$672,000 
199,000 

3,719,000 
730,380 
307,314 

420,000 

15,000 

$6,062,694 

$1,188,328 

~, 251,022 

SECCND 

$208,000 

322,000 

106,000 

106,000 
24,000 

$766,000 

$56,000 
18~000 

412,000 
74,200 
22,980 

7,500 

$590,680 

$120,723 

~11,403 

*First level represents the base cost of treabnent system. 
Other levels represent the incremental cost above base cost. 
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Figure 14-13. Annual treatment cost vs. production for the titanium dioxide 
subcategory, sulfate process. 
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TABLE 14- 29. MODEL PI.ANI' TR.EA'IMENT COOTS 
================================================================================ 

Subcategory TITANIUM DIOXIDE Sulfate 

Annual Operation 
and Maintenance 

Annual 
.Amortization 

Total Cost 

PRODUCTION FLOW 
(kkg/yr) (m3/day) 

31,800 61,600 
47,700 92,600 
74,500 144,000 

31,800 61,600 
47,700 92,600 
74,500 144,000 

31,800 61,600 
47,700 92,600 
74,500 144,000 

439 

Annual Treatment Costs ($/kkg) 

LEVEL OF 'IREA'IMENT 

FIRST SECCND THIRD FOURTH 

94.50 9.83 Not Applicable 
90.15 8.82 
81.38 7.93 

21.77 2.51 
18.85 2.10 
15.95 1.62 

116.27 12.34 
109.00 10.92 

97.33 9.55 



TABLE 14-30. HISIDRICAL EF.E'LUENT M)NI'I()RJl\G DA'm. Stf.M\RY 

SUIO\TEIDRY - TITANIUM DIOXIDE 
snr.FATE P.OOCES.C:: PT Jw.r #559 

Pollutant 

TSS cadmium Chranium Iron Lead Nickel Zinc 

Daily Data 

No. of Points 899 109 128 854 128 128 128 • 

Average, x 21.0 0.060 0.070 0.62 0.068 0.08 0.151 

~~d (1) 
Deviation, S 65.93 0.044 0.054 3.46 0.041 0.071 0.204 

~ 
ol=oo stamard 1.~ 0.68 0.67 1.86 0.56 0.76 1.02 0 

ne · t · s• <2> iVJ.a l.Oll, 

Variability <3) 
11.,0 3.85 3.81 13.65 3.16 4.39 6.41 Factor 

30-Day A'\'erage 

N:>. of Points 30 26. 30 28 30 30 30 

Standard (1) 
21.84 0.042 0.038 0.94 0.04 0.048 0.16 Deviat.ion 

Variability <4) 
3.04 2.43 2.04 4.00 2.14 4.39 3.05 Factor 

Variability 
Factor Rat.io 

VFR (5) 3.62 1.58 1.87 3.38 1.48 1.00 2.10 

(Continued) 



.a=. 

.a=. 
1-' 

TABLE 14-30. Continued 

(1) S is the arithnetic stamard deviation and is given by 

s = 
i=n 

·l: 
(x. _ :)2 

J. .n. 

'i=l 
n-1 

where xi is the data value for p:>int i 
' ' 

x is the mean value 

n is thE: number of data p:>ints 

(2) S' is the est:i.mata:l standard deviation 

S' =v' ln~ + H~9 
where S is ,the aritlmetic standard deviation 

x is the mean value 

(3) The variability factor (VF) of daily measurements for 16gnornal distribution 
is found by tlie expression. 

· ln (VF) = S' ( Z- 0.5 S') 

vJbere S' is the estimated standard deviation 

z = 2. 33 for 99th percentile 

(Continued) 
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TABLE 14-30. Continued 

(4) The variability factor (VF) for 30-day average measurerrents is fourrl by the 
expression 

VF=l.O+Z (~7 

'Mlere x is the mean value 

s is the arithrretic stancl..ard deviation 

z = 1.64.for 95th percentile 

• (5) VFR: Ratio of the 24-lDur variability factor to the 30-day variability factor 



TABLE 14-3L VERIFICATION RESULTS FROM - SULFATE PROCESS 
TITANIUM DIOXIDE PLANT #559 

Raw W:l.ste Treated Effluent 

Pollutant 
A B c D E 

Unit I.Dad Concentration Unit Load Concentration Removal 
Efficiency 

(kg/kkg) (mg/1) (kg/kkg' (mg/1) (%) 

Total Suspended 
Solids 116 266 10.0 ·- 23 91 

Iron 364 835 1.92 4.4 99 

cadmium 0. 00045 0.0010 0.000040 0.00010 90 

Chromium 1.3 3.1 0.011 0.025 99 

Cop~ 0.070 0.16 0.002 0.0050 97 

Lead 0.040 0.96 0.00090 0.0020 99 

Nickel 0.060 0.14 0.0020 0.0050 96 

Zinc 0.45 1.0 0.030 0.062 94 

Arsenic 0.012 0.028 0.0040 0.010 64 

Ant.imony 0.030 0.074 0.0060 0.015 80 

Selenium 0.0020 0.0050 0.0020 0.005'0 '0 

Thallium 0.0030 0.0070 0.0010 0.0030 60 
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14.14.2 Basis for Proposed BPT Effluent Limitations 

Technology Basis 

For BPT, the Agency is proposing limitations based on 
equalization, limestone neutralization, clarification, 
aeration, alkaline precipitation and settling followed by pH 
adjustment before final discharge of the effluent. This 
technology is chosen because it has been inst~lled and operated 
successfully by a plant in the industry. 

Flow Basis 

Waste flow data is available for 3 plants and the average 
value of 475 m3/kkg of Ti02 (Table 14-23) is taken as the inflow 
for the model plant treatment system. The treatment plant 
effluent is taken to be the same as the influent and the loss or 
addition of water through chemicals, evaporation, 
precipitation, and through solid removal have been neglected. 

Selection of Pollutants to be Regulated 

The selection of pollutants for which limitations are 
proposed is based on the evalutation of raw waste data from the 
screening and verification program. The following two major 
factors were considered: 

Raw waste pollutant concentration - Initially one plant was 
visted and the waste effluent sampled in the screening phase. 
The discovery of any toxic pollutants in the raw waste above the 
detection level and in the treatability range was the basis for 
proceeding with verification sampling. The presence of the same 
pollutants in the verification phase confirmed the significance 
of the screening program observation. The pollutants found in 
signifcant levels in the raw waste of the plants sampled in 
screening and verification are given in Section 14.10.3. 

On the basis of maximum concentration of pollutants in the 
raw waste the preliminary selection of candidates for regulation 
included chromium, cadmium, copper, lead, nickel, zinc, arsenic, 
and antimony. 

Total subcategory raw waste pollutant loading - The average 
unit tox1c pollutant loadings of the raw waste of plants sampled 
in the screening and verification program (Table 14-23) was 
multiplied by the total Ti02 production rate of 259,000 kkg/year 
to yield an estimate of the total annual pollutant loading for 
the subcategory (see Section 14.10.3). The data give an 
indication of the overal~ magnitude of the pollution potential 
for the subcategory. 
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Basis of Pollutant Limitations 

Conventional and nonconventional parameters 

A. The treated effluent is to be controlled within the 
range of pH 6.0 to 9.0. This limitation is based on the data 
presented in Appendix B of this report and the JRB Study (52) • 

B. TSS and Iron: The long-term average values of 21 mg/1 
for TSS and 0.62 mg/1 for iron derived from the monitoring data 
of Plant f.559 (Table 14-30) was used as the proposed subcategory 
performance values. The variability factors for daily and 30-
day average estimated from Plant f559 long-term data (Table 14-
30) were used in calculating the concentration basis and 
effluent limitations as shown below. 

Total Suspended Solids 

The proposed TSS maximum 30-day average concentration is 
given by: 

(21 mg/1) (3.04) = 64 mg/1 

The proposed TSS 24-hour maximum by 

(21 mg/1) (11.0) = 230 mg/1 

The proposed TSS maximum 30-day average effluent limit was 
obtained by using the model plant unit flow of 4 7 5 m3/kkg, 
namely 

(64 ~g/1) (475 m3/kkg) 

from: 

( 
kg/m3 ) 

1000 mg/1 
= 30 kg of TSS 

kkg of Ti02 

The proposed iron 24-hour maximum effluent limit: 

= (230 mg/1) (475 m3/kkg) 
( 

kg/m3 ) 
1000 mg/1 

= 110 kg of TSS 
kkg of Ti02 

The proposed iron maximum 30-day average concentration: 

= (0.62 mg/1) (4.0) = 2.5 mg/1 

The proposed iron 24-hour maximum concentration: 

= (0.62 mg/1) (13.65) = 8.5 mg/1 

The proposed iron maximum 30-day average effluent limi~ 

= (2.5 mg/1) (475 m3/kkg) ( kg/m3 ) 
1000 mg/1 

445 

= 1.2 kg of iron 
kkg of Ti02 



The proposed iron 24-hour maximum effluent limit 

= (8.5 mg/1) (475 m3/kkg) ( kg/m3 ) 
1000 mg/1 

= 4.1 kg of iron 
kkg of Ti02 

Toxic Pollutants - The effluent limitations proposeo for 
the selected toxic pollutant parameters are derived from two 
sources of information. These are 1) long-term monitoring data 
for Plant f.559, 2) literature-based treatability estimates. 

If the long-term data of a certain pollutant was not 
available or the 30-day average obtained from the long-term data 
was less than the lower level of treatability values, then the 
lower limit of treatability was used as the concentration basis 
for the maximum 30-day average limitation. The long-term data 
of most of the toxic pollutants for Plant #559 are given in 
Table 14-30. 

A. Antimony: The maximum concentration of antimony 
observed in the raw waste curing the screening and verification 
program was 1.4 mg/1 (shown as 1400 ~g/1 in Section 14.10.4). 
At Plant f.-559, 80 percent of the antimony is removed during 
treatment (Table 14-31). The proposed 30-day average 
concentration of 0. 8 mg/1 is based on the lower limit of 
treatability as determined by literature studies (Table 8-11). 
A variability factor ratio of 1.9 (ratio of 24-hour variability 
factor to the 30-day variability factor) determined for chromium 
(Table 14-30) from the long-term data for Plant #559 was used to 
obtain the 24-hour maximum concentration. Thus: 

The proposed antimony 24-hour maximum concentration is 
given by: 

(0.80 mg/1) (1.9) = 1.5 mg/1 

The proposed antimony 30-day average effluent limit is 
given by: 

(0.80 mg/1) (475 m3/kkg)( kg/m3 ) 
1000 mg/1 

= 0.38 kg of antimony 
kkg of Ti02 

The proposed antimony 24-hour maximum effluent limit is 
given by: 

(1.5 mg/1) (475 m3/kkg) ( kg/m3 ) 
1000 mg/1 

= 0.71 kg of antimony 
kkg of Ti02 

B. Cadmium: The maximum concentration of cadmium found in 
the raw wastes during the screening and verification program was 
0.340 mg/1 {shown as 340 ~g/1 in Section ~4.10.4). The data for 
Plant #559 indicated a removal efficie'ncy of 90.0 percent (Table 
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14-31). Thus, the long-term average value of 0.060 mg/1 and the 
variability factor of 3.85 for daily maximum and 2.43 for 30-day 
average estimated from the long-term monitoring data of Plant 
#559 (Table 14-30) wer~ used in calculating the proposed 
concentrations and effluent limitations as shown below: 

The proposed cadmium' 30-day average concentration is given 
by: 

(0.060 mg/1) (2.43) = 0.15 mg/1 

The proposed cadmium 24-nour maximum concentration is given 
by: 

(0.060 mg/1) (3.85) = 0.24 mg/1 

The proposed cadmium 30-day effluent limit is given by: 

= (0.15 mg/1) (475 m3/kkg) 
( 

kg/m3 )= 0.070 kg of cadmium 
1000 mg/1 kkg of Ti02 

The proposed cadmium 24-hour maximum effluent limit is 
given by: 

(0.24 mg/1} (475 m3/kkg)( kg/m3 ) = 0.11 kg of cadmium 
1000 mg/1 kkg of Ti02 

c. Chromium: The proposed subcategory limitation of 0.070 
mg/1 is based on the' average of the long-term monitoring data 
for Plant f.559 given in Table 14-30. The variability factor of 
3.81 for the daily data and the variability factor of 2.04 for 
30-day averages were estimated from the same data for Plant 
~559, and an established model plant unit flow of 475 m3/kkg was 
used in setting up the proposed limitations. 

The proposed chromium maximum 30-day average concentration 
is given by: 

(0.070 mg/1) (2.04) = 0.14 mg/1 

The proposed chromium 24-hour maximum concentration is 
given by: 

(0.070 mg/1) (3.81) = 0.27 mg/1 

The proposed chromium 30-day average effluent limit is 
given by: 

(0.14 mg/1) (475 m3/kkg) (' kg/m3 ) = 
1000 mg/1 

\ 
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The proposed chromium 24-hour maximum effluent limit is 
given by: 

(0.27 mg/1) (475 m3/kkg) ( kg/m3 ) 
1000 mg/1 

= 0.13 kg of chromium 
kkg of Ti02 

D. Copper: The value of 0. 5 mg/1, which is the lower 
limit achieved from the lime-settling of copper contaminated 
waste water from the treatability studies (Table 8-11) was 
selected as· the proposed maximum 30-day average concentration 
because no long-term data for copper is available. The 
variability factor ratio of 1.87 d~veloped from the,long-~erm 
data for Plant f559 for chromium (Table 14-30) was used to 
estimate the 24-hour maximum concentration because performance 
of the treatment system is expected to be the same for copper as 
for chromium • The calculations for the proposed concentrations 
and effluent limits are given below: 

The proposed copper 24-hour maximum concentration is given 
by 

(0.50 mg/1) (1.87) = 0.95 mg/1 

The proposed copper 30-day average effluent limit is given 
by: 

(0.50 mg/1) (475 m3/kkg) ( kg/m3 ) 
1000 mg/1 

= 0.24 kg of copper 
kkg of Ti02 

The proposed copper 24-hour maximum effluent limit is given 
by: 

(0.95 mg/1) (475 m3/kkg} ( kg/m3 ) = 
1000 mg/1 

0.46 kg of copper 
kkg of Ti02 

E. Lead: The lowest concentration of lead achievable by 
treatment as determined by treatability studies (value of 0.30 
mg/1 from Table 8-11 for lime-settling) was selected as the 
proposed maximum 30-day average concentration. The higher value 
was selected because if lead is present in large quantity this 
represents the achievable level. The selected value is higher 
than the value obtained by multiplying the long-term average of 
.070 mg/1 by the 30-day variability factor of 2.14 estimated 
from the monitoring data for Plant ¥559 (Table 14-30}. The 
variability factor ratio of 1.48 obtained from the long-term 
monitoring of lead for Plant f.-559 (Table 14-30} was )lSed in 
calculating the 24-hour maximum concentration. The calculations 
used to establish the proposed concentrations and effluent 
limitations are shown below: 
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The proposed lead 24.-hour maximum concentration is given 
by: 

(0.30 mg/1) (1.5) = 0.45 mg/1 

The proposed lead 30-day average effluent limit is given 
by: 

(0.30 mg/1) (475 m3/kkg) ( kg/m3 ) = 
1000 mg/1 

0.14 kg of lead 
kkg of Ti02 

The proposed 24-hour maximum effluent limit is given by: 

(0.44 mg/1) (475 m3/kkg) ( kg/m3 ) = 
1000 mg/1 

0.21 kg of lead 
kkg of Ti02 

F. Nickel: The proposed 30-day average concentration of 
0.20 mg/1 is based on the lower limit established by 
treatability studies and achieved using lime treatment and 
settling (Table 8-11). The'proposed daily maximum concentration 
was estimated by multiplying the 30-day average concentration by 
the variability factor ratio of 1.87 developed for chromium from 
the long-term data for Plant f.559 (Table 14-30). The variability 
factor for chromium was used because the treatment system is 
expected to perform similarly for nickel and chromium. The 
calculations for the proposed concentrations and effluent limits 
are given below: 

The proposed nickel 24-hour maximum concentration is given 
by: 

(0.20 mg/1) (1.87) = 0.37 mg/1 

The proposed nickel maximum 30-day average effluent limit 
is given by: 

(0.20 mg/1) (475 m3/kkg) ( kg/m3 ) 
1000 mg/1 

= 0.10 kg of nickel 
kkg of Ti02 

The proposed nickel 24-hour maximum effluent limit is given 
by: 

(0.37 mg/1) (475 m3/kkg) ( kg/m3 ) 
1000 mg/1 

= 0.18 kg of nickel 
kkg of Ti02 

G. zinc: The lower limit established by treatability 
studies, namely 0.5 mg/1, (Table 8-11) was used as the basis' for 
the proposed 30-day average concentration limit because the 
observed average effluent concentration (Table 14-31) was 
considerably less. The variability factor ratio of 2.1 developed 
from the long-term data for Plant #559 for lead (Table 
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14-30) was used to estimate the proposed daily maximum 
concentration since similar performance with this treatment 
technology is expected. The calculations useo to establish the 
concentration basis and effluent limitations are shown below: 

The proposed zinc daily maximum concentration is given by: 

(0.50 mg/1) (2.1) = 1.1 mg/1 

The proposed zinc 30-day average effluent limit is given 
by: 

(0.50 mg/1) (475 m3/kkg) ( kg/m3 ) = 
1000 mg/1 

0.24 kg of zinc 
kkg of Ti02 

The proposed zinc 24-hour maximum effluent limit is given 
by: 

(1.1 mg/1) (475 m3/kkg) ( kg/m3 ) = 
1000 mg/1 

0.52 kg of zinc 
kkg of Ti02 

H. Arsenic: The proposed 30-day average concentration of 
0.5 mg/1 is based on the lower limit established by treatability 
studies for lime precipitation and settling (Table 8-11) because 
no long-term data for arsenic treatment is available. The 
proposed daily maximum concentration was estimated by 
multiplying the 30-day average concentration with a variability 
factor ratio of 1.9 developed for chromium from the long-term 
monitoring data for Plant # 559. The calculations for the 
proposed concentrations and effluent limits are given below: 

The proposed arsenic 24-hour maximum concentration is giyen 
by: 

(0.50 mg/1) (1.9) = 0.95 mg/1 

The proposed arsenic 30-day average effluent limit is given 
by: 

(0.50 mg/) (475 m3/kkg) ( kg/m3 ) 
1000 mg/1 

= 0.24 kg of arsenic 
kkg of Ti02 

The proposed arsenic 24-hour maximum effluent limit is 
given by: 

(0.95 mg/1) (475 m3/kkg) ( kg/m3 ) 
1000 mg/1 

= 0.46 kg of arsenic 
kkg of Ti02 

Summary A summary of the proposed conventional, 
nonconventional, and toxic pollutant Limitations for BPT are 
given in Table 14-32. 
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'rnELE 14-32. PROroSED LIMITATIONS 
TITANIU1 DIOXIDE SULFATE PROCESS 

Best Practical control Technology CUrrently Available 
'1-aste W:!.ter Flow: 475 m3/kkg of T:i02 

Pollutant Sulx:ategory VFR{l) 
COn:::entJ:ation Effluent 

PerfoJ:mailCe Basis L:lmit 
(mg/1) uJrrqlll (kg~ of Ti02) 

3Q-day 24-hr. 30-&.y 24-hr. 
Avg Max Avg Max 

COnventl.onal and 
NonoonventwnaJ. 
Pollutants 

Total SUsp:mded 21 ~2) 3.6 64 230 30 110 
Solids 

Il::on 0.62 (2) 3.4 2.5 8.5 1.2 4.1 

Toxic Pollutants 

AntJ.m:my 0.8o<3l 1.9<4> o.ao 1.5 0.38 0.71 

cadmium 0.06(2) 1.6 0.15 0.24 0.070 0.11 

Chrc:miurn 0.07(2) 1.9 0.14 0.27 0.070 0.13 

COpper 0.50( 3) 1.9(4) 0.50 0.95 0.24 0.46 

Lead 0.30 (3) 1.5(5) 0.30 0.45 0.14 0.21 

Nickel 0.20(3) 1.9(4) 0.20 0.37 0.10 0.18 

Zinc 0.50 (3) 2.1 (5 ) 0.50 1.1 0.24 0.50 

Arsenic 0.50(3) 1.9 0.50 0.95 0.24 0.46 

(1} VFR: Ratio of the 24-b::lur variability factor to the 30-&.y variability 
factor. 

(2) Lon;r-term average based on loading data and variability factors of 
plant lf559 selected ~ Table 14-30. 

(3) ~ lo~ l:lmit of the literature treatability est.inate (Table 8-11)_ 
J.S used as the basl.s for the 30-day average limitation. . 

(4} Variabl.lity factor ratio of cl:u:omi.um developed from the long-term data 
of plant Ji!559 has been used (Table 14-30} • 

(5} Variability factor ratio est.inated for this pollutant from lon;r-term 
data of plant lf559 has been used. 
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14.14.3 Basis for Proposed BCT Effluent Limitations 

The BCT limitation (applicable only to TSS) was set equal 
to BPT because BAT is equal to BPT. 

14.14.4 Basis for Proposed BAT Effluent Limitations 

For BAT, the Agency is proposing limitations based on 
treatment consisting of Level 1 technology, and are the same as 
BPT. A treatment system requiring 55 percent recycle through 
use of soda ash precipitation was considered but rejected 
because its performance has not been demonstrated. The 
limitations proposed for BAT are given in Table 14-33. 

14.14.5 Basis for Proposed New Source Performance Standards 

Level 1 treatment technology (also proposed for BPT and 
BAT) is selected as the basis for NSPS limitations. A treatment 
system requiring 55 percent recycle through use of soda ash 
precipitation was considered but rejected because its 
performance has not been demonstrated. Compared to BAT, NSPS 
additionally limits pH, TSS and iron. The proposed NSPS 
limitations are given in Table 14-34. 

14.14.6 Basis for Proposed Pretreatment Standards 

Existing Sources 

For pretreatment standards for Existing Sources (PSES), the 
Agency is proposing limitations based on BAT. The pollutants to 
be limited are iron, antimony, cadmium, chromium, copper, lead, 
nickel and zinc as indicated in Table 14-34. 

New Sources 

For pretreatment standards for New Sources (PSNS), the 
Agency is proposing limitations based on NSPS. The pollutants 
to be regulated are iron, antimony, cadmium, chromium, copper, 
lead, nickel and zinc as indicated in Table 14-34. 
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TABLE 14-33. PFOEOSED LlMITATI.ONS . 
TITANIUM DIOXIDE SULFATE PROCESS 

Best Available Techoology 
Wiste Witer Flow: 4 75 m3 jkkg of TiO., 

SUbcategory (1) 
VFR(2) Concentration Effluent L.D:nit 

Ibllutant Performance Basis (ng/1) (kg/kkg of Ti02) 

3t~y 24-h::mr 3cJ~y 24-h::mr 
Avg 11ax Avg 1·1ax 

Nonconventional 
Ibllutants 

IronC3) 0.62 3.4 2.5 8.5 1.2 4.1 

Toxic Ibllutants 

Antiirony <3) 0.80 1.9 0.80 1.5' 0.38 0.71 

cadmium <3 > 0.060 1.6 0.15 0.24 0.070 0.11 

Chromium {3) 0.070 1.9 0.14 0.27 0.070 0.13 

Copper {3) 0.50· 1.9 0.5Q 0.95 0.24 0.46 

Lead(3 ) 0.30 1.5 0.3) 0.45 0.14 0.21 

Nickel {3) 0.20 1.9 0.20 0.37 0.10 0.18 

Zinc (3) 0.50 2.1 0.50 1.1 0.24 0.52 

Arsenic 0.50 1.9 0.50 0.95 0.24 0.46 

(1) Prop:> sed L.D:nitations for BPT Table 14-32 

(2) VFR: Ratio of the 24-lDur variability factor to the 30-day variability 
factor. 

(3) Also applicable for PSES and PSNS ljmitations. 
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TABLE 14-34. PRO:EQSED LTIUTATIONS 
TITANIUM DIOXIDE SULFATE PROCESS 

New Source Performance Standards 
W:l.ste W:l.ter Flow: 475 m3/kkg of Tio2 

SUb:::ategory {l) VFR(2) Concentration Effluent Limit 
!bllutant Performance Basis, (mg/1) (kg/kkg of Ti02) 

Max - Max 
30-day 24-hour 30-day 24-h:>ur 
Avg Max Avg Max 

Conventional and 
NonconventJ.onal 
!bllutants 

Total sus.r;:ended 21 3.6 64 230 30 110 
Solids 

Iron 0.62 3.4 2.5 8.5 1.2 4.1 

Toxic :EOllutants 

1\nt:im:my 0.80 1.9 0.80 1.5 0.38 0.71 

cadm:i.un 0.060 1.6 0.15 0.24 0.070 0.11 

Chl:om:i.um 0.070 1.9 0.14 0.27 0.070 0.13 

Copper 0.50 1.9 0.50 0.95 0.24 0.45 

Lead 0.30 1.5 0.30 0.45 0.14 0.21 

Nickel 0.20 1.9 0.20 0.37 0.10 0.18 

Z:inc 0.50 2.1 0.50 1.1 0.24 0.52 

Arsenic o.:n 1.9 0.50 0.95 0.24 0.46 

(1) For basi& see proposed limitation for BPI' 'I!able-32. 

(2) VFR: Ratio of the 24-hour variability factor to the 30-day variability 
factor. 
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14 .15 'JL'ITANIUM DIOXIDE 
PROFILE 

14.15.1 General Description 

CHLORIDE ILMENITE PROCESS INDUSTRY 

Total subcategory production capacity is given in Table 
14-35 Profile Data Summary. The 308 data available for the 
Ti02 Subcategory does not adequately cover the one-step 
chloride ilmenite process; however, supplementary information 
has been submitted by industry (55} • The status of 
regulations is presented in Table 14-2. Additional 
information on the chloride process industry is given in 
S ec t ion 14 • 1 • 

14.15.2 General Process Description ~nd Raw Materials 

For the manufacture of titanium dioxide by the combined ore 
benefication-chloride process, a generalized process flow 
diagram including the waste streams is shown in Figure 14-15. 

The direct use of ilmenite ore for the manufacture of 
titanium dioxide pigments requires the application of either 
the sulfate process or the one-step ore 
beneficiation/chlorination process which is referred to in 
this report as the chlor iC!e- ilmenite process. Processes 
which involve a separate ore beneficiation step (either at 
the plant or at the ore source) resulting in an upgraded or a 
synthetic rutile product to be used as feed material for a 
chloride process would not be classified as a chloride
ilmenite process. A separate ore beneficiation process would 
fall within the Ore Mining and Dressing Category for 
regulatory purposes, and' the manufacture of T i02 from an 
upgraded ilmenite or synthetic rutile ·would be in the same 
classification as a chloride process using natural rutile ore. 

The central feature of the chloride-ilmenite process is 
a fluidized bed reactor, referred to as the chlorinator, 
which receives the ore, coke, and chlorine. For any given 
ilmenite ore composition, the differential rates of the 
various metal chlor i'nation reactions taking place 
simultaneously in the chlorinator make impossible any clear 
distinction between ore beneficiation and titanium 
tetrachloride formation steps. The reaction mixture 
composition is further complicated by recycling , recovered ore 
from the quench tower back to the chlorinator. Thus, the 
wastes generated by the process are not separable into 
beneficiation wastes and chlorination wastes. The chlorinator 
acts as the primary source of concentrated acidic wastes 
which are collected for treatment and disposal from the ore 
recovery and qas scrubber units. · 
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TABLE 14-35 

TITANIUM DIOXIDE Chloride Process (I.lmenite Ore) 

Total sul:::.category capacity rate 

Total sul:category production rate 

Nlm1ber of plants in this sul:::.category 

308 Data on file for 
With total capacity of 
With total production of 
Representmg capacity 
Representing production 

Plant produ:::tion range: 
Minimum 
max.irnum 

Average pnoduction 
Median production 
Average capacity utilization 

Plant age range: 

l-linimum 
Maximum 

waste water flow range: 
Min :Unum 
Maximum 

Volt:tire per unit product: 
Minimum 
:M:iximum 

(1) capacity. mcluded in Table 14-1. 

NA 

522,775 kkg/year (l) 

4 

3 
495,500 kkg/year 

NA 
95 percent 

Unknown; wide variation 
in production 

75 kkg/year 
228 kkg/year 

151. 50 kkg/year 
NA 
NA 

NA 
NA 

8400 cubic meters/day 
42, 000 cubic meters/day 

29 cubic rneters/kkg 
140 cubic meters/kkg 

Sources of data are Stanford Research Institute, Directory of Chemical 
Producers, U.S.A., 1977, U.$. Department of Comnerce, Current Industrial 
Rep:>rts, December 1977; Energy and Enviro:nmental Analysis, Inc., Draft 
Rep:>rt, "Prelimmary Economic Assessment of Effluent Limitations in the 
Inorganic Chemical Ind:ustry," June, 1978, and "Economic Analysis of 
Prop:>sed Revised Effluent Guidelines and Standards for the Inorganic 
Chemicals Industry , "March, 1980. 

NA - not available 
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Figure 14-15. General process flow diagram of the titaniun tetrachlor.:j.de portion 
of a titanium dioxide plant using the chloride-ilmeni:t:;e process. 
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Once the TiC14 intermediate has been isolated and 
purified, the production of Ti02 is basically the same as 
described in Section 14.1.2 for the ordinary chloride process. 

14.16 WATER USE AND WASTE SOURCE CHARACTERISTICS 

14.16.1 Water Use 

Water is used in the manufacture of titanium 
the chloride-ilmenite process for noncontact 
process reactions, air emission control, product 
washing and transport operations. Table 14-36 
summary of water use data for three plants. 

14.16.2 Waste Sources 

dioxide by 
cooling, 

treatment, 
presents a 

The concentrated process waste stream generated by the 
chloride-ilmenite process contains the HCl generated 1n the 
chlorination process along with iron and other metal chlorides 
in solution. The waste stream also carries the spent coke 
and unreacted ore solids in suspension (TSS). 

The other major sources of process contact waste water 
are combined in the dilute process waste stream. These wastes 
are generated in the product finishing operations which 
include the application of surface coatings (usually alumina 
or silica) to the titanium dioxide pigment particles, and the 
final dewatering, washing, drying, and sizing of the product. 
The application of surface coatings requires the use of acid 
and alkali to maintain the proper pH range for chemical 
treatment of the Ti02 slurry. The resulting salts of 
neutralization are washed from the product. These dilute 
acid wastes are high in total dissolved solids and contain 
suspended Ti02 from the finishing operations. 

Table 14-37 summarizes the average raw waste loads 
carried by the concentrated and dilute process waste streams 
at three plants. 

In Table 14-36, considerable differences in water usage 
are revealed among the three plants. These differences are 
largely a reflection of plant. age in the sense that the 
feasibility and economics of effective contact/noncontact 
waste water segregation and recycling are highly dependent on 
the original plant design and facilities layout. Obviously, 
Plant f713 is a new plant which incorporates modern concepts 
of water use and waste handling p~actices and is therefore 
used as the basis for the chloride-ilmenite NSPS. The high 
flow plant, Plant #237, · is an older, existing facility in 
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TABLE 14-36.. AVERAGE W?\TER USA.GE FOR Ti<:)2 ~ !'RODUCTION 
BY THE CHJ:DRIDE - ID-1EN'ITE P.RCX:ESS 

Use Plant #237 Plant #550 

,m3 jkkg of Ti0
2

) 

Plant #713 

Noncontact 
Cool.ing 

Process Contact 
and Cleamp 

Noncontact 
Ancillary Uses 
(Ibilers, 
Sanitary, etc. ) 

Source of data, (55) • 

73-140 

100-140 (l) 

9- 11 

330-390 15-16 

47- 59 29-33 (2) 

6- 7 5-6 

{1) The average total flow of 120 m3/kkg is used as the basis for BPI'. 

(2) The average flow of 31m3 /kkg is used as the basis for NSPS. 
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TABLE 14-37. AVEFAGE FAW msTE roADS FOR Ti02 ProOOcriCN 
BY THE CHWRIDE - II.MENITE P.ROCESS 

Plant #237 Plant #550 Plant #173* 

Cooo. PJ:ocess Dil. Process Cooo. P.rocess Dil. Process Cooo. P.rocess Dil. Process 
Stream stream stream stream stream stream 

(kg/kkg of Ti02) (kg/kkg of Ti02) ·(kg/kkg of Ti02) 

TSS 100-150 20-35 150-200 15-20 200-240 5-20 

OCl 200-230 8-10 250-300 o.5-o.s 120-240 Negl. 

FeC13 900-1150 1-3 1000-1200 2-3 1000-1200 Negl. 

other netal 140-155 Negl. 190-210 Negl. 120-150 Negl. 
chlorides 

* These values are estimated for a new plant prior to start-up. 

Negl. - Negligible ( < 0. 5) 



which process contact water usage is by far the highest of the 
three plants. Although some reductions in the volume and the 
relative proportion of contact water usage may be feasible, the 
economic incentives are lacking and it is unlikely that 
older plants will be extensively modified to improve water 
use patterns alone. This segment was not further subdivided 
because the basic process is the same. 

14 .17 DESCRIPTION OF PLANTS VIS !TED AND SAMPLED 

14.17.1 Screening 

Plant f 550 was visited during the screening phase of the 
sampling program. This plant is__ capable of prooucing 
titanium oioxide from ilmenite ore by means of a one-step, 
integrated beneficiation/ chlorination process. However, at 
the time of the sampling visit, the plant was not using 
ilmenite ore, but rather an upgraded ore which was similar in 
quality to rutile. For this reason, the sampling results 
cannot be considered representative of a chloride-ilmenite 
process and are not presented in this report. 

Plant :f. 550 disposes of its concentrated acid waste by 
deep well injection. These ferric chloride laden acidic 
wastes are collected first in a system of four settling ponds 
where the bulk of the solids are removed. Dredging of the po~ds 
is a continuous operation and the sludges are landfilled in an 
adjacent, on-site area. Unlike the wastes from the Ti02-
Sulfate Process, the iron content of the concentrated wastes 
from the Chloride-Ilmenite Process is largely in the ferric 
state after chlorination and probably would not require 
aeration if these wastes were treated in a conventional BPT 
system utilizing neutralization and settling. After 
settling and clarification, the acidic wastes at Plant f. 550 
are deep well injected without prior neutralization. The 
other process waste waters from this plant include the dilute 
acid wastes from the scrubbers and white water from the 
finishing operations. The dilute acid wastes' are equalized, 
neutralized with caustic and sent to a primary settling pond, 
a polishing pond, and finally a clear pool prior to 
discharge. The white water· from product finishing, first 
goes to a slip pond for pigment recovery before mixing with 
the neutralized dilute acid wastes in the primary settling 
pond. Noncontact cooling water and sanitary wastes are 
handled separately. 
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14.17.2 Verification Prograa 

No verification program was carried out in the 
subcategory since the only other nominally chloride
ilmenite plant in operation during the sampling program was 
Plant 1237. However, this plant was not using ilmenite ore 
during the period of study and therefore was not visited or 
sampled. 

14.17.3 Toxic Pollutant Concentration 

Because neither of the two operating Ti02 chloride
ilmenite process plants were actually using ilmenite ore at 
the time when the sampling program was being conducted, the 
toxic pollutant characteristics of this process have been 
estimated on the basis of sampling results from the Ti02-
sulfate process at Plant :f!-559 where a typical ilmenite was 
being used. The process waste water characteristics of the two 
processes are expected to be similar because the sources of 
iron and toxic metal pollutants are related to the use of the 
same type of ore material. This segment was not combined with 
the sulfate process segment because the manufacturing process is 
different. The basic difference between the two processes is 
the chemical agent used in the reaction with the ore and this 
has a significant impact on the conventional and 
nonconventional pollutant parameters, such as acidity, 
suspended and dissolved solids, sulfate, chloride, and iron 
(ferrous vs. ferric). 

Thus, the toxic pollutants found at potentially significant 
levels in the raw waste during sampling of Titanium Dioxide 
Sulfate process plants (Section 14.10. 3) are also presented 
here to be used as the basis for evaluating the 
pollutant characteristics of the Titanium Dioxide-Chloride 
Ilmenite process. 

Maximum Concentrations Observed 
(ug/1) 

Screening 
Pollutant (Plants ¥,555 & f.559) 

Chromium 
Nickel 
Zinc 
Lead 
Copper 
Cadmium 
Selenium 
Antimony 
Thallium 
Arsenic 

124,000 
6,400 
3,800 
3,700 
1,500 

462 

340 
340 

20 
19 
11 

Verification 
(Plant ¥559) 

31,000 
1,300 

17,000 
5,200 
1,000 

12 
< 20 

1,400 
41 

340 



The only organic toxic ·pollutant found during the screening 
program was phenol which was observed at only one of the two 
plants sampled. The maximum raw waste concentration of 
phenol was 0.020 mg/1, however, the raw water source for the 
plant contained as much as 0.007 mg/1. Therefore, phenol is 
not considered a significant or process-related pollutant 
because it is well below the concentration which is treatable. 

Daily raw waste loads were calculated from the flow rates 
measured or estimated at the time of sampling and the measured 
pollutant concentrations. That is, 

Daily loading (as kg of pollutant per day} = (C) (Q) 
1000 

Where the concentration (C) of the pollutant is 
in units of mg/1. (Note: 1 kg/m3 = 1000 mg/1), and 
rate (Q) is expressed in units of m3/day (m3, a cubic 
equal to 264 u.s. gallons). 

Similarly, the unit loadings were calculated 
reported Ti02 production rate (P), the waste stream 
(Q), and the measured pollutant concentrat~on (C). 

expressed 
the flow 

meter, is 

from the 
fiow rate 

Unit loading (as kg of pollutant per kkg of Ti02) = (C) (Q) 
lOOO(P) 

where C and Q are expressed in the same units described above, 
and the production (P} is expressed in units of kkg/day (kkg is 
1000 kg, a metric ton, which, is equal to 2205 lbs). 

A summary of daily and unit per unit of production raw 
waste loads for the plants sampled is presented in Table 14-38 
and the individual plant averages are given in Table 14-39. 

The estimated total annual raw waste water load of toxic 
pollutants generated by the'Chloride-Ilmenite Process is given 
below. 

Pollutant 

Chromium 
Nickel 
Zinc 
Lead 
Copper 
Cadmium 
Antimony 
Thallium 
Arsenic 
Selenium 

Total Annual Raw Waste Water Load 
(kg/year) 

463 

1,050,000 
42,000 

178,000 
94,000 
44,000 

9,900 
58,000 

2,900 
99,000 
16,000 
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'rnBLE 14-38. SlMIARY CF RAW WISTE IDAD~ FCXm IN SCREENING HID VERIFICATIOO SAMPLING 

SUBCATEOORY 

Pollutant 

Priority 

Antinaly 

Arsenic 

cadmiun 

<lu:aniun 

Copper 

lead 

Nickel 

Selenimt 

'lballiun 

Zinc 

Conventional 

TSS 

Il:on 

TI'l'l\NIW DIOXIDE - SUU'ATE PRXESS (l!Wlied to ClllOride Iln'enite Prcx:ess) 

IDading Range 
(kg/day) 

Min:inun Maxinun Minimml 

5.0 28 0.032 

1.9 4.0 0.012 

0.068 7.2 0.00044 

140 530 1.1 

8.2 19 0.065 

3.0 65 0.024 

3.7 23 0.029 

7.6 9.5 0.0020 

0.47 1.3 0.0030 

1.8 85 ,0.014 

Unit Loading 
(kg/kkg) 
Average 

0.11 

0.19 

0.019 

2.0 

0.085 

0.18 

0.080 

0.031 

0.0055 

0.34 

320 

600 

Maximun 

0.22 

o.032 

0.057 

3.4 

0.12 

0.42 

0.15 

0.06 

0.0080 

a..55 

No. of 
Plants {1) 

3 

3 

3 

3 

3 

3 

3 

2 

2 

3 

1 

1 

(1) - Data are taken only f:rom those plants where pollutants were found above detection limits, or 
in the case of TSS and Iron, where data are available. 



TJ\BLE 14-39. TOXIC POLIUrl\Nl' AVERI\GE RI\W WASTE Ul!\00 AND <nKENTRATIOOS 

SUBCATEOORY TrfANirn DIOXIIE - Sulfate Process (Applied to Chloride Ilmenite Process) 

Screening Verification 

Plant 1555 Plant 1559 Plant 1559 
(rrg/1) (kg/kkg) (ug/1) (kg/kkg) (ug/1) (kg/kkg) 

Antinony 0.77 0.22 0.16 0.080 0.074 0.032 
~ 
0'\ Arsenic 0.11 0.032 0.029 0.014 0.028 0.012 U1 

Cadmi.un 0.29 0.057 0.002 0.0009 0.0010 0.00044 

Chraniun 3.8 1.1 7.0 3.4 3.1 1.4 

Copper 0.20 0.065 0.25 0.12 11. 0.070 

Iead 0.075 0.024 0.20 0.10 0.96 0.42 

Nickel 0.091 0.029 0.31 0.15 0.14 0.061 

Selenium NA < 0.06 NA NA 0.005 0.002 

'lballium NA NA 0.02 0.008 0.007 0.003 

Zinc 0.088 0.014 1.1 0.55 1.04 0.45 

NA := Not Available 



Section 5.1.2 of this report described the scope and 
methodology of the sampling program and Section 14.10.3 
indicates the size of the analytical data base on toxic 
pollutants for the sulfate process segment. This is the 
basis for selecting pollutants of concern in the chloride
ilmenite segment of the Ti02 subcategory. 

14.18 POLLUTION ABATEMENT OPTIONS 

14.18.1 Toxic Pollutants of Concern 

Rationale for selection of the toxic pollutants of 
concern is presented in Section 14.11.1 for the sulfate process 
industry. The sampling data evaluations resulted in the 
selection of chromium, zinc, nickel, lead, copper, antimony, 
arsenic, and cadmium on the basis of raw waste maximum 
concentrations and total annual industry loads. 

The major impurity found in the various grades of raw 
material is ferrous iron as shown in Table 14-19. In the 
sulfate process the unwanted iron remains largely in the 
ferrous state and may be crystallized out of the acid waste 
streams and sold as coppers (ferrous sulfate). In the 
chloride-ilmenite process, the same ore impurity is largely 
oxidized to the ferric state during the chlorination step. 
This appears in the acid waste streams as ferric chloride 
{FeC13) in the amounts indicated in Table 14-38. 

Iron, in either the ferrous or ferric state, is classified 
as a nonconventional pollutant. However, when present in large 
amounts, such as it is in the Ti02 industry, it can be a 
considerable aid to toxic metal removal in treatment systems 
designed to take advantage of coprecipitation processes. 

14.18.2 Process Modifications and Technology Transfer Options 

The comments made in regard 
Chloride Process for rutile and 
14.4.2 are generally applicable 
Process. 

14.18.3 Best Management Practices 

to the 
upgraded 
to' the 

Titanium Dioxide
ores in Section 
Chloride-Ilmenite 

Storm water runoff from the plant site should be 
for the removal collected and sent to the treatment facility 

of suspended solids. 
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14.18.4 Prevailing Control and Treatment Practices 

The three chloride-ilmenite plants from which the water 
use and waste source information was obtained all handle the 
disposal of the concentrated process waste stream separately 
by either ocean dumping or oeep well injection. The 
availability of either of these methods of disposal for a 
particular plant is a matter handled on a case-by- case basis 
by the appropriate regulatory agencies from which various 
approvals and permits are required under the Marine 
Protection, Research and Sanctuaries Act of 1972 for ocean 
disposal or by state and local authorities for deep well 
injection. For the purpose of developing the model plant 
concept and specifying a generally applicable· waste treatment 
technology for the chloride-ilmenite industry, for the purpose 
of this study the assumption has been made that neither the 
ocean dumping nor the aeep well in]ection disposal options 
are generally available, and that the concentrated process 
waste stream is, therefore, included in the raw waste influent 
to the model plant waste water treatment system. 

In practice, one plant disposes of the entire metal 
chloride, HCl, and TSS waste by ocean dumping. The remainder of 
the plants dispose of the concentrated waste by deep well 
injection after use of surface lagoons for removal of settleable 
solids. 

The dilute process waste streams are segregated to the 
extent possible from noncontact sources and treated in 
conventional in-plant systems utilizing equalization and spill 
diversion facilities followed by lime 
neutralization/coagulation, solid separation in a settling 
pond, and final discharge of the treated effluent. Chemical 
coagulating agents such as ferric chloride and alum may be 
used either before or after pH control as an aid in the removal 
of metal hydroxides and other suspended solids. 

14.18.5 Advanced Treatment Technology 

Advanced treatment technology options for in-plant 
treatment of process wastes have been evaluated as possible 
polishing step additions to a conventional system for 
equalization, neutralization, and clarification in ponds 
prior to discharge. Such options include: 

1. Aeration for a) decarbonization if limestone is -used 
for neutralization, and b) ferrite coprecipitation, assuming 
that sufficient ferrous iron is aleady present or is added to 
the system as needed (the latter may also be accomplished by 
adding scrap iron to the acid wastes) • 
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2. An alkaline precipitation step 
conditions for metal hydroxide precipitation, 

under optimum 
i . e • pH 9 -10 • 

3. Dual-media filtration for additional removal of 
suspended solids including toxic metal hydroxides. 

4. Sulfide precipitation for additional toxic metal removal 
followed by filtration. 

5. Other metal removal technologies including xanthate 
precipitation, ion exchange, and membrane applications, all of 
which were regarded as categorically inappropriate from a 
practical and ~conomic point of view. 

14.19 SELECTION OF APPROPRIATE TECHNOLOGY AND EQUIPMENT 

14.19.1 Technologies for Different Treatment Lev~ls 

Leve1 1 (BPT) 

Figure 14-16 shows the model treatment system chosen for 
this · subcategory. Calcium carbonate (limestone) is used 
to neutralize the concentrated acid waste stream. The 
priority pollutants are precipitated in the first stage 
thickeners. Aeration then oxidizes any ferrous iron present 
and removes C02 before mixing with dilute and 
miscellaneous plant wastes. The combined stream is then given 
lime treatment to pH 9-10 for additional toxic metals removal 
and settled in polishing lagoons before discharge. This 
treatment system is patterned after the model plant BPT 
waste water treatment technology for the sulfate process as 
presented in this report. 

This technology was used as the treatment model for BPT 
regulations because of the similarity of wastes to those in the 
Ti02-Sulfate Process industry. This technology is available 
and, to some degree, already employed in the Ti02-Chloride
Ilmenite industry. The proposed BPT treatment would remove 
greater than 95 percent of the major pollutants of concern 
including toxic metals according to preliminary treatability 
estimates. 

Level 2 (NSPS) 

Level 2 treatment adds dual-media filtration to the 
Level 1 technology for additional removal of ~uspended solids 
and toxic metal hydroxides following the alkaline 
precipitation and settling steps. The flow diagram for Level 
2 is shown in Figure 14-17. This level of treatment was 
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Pigure 14-17. Level 2 waste water treatment for titanium dioxide - chloride 
(ilmenite ore) process. 
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selected as 
relatively 
metals. 

the basis for 
economical method 

NSPS because 
for removing 

it provides a 
addi tiona! toxic 

14.19.2 Equipment for Different Treatment Levels 

Equipment Functions 

Unlike treatment of the waste waters from the Ti02 
Sulfate Process, limestone neutralization of the Chloride
Ilmenite Process waste waters does not generate large 
quanti ties of solids (e.g., 'gypsum) which require mechanized 
separation and transfer to sizable on-site or off-site 
disposal areas. The solids that are generated from TSS and 
metal precipitate separation can be collected in moderate 
sized lagoons and periodically transferred to appropriate 
chemical landfill disposal sites in accordance with the 
Resource Conservation and Recovery Act (RCRA) (as amended, 
42 USC 6901, et seg.) • The Level· 1 treatment model 
includes rail car deliveries of ground limestone amd line, 
bucket elevators, storage bins, multiple reactors and chemical 
feeders, mechanical aerators and thickeners for solids 
removal. The clarified overflow is treated with lime for 
addi tiona! toxic metals removal and settled in a one-day 
polishing pond prior to final pH adjustment, monitoring and 
discharge. 

Chemicals and Chemical Handling 

First stage neutralization utilizes ground limestone 
while lime is used for second stage neutralization and final 
alkaline precipitation. Oxygen is supplied as air and 
treatment chemicals may be added as required for removal of 
precipitated metals and bther suspended solids. Asi'de from 
the large scale bulk chemical handling requirements for 
limestone and lime, there are no particular hazards 
involved. 

Disposal. of Solids 

Periodic removal of solids from settling impoundments 
will require compliance with RCRA regulations as applicable to 
on-site or off-site chemical disposal site operation. 
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14.20 TREATMENT COST ESTIMATES 

14.20.1 General Discussion 

Preliminary cost estimates hae been prepared for Level 1 
(BPT) treatment only. Final cost estimates, including those 
for Level 2 (NSPS) will be prepared prior to final 
promulgation of the regulations. The model plant 
specifications given below were utilized for preliminary cost 
estimating and for development of, the proposed regulations. 

Production 

There are three plants at different locations producing 
(or capable of producing) titanium dioxide by the combined 
ilmenite ore beneficiation chlorination process. Annual 
capacity of these plants varies from 136,000 metric tons to 
207,000 metric tons. For treatment cost estimates, four 
production levels were selected. These were 35,000 kkg/year, 
70,000 kkg/year, 113,750 kkg/year, and 157,500 kkg/year. 

Waste Water Flows 

Waste water is typically segregated into two streams~ 
strong acidic waste water flow from beneficiation -chlorination 
of ilmenite ore and air emission scrubbing facilities, and 
the other waste water from process reactions, washings, 
product transport, cooling tower blowdown, water treatment 
blowdown, and other operations. For the model plants, a unit 
flow of 6 m3/kkg of product for the concentrated acidic waste 
water and 114 m3/kkg of product for the dilute wastes is used. 
The treatment system is designed to handle a total flow of 120 
m3/kkg of product (Table 14-36). 

NSPS model plant, a unit flow of 6 m3/kkg of 
the concentrated acidic waste water is used. 

improved design which allows for recycle 
more efficient process water utili~~tion, 

For the 
product for 
Because of 
systems and 
dilute waste 
combined waste 
(Table 14-36) • 
plus dual, media 

Pollutant Load 

water is considerably reduced. The total 
water flow of 31 · m3/kkg of product is used 
The treatment system is Level 2 which is BPT 
f il tr at ion. 

The principal pollutants occurring in the waste waters are 
TSS, iron, chromium, zinc, and hydrochloric acid. For the 
model plants, the following unit pollutant loads have been 
considered: 
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TSS 
HCl 
Iron 
Chromium 
Zinc 

175 kg/kkg of Ti02 
230 kg/kkg of Ti02 
375 kg/kkg of Ti02 
1.4 kg/kkg of Ti02 
0.5 kg/kkg of Ti02 

The loading values for TSS, HCl, and iron are based on 
data submitted by industry on the chloride-ilmenite 
process. The chromium loading is an estimated average 
derived from a wide range of ilmenite ore qualities and the 
zinc loading is taken from the screening and verification 
data on the Ti02 sulfate'process. 

Chemical Usage 

In the model BPT system, po.w.dered limestone is used for 
first stage .neutralization of strong acidic waste flow at the 
unit rate of 302 kg/kkg of Ti02. Pebble lime (CaO) is used for 
second stage neutralization of the mixed acidic and other waste 
waters and final neutralization of the total combined flows. 
Lime is used at the unit rate of 42 kg/kkg of Ti02. 

Solid Waste 

The solids produced in the treatment facility consist of 
iron hydroxides, the original suspended solids introduced in 
the influent and solids derived from the treatment chemicals 
added for neutralization. The total solios produced in the 
model plant are assumed to be 990 kg/kkg of Ti02. 

14.20.2 Model Plant Control and Treatment Costs 

- The estimated costs for 
production levels are given 
and 14-43. 

four models having different 
in Tables 14-40, 14-41, 14-42, 

Table 14-44 presents a summary of 
distribution between amortization and 
maintenance cost components at different 

the unit 
operation 

productions 
BPT level of treatment. 

cost 
and 

at the 

For existing sources at the first level of treatment, 
the disposal of sludges is on-site, hence land requirements 
are fairly large. Amortization, chemicals, labor, and residual 
waste disposal costs have significant impact on the annual 
costs. 

The unit waste flow of 6 m3/kkg of product for the 
concentrated acidic waste water stream is the same for BPT and 
NSPS systems. The NSPS treatment technology is the same as 
BPT, but the total combined acidic and dilute waste water 
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A. 

TABLE 14-40. MJDEL PLANT TREATMENT COSTS 

SUbcategory TITANIUM DIOXIDE Chloride-!1. Ore 

Production 

Waste water flow 

35,000 metric tons per year 
100 rretric tons per day 

12,000 cubic rreters per day. 

(38,587 tons per year) 
(110 tons per day) 

INVESTMENT COST 

LE'ilEL OF TREATMENT* 

FIRST 

Const.ruction ••••••••• 
Equiprent in place, 
including piping, 
fittings, electrical 
"WOrk and controls ••••• 
M:mitoring equipnent 
in place ....•.•••.•... 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
!and •••••••••••••••••• 

TOI'AL INVESTMENT COST 

$300,500 

696,500 

9,000 

201,200 

201,200 

---~2~LQQQ 

$1,660,400 

B. OPERATION AND 
MAINTENANCE COST 

Labor and supervision. 
Erlergy •••••••••••••••• 
Chemicals ••••••••••••• 
l-1a.inte.Ilance • •••••••••• 
Taxes and insurance ••• 
Residual waste 
diSJ?C>Sal •••••••••••••• 
Monitoring, analysis 
and reporting ••••••••• 

TOl'AL OPERATION AND 
MAINI'ENANCE COST 

C. MI.ORTIZATION OF 
INVES'IMENT COST 

TOI'AL .ANNUAL COST 

$336,000 
31,000 

260,000 
140,840 

49,812 

105,000 

___ _!2LQQQ 

$937,652 

$1,166,798 

*First level represents the base cost of treatment system. 
Other levels represent the incremental cost above base cost • .. 
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TABLE 14-41. IDDEL PLANT TREATMENI' COSTS 

Subcategory TITANIUM DIOXIDE Chloride-Il. Ore 

Production 

Waste water flow 

70, 000 netric tons per year 
200 metric tons per day 

24,000 cubic meters per day. 

(77 ,175 tons per year) 
(220 tons per day) 

LEVEL OF TREATMENT * 

A. INVESTMENT COST 

Construction ••••••••••• 
Equip:nent in place, 
including piping, 
fittings, electrical 
work and controls •••••• 
funitoring equipment 
in place .... o •••••••••• 

Engineering design 
and inspection ••••••••• 
Incidentals, overhead, 
fees, contingencies •••• 
Iand ..••..•.••••••••••• 

TarAL INVESTMENT COST 

B. OPERATION AND 
MAINI'ENANCE COST 

Labor and supervision. 
Erl.ergy • .•••••••••••••• 
Cl:lernicals • ••..•••.•••• 
Maintenance ....•...... 
Taxes and insurance ••• 
Residual waste 
diSJ?C>Sal • .••.••••..••• 
Monitoring, analysis 
and reJ?C>rting ••••••••• 

TOTAL OPERATION AND 
MAINTENANCE COST 

C. AMORI'IZATION OF 
INVESTMENT COST 

TOI'AL ANNUAL COST 

FIRST 

$387,500 

865,000 

9,000 

252,300 

252,300 
492,000 

$2,258,l00 

$504,000 
43,000 

510,000 
176,610 
67,743 

105,000 

15,000 

$1,421,353 

$287,344 

$1,708,697 

*First level represents the base cost of treatment system. 
Other levels represent the incrercental cost above base cost. 
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TABLE 14-42. MODEL PLANT TREATMENT COSTS 

Subcategory TITANIUM DIOXIDE Chloride-Il. Ore 

Production 113, 750 metric tons per year (125,409 tons per year) 
(358 tons per day) 325 metric tons per day 

Waste water flow 39,000 cubic meters per day. 

A. INVES'IMENT COST 

Construction ••...•.••. 
Equiprent in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
M::>nitoring equiprent 
in place •.••..•.•••.•• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Ia.rld •••••••••••••••••• 

TOI'AL INVESTMENT COST 

B. OPERATION AND 
MAINTENANCE COST 

Labor and supervision. 
Energy-•••••••••••••••• 
Olernicals ••••••••••••• 
Maintenance •••.•...•.. 
Taxes and insurance ••• 
Residual waste 
dis.J.?C)sal • •••.•••••••.• 
MJnitoring, analysis 
and re.J.?C)rting ••••••••• 

TOTAL OPERATION AND 
MAINTENANCE COST 

C. MDRriZATION OF 
INVES'IMENT COST 

TOI'AL ANNUAL COST 

LEVEL OF TREATMENT* 

FIRST 

$508,000 

1,179,500 

9,000 

339,300 

339,300 
___ ,Z~QLQQQ 

$3,155,100 

.$588,000 
62,000 

823,000 
237,510 
94,653 

210,000 

----1~LQQQ 

$2,030,163 

__ £2!!~L~~!! 

$2,416,591 

* First level represents the base cost of treatment system. 
Other levels represent the incremental cost above base cost. 
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TABLE 14-43. MODEL PLANT TREATMENT COSTS 

Subcategory TrrANIUM DIOXIDE Chloride-Il. Ore 

Production 

Waste water flow 

157,500 metric tons per year 
450 metric tons per day 

54,000 cubic meters per day. 

(173,643 tons per year) 
( 496 tons per day) 

--------------------------------------------------------------------------~----

A. INVESTMENT COST 

Construction •••••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls ••••••• 
Monitoring equi:r;nent 
in place .•.••......•.•.. 
Engineering design 
and inspection •••••••••• 
Incidentals, overhead 
fees, contingencies ••••• 
Iand •••••••••••••••••••• 

TarAL INVESTMENT COST 

B. OPERATION AND 
MAINTENANCE COST 

Labor and supervision. 
Energy ••.•. .•••••••••• 
Chemicals ............ . 
Maintenance ....•.•..•. 
Taxes and _insurance ••• 
Residual waste 
diSI?C>S?aJ.:.. • • • • • • • • • • • • • 
M::mitoring, analysis 
and reporting ••••••••• 

TarAL OPERATION AND 
MAINI'ENANCE COST 

C. AMORTIZAXION OF 
INVES'IMENI' COST 

TarAL ANNUAL COST 

LEVEL OF TREATMENT* 

FIRST 

$638,000 

1,356,000 

9,000 

400,600 

400,600 
1,080,000 

$3,884,200 

$588,000 
71,000 

1,141,000 
280,420 
116,526 

210,000 

_____ !~.!.QQQ 

$2,421,946 

---~~~~.!.~~~ 
$2,878,189 

*First level represents the base cost of treatment system. 
Other levels represent the incremental cost above base cost. 
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TABLE 14-44. IDDEL PLANT TREATMENT COSTS 

Subcategory TITANIUM DIOXIDE Chloride-Il. Ore 

Annual Operation 
and Maintenance 

Annual 
Arrortization 

Total Cost 

PRODDCriON' F'.LCW 
(kkg/yr) (m3jday) 

35,000 12,000 
70,000 24,000 

113,750 39,000 
157,500 54,000 

35,000 12,000 
70,000 24,000 

113,750 39,000 
157,500 54,000 

35,000 12,000 
70,000 24,000 

113,750 39,000 
157,500 54,000 

LEVEL OF TREATMENI' 

FIRST SECOND 'llURD 

26.79 Not Applicable 
20.31 
17.85 
15.38 

6.55 
4.10 
3.40 
2.90 

33.34 
24.41 
21.24 
18.27 
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flow for NSPS system is much less than BPT model; however, 
the reduced flow has negligible impact on costs because the 
unit waste loads are the same. There is insignificant 
difference in the estimated total annual costs per kkg of 
product between BPT and NSPS levels of treatment for the model 
plant designs. 

14.21 BASIS FOR REGULATIONS 

14.21.1 Evaluation of BPT Treatment Practices 

The prevailing control and treatment practices in the Ti02 
Chloride-Ilmenite industry have been reviewed in Section 
14 .18. 4. For the purpose of regulatj._ons development, it has 
been assumed that neither ocean dumping nor deep well 
injection methods are generally available as disposal options 
for all or any portion of the process-related wastes. Thus, 
treatment technology used in the Ti02-Sulfate Process Segment 
of the industry has been used as the basis for the proposed 
regulations. 

14.21.2 Basis for Proposed BPT Effluent Limitation 

Technology Basis 

The Agency is proposing BPT limitations based on 
technology used in the Ti02-Sulfate Process industry (Section 
14.14. 2) involving equalization, limestone neutralization, 
clarification, aeration, alkaline precipitation, and settling 
followed by final pH adjustment and discharge. The rationale 
for the selection of Level 1 technology is given in Section 
14.19.1. 

Flow Basis 

The BPT model plant fl·ow rate is based on the reported 
average process contact and clean up waste water flow at Plant 
f237 of 120 m3/kkg as indicated in Table 14-36. 

Selection of Pollutants to be Regulated 

The selection of pollutants to be regulated in the Ti02 
Chloride-Ilmenite industry is based on the analysis of raw waste 
maximum concentrations and total industry loadings as presented 
in Section 14.3.3. The significant toxic pollutants include: 
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Chromium 
Zinc 
Nickel 
Lead 
CopJ?er 
Ant1mony 
Arsenic 
Cadmium 

Each of these pollutants was present at least once in raw 
waste water at a maximum concentration level · regarded as 
treatable in accordance with the appropriate treatability 
estimates presented in Table 8-11. Although arsenic is a 
borderline case with an observed maximum of 0.34 mg/1, it is 
regarded as a candidate for regulation based on alkaline 
precipitation technology. All of the other pollutants 
identified here as significant are definately treatable by this 
technology. 

This selection follows the same logic presented in 
Section 14.14.2 for the Ti02-Sulfite Process. At the BPT 
level, the Agency is also proposing limitations on Total 
Suspended Solids (TSS) and iron which are classified as 
conventional and nonconventional pollutants, respectively. 

the 
data 
(52) • 

Conventional and nonconventional parameters -

A. pH: The treated effluent is to be controlled within 
range of pH 6.0 to 9.0. This limitation is based on the 

presented in Appendix B of this report and the JRB study 

B. TSS and iron: The analysis of long term monitoring 
data from Plant #559 (Table 14-30) indicates an achievable 
long-term average of 21 mg/1 for TSS and 0. 62 mg/1 for iron 
(total) • 

For TSS, the proposed maximum 30-day average limitation 
is derived from the long term average, the variability factor 
of 3.0 for 30-day averages (rounded off from 3.04 in Table 
14-30), and the BPT model plant flow rate of 120 m3/kkg. 
The proposed TSS maximum 30-day average concentration basis is 
given by: 

(3.0) (21 mg/1) = 63 mg/1 

and the proposed TSS maximum 30-day average by: 

(63 mg/1) (120 m3/kkg)( kg/m3 ) 
\JOOO mg/1 

= 7.6 kg/kkg 
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With a variability factor ratio (VFR) of 3.6, the 
corresponding proposed TSS daily maximum limitation is given by: 

(3.6} (7 .6 kg/kkg) = 27 kg/kkg 

and the TSS daily maximum concentration basis is: 

(63 mg/1} (3.6) = 230 mg/1 

Similarly for iron, the concentration basis for the 
proposed maximum 30-day average limitation is derived from the 
long term average and a variability factor of 4.0. The 
proposed iron maximum 30-day average (Table 14-31) concentration 
are given as: 

(4.0} (0.62 mg/1} = 2.5 mg/1 

and the proposed iron limitation is: 

iron 
(VFR) 

(2.5 mg/1} (120 m3/kkg)( kg/m3 ) 
, · ' 1000 mg/1 
= 0.30 kg/kkg 

The corresponding proposed daily maximum limitation for 
is determined by applying the variability ,f,actor ratio 
of 3.4 as follows: 

(3.4) (0.30 kg/kkg·) = 1.0 kg/kkg 

and the iron daily maximum concentration basis is: 

( 3. 4) ( 2. 5 mg/1) 8.5 mg/1 
' ' 

The proposed BPT limitations are presented in Table 14-45. 

Toxic Pollutants - For the Ti02 Chloride-Ilmenite process, 
the proposed l1m1 tations on the toxic metals found at 
significant concentrations are based on estimates of 
achievable 30-day , average concentrations as presented in 
Table 8-11 because no directly applicable industry treatment 
performance data are available. The lower· limits of 
treatability shown for lime/settlng are taken as the 
concentration bases for the proposed maximum 30-day average 
l'imi tations on the various toxic . metals. The variability 
factor ratio (VFR) used for each pollutant is identical to 
the value derived from long-term monitoring data on Plant ~559 
presented in Table 14-31. 

A. 
maximum 

Antimony: The concentration 
30-day average limitation 
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TABLE 14-45. PROPOSED LIMITATIONS 
Titanium Dioxide - Chloride Process Using Ilmenite 

Best Practicable Control Technology CUrrently Available 
Waste Water Flow: 120 m3 /kkg 

Estimated VFR(l) 
Concentration Basis Effluent Limit 

Pollutant Treatability (mg/1) (kg/kkg) 

(mg/1) ~ax 24-hr Max 
30-day max. 30-day 

Avg Avg 

Conventional and 

Nonconventional 

Pollutants 

Total Suspended 21 (2) 3.6 63 230 7.6 
Solids 

0.62 (2) Iron 3.4 2.5 8.5 0.30 

Toxic Pollutants 

1\nti.rrony ( 6) 0. 80 (3) 1.9 (4) 0.80 1.5 0.096 

Arsenic (6~ o.5o< 3> 1. 9 (5) 0.50 0.95 0.060 

cadmium ( 6) 0·.10 (3) 1.6 (4) 0.10 0.16 0.012 

Chrcrnium ( 6) 0.10 (3) 1.9 (4} 0.10 0.19 0.012 

Copper (6) o.5o(3) 1.9 (4) 0.50 0.95 0.060 

Iead (6) 0. 30 (3) 1.5(4} 0.30 0.45 0.036 

Nickel(6} 0.20 (3) 1.9(4) 0.20 0.38 0.024 

Zinc (6) o.5o< 3> 2.1<4> 0.50 1.1 0.060 

(1) - VFR: ratio of the 24-hr(daily) variability factor to the 30-day 
average variability factor 

(2) - I.ong tenn average from Plant #559 rronitoring data(Table 14-31) 

24-hr 
max. 

27 

1.0 

0.18 

0.11 

0.019 

0.023 

0.11 

0.054 

0.046 

0.013 

(3) - Estimated lower limit of treatability as ·a 30-day average(Table 8-11) 

(4) - Based on long tenn data fran Plant #559 (Table 14-30) 

(5) - Set equal to the VFR for anti.rrony 

( 6) - Applicable to proposed BAT and PSES l.irni tations. 
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treatability, 0.8 mg/1, from Table 8-11. 
model plant flow rate of 120 m3/kkg. 

Applying the BPT 

The proposed antimony limitation is given by: 

(0. 80 mg/1) (120 m3/kkg) ( kg/m3 ) 
'1000 mg/1 

= 0.096 kg/kkg 

and, by applying the VFR value of 1.9, the proposed antimony 
daily maximum limitation is, 

(1.9) (0.096 kg/kkg) = 0.18 kg/kkg. 

for which the corresponding concentration is: 

(1.9) (0.80 mg/1) = 1.5 mg/1 

B. Arsenic: For arsenic, the lower limit of treatability 
is 0.50 mg/1. Although long-term monitoring data on arsenic are 
not available, arsenic is expected to behave in a manner 
similar to antimony during lime treatment and for this 
reason, the same VFR value of 1.9 is utilized. 

Thus, the proposed arsenic maximum 30-day average 
limitation is given by: 

(0.50 mg/1) (120 m3/kkg)( kg/m3 ) 
1000 mg/1 

= 0.060 kg/kkg 

and the proposed antimony daily limitation by: 

(1.9) (0.060 kg/kkg) = 0.11 kg/kkg 

c. Cadmium: The lower limit of treatability for cadmium 
is estimated at 0.10 mg/1 as a 30-day average (Table 8-ll). 
Using this value as the concentration basis, the proposed 
cadmium maximum 30-day limitation is given by: 

(0.10 mg/1) (120 m3/kkg)( kg/m3 ) 
1000 mg/1 

= 0.012 kg/kkg 

and the proposed cadmium daily maximum limitation is 
obtained by applying the VFR value of l. 6 from Table 14-31. 
That is: 

(1.6) (0.012 kg/kkg) = 0.019 kg/kkg 
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D. Chromium: The proposed chromium limitations are 
based on an estimated 30-day average treatability limit of 
0.10 mg/1 using lime/settling treatment. The achievability 
of this concentration level is predicated on the assumption 
that chromium is in the trivalent state and no significant 
amount of the hexavalent form is present. 

Thus, the proposed chromium maximum 
limitation is given by: 

(0.10 mg/1) (120 m3/kkg)( kg/m3 ) 
\).000 mg/1 

= 0.012 kg/kkg 

30-day average 

and application of the VFR value of 1.9 gives the proposed 
chromium daily maximum limitation as, 

(1.9) (0.012 kg/kkg} = 0.023 kg/kkg. 

E. Copper: Using an estimated lower limit of 
treatability for copper of 0.50 mg/1 and a VFR value of 
1.9, the proposed limitations are identical to those given 
above for arsenic. The proposed maximum 30-day limitation 
is 0.060 kg/kkg and the proposed daily maximum limitation is 
0 .11 kg/kkg. 

F. Lead: The lower limit of treatability for lead is 
estimated at 0. 30 mg/1 as a 30-day average (Table 8-11) • Using 
this value as the concentration basis, the proposed lead 
maximum 30-day average limitation is given by: 

(0.30 mg/1) (120 m3/kkg) { kg/m3 ) 
\iooo mg/1 

= 0.036 kg/kkg 

and, applying the VFR of 1.5 from Table 14-31, the proposed lead 
daily maximum limitation is: 

(1.5) (0.036 kg/kkg) = 0.054 kg/kkg 

G. Nickel: In a similar manner for nickel, the proposed 
limitations , are based on an estimated treatabiliy limit of 
0.20 mg/1 and a VFR value of 1.9. The proposed nickel maximum 
30-day average is given by: 

(0.20 mg/1) (120 m3/kkg)( kg/m3 \ 
1000 mgji} 

= 0.024 kg/kkg 

and the proposed nickel daily maximum is given by: 



(1.9) (0.024 kg/kkg) = 0.046 kg/kkg 

H. Zinc: The estimated treatability limit for zinc is 
the same as arsenic and copper, i.e., 0.50 mg/1, however, a VFR 
value of 2.1 is applied instead of 1.9. 

Thus, the proposed zinc maximum 30-day average limitation 
is given by: 

(0.50 mg/1) (120 m3/kkg){_ kg/m3 ) 
\.1000 mg/1 

= 0.060 kg/kkg 

and the proposed zinc daily maximum is given by: 

(2.1) (0.060 kg/kkg)· = 0.13 kg/kk-g 

The proposed BPT limitations are presented in Table 14-45. 

14.21.3 Basis for Proposed BCT Effluent Limitations 

For BCT, the Agency is proposing limitations for TSS 
equal to the BPT limitations because BAT is equal to BPT. 

14.21.4 Basis for Proposed BAT Effluent Limitations 

For BAT, the Agency is proposing limitations on iron and 
the toxic pollutants based on the application of Level 1 
technology which is equivalent to BPT. The model plant flow 
basis of 120 m3/kkg used for BPT is also used for BAT. The 
proposed BAT limitations are presented in Table 14-45. A more 
advanced technology using soda ash precipitation and recycle of 
waste water was considered for the similar sulfate process but 
was rejected because its performance has not been demonstrated. 

14.21.5 Basis for the Proposed New Source Performance Standards 

Technology Basis 

For NSPS the Agency is proposing limitations based on the 
application of Level 2 treatment technology which adds dual 
media filtration to the BPT system for greater efficiency 
in the removal of suspended solids including iron and 
toxic metal precipitates. 

Flow Basis 

The reported data on process contact and clean-up waste 
water flow at Plant #713 is selected as the basis of a model 
plant for new sources. Process modifications resulting in a 

485 



greatly increased efficiency of water use reduce the average 
flow rate to 31 m3/kkg as shown in Table 14-36. 

Basis for Po11utant Limitations 

Conventional parameters -

A. pH: The 
the range of pH 
data presented in 
{52) • 

treated effluent is to be controlled within 
6.0 to 9.0. This limitation is based on 
Appendix B of this report and the JRB Study 

B. TSS: The concentration basis for the proposed NSPS 
maximum 30-day average limitation is obtained by applying an 
average filtration efficiency of 38 percent removal (41) to the 
corresponding BPT concentration of 64 mg/1 (Table 14-45). That 
is: 

(1. 00-0.38) (64 mg/1) = 40 mg/1: 

Then, the 
obtained 
m3/kkg: 

proposed maximum 30-day average limitation is 
by applying the NSPS model plant flow rate of 31 

( 40 mg/1) (31 m3/kkg)( kg/m3 ) 
1000 mg/1 

= 1.2 kg/kkg 

The proposed TSS daily maximum limitation is determined 
by multiplying this value by the VFR of 3.6 (Table 14-31), 
namely: 

(3.6) (1.2 kg/kkg) = 4.3 kg/kkg 

and the daily maximum concentration basis is: 

(3.6) (40 mg/1) = 140 mg/1 

The same VFR that was used in developing the proposed BPT 
limitations is also used for NSPS because the actual 
variability · of the BPT system with added filtration is 
expected to be somewhat less than the statistically derived 
VFR for BPT. 

The proposed NSPS limitations are presented in Table 14-46. 

Nonconventional pollutants - The 
pollutant of concern is iron. For 
proposing a maximum 30-day average 
average filtration efficiency of 38 
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TABLE 14-46. PROPOSED LIMITATIOOS 
Titanium Dioxide - Chloride l?rocess Using Ilmenite 

New Source Performance Standards* 
Waste Water Flow: 32 m3 /kkg 

Concentration Basis Effluent Limit 

Pollutant Estimated 
(2) VFR(l) (mg/1) (k~s> 

Treatability Max 24-hr Max 24-hr (mg/1) 30-day max. 30-day max. 
A A Vi 

Conventional and 

Nonconventional 

Total suspended 40 3.6 40 140 1.2 4.3 
Solids 

Iron 1.6 3.4 1.6 5.4 0.050 0.17 

Toxic Pollutants 

AntimJny ( 3) 0.80 1.9 0.80 1.5 0.025 0.048 

Arsenic (3) 0.50 1.9 0.50 0.95 0.016 0.030 

ca&nium(3) 0.075 1.6 0.075 0.12 0.0023 0.0037 

Chromium ( 3) 0.040 1.9 0.040 0.076 0.0012 0.0023 

Copper( 3) 0.29 1.9 0.29 0.55 0.0090 0.017 

Lead (3) 0.060 1.5 0.060 0.090 0.0019 0.0029 

Nickel (3) 0.17 1.9 0.17 0.32 0.0053 0.010 

Zinc( 3) 0.47 2.1 0.47 0.99 0.015 o·.o32 

(1) - VFR: ratio of the 24-hour daily variability factor to the 30-day 
average variability factor. 

(2) - Based on the application of pollutant - specific removal efficiencies 
for dual-media filtration (41} to adjust the BPI' performance on 
treatability estimates sh:Jwn in 30-day average concentrations in 
Table 14-45. ' 

* Including pre+-..reat.rrent standards for new sources (PSNS) covering iron 
and toxic metals which are expressed as concentrations. 

( 3) - Applicable to proposed PSNS limitations. 
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Thus, the appropriate concentration basis is derived from the 
corresponding concentration basis of 2.5 mg/1 of iron used for 
the BPT maximum 30-day average {Table 14-45) . That is: 

(1.00-0.38) (2.5 mg/1) = 1.6 mg/1 

and the limitation proposed for NSPS is: 

(1. 6 mg/1) (31 m3/kkg)( kg/m3 ) 
\. 1000 mg/1 

= 0.050 kg/kkg 

Again, applying the same VFR value of 3.4 that was used for the 
BPT limitations, the proposed NSPS daily maximum limitation for 
iron is: 

(3.4) {0.050 kg/kkg) = 0.17 kg/kkg 

and the daily maximum concentration basis is: 

(3.4) (1.6 mg/1) = 5.4 mg/1 

Toxic pollutants - The Agency is proposing new source 
performance standards for the eight toxic metals identified at 
significant concentrations during the screening and 
verification sampling program. To the extent possible, a 
specific filtration removal efficiency derived from published 
literature data ( 41) is applied for each toxic pollutant 
parameter. The filtration removal efficiency {percent 
removal) is applied to the estimated lower limit of 
treatability (Table 8-ll) for lime/settling treatment {BPT 
basis) to arrive at the concentration basis for each proposed 
NSPS maximum 30-day average limitations. 

A. Antimony and arsenic: No credit for additional 
removal by filtration is taken for either antimony or 
arsenic because removal data is not available. The Agency is 
proposing NSPS limitations for which the concentration bases 
are identical to those used for the development of BPT 
limitations. Thus, for antimony, the proposed NSPS maximum 
30-day average is given by: 

(0.80 mg/1) (31 m3/kkg)( kg/m3 ) 
1000 mg/1 

= 0.025 kg/kkg. 

and the corresponding daily maximum limitation is obtained by 
applying the VFR of 1.9, that is: 

(1.9) (0.025 kg/kkg) = 0.048 kg/kkg. 
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Similarly, for arsenic the proposed NSPS maximum 30-
day average limitation i~: 

(0.50 mg/1} (31 m3/kkg} ( kg/m3 ) 
1000 mg/1 

= 0.016 kg/kkg 

and the proposed daily maximum is: 

(1.9} (0 .016 kg/kkg) = 0.030 kg/kkg 

B. Cadmium: Employing a filtration removal efficiency of 
25 percent for cadmium (41) results in the following 
concentration basis for the proposed NSPS maximum 30-day average 
limitation: ' 

(1.00-0.25) (0.10 mg/1) = 0.075 mg/1 

Therefore, the proposed limitation is: 

(0.075 mg/1) (31 m3/kkg)( kg/m3 ) 
1000 mg/1 

= 0.0023 kg/kkg 

The corresponding proposed daily maximum limitation: 

(1.6) (0.0023 kg/kkg) = 0.0037 kg/kkg. 

and the daily maximum concentration basis is: 

(1.6) (.075 mg/1) = 0.12 mg/1 

C. Chromium: For chromium the filtration removal 
efficiency is reported to be approximately 60 percent (41) • 

Thus, for the proposed NSPS maximum 30-day average 
limitations, the concentration basis is given by: 

(1 • .00-0.60) (0.10 mg/1) = 0.040 mg/1 

and the proposed NSPS limitation is: 

(0.040 mg/1) (31 m3/kkg)( kg/m3 ) 
1000 mg/1 

= 0.0012 kg/kkg. 

The proposed NSPS daily maximum limitation for chromium 
is then obtained by applying .the VFR value of 1. 9, that is: 

(1.9) (0.0012 kg/kkg) = 0.0023 kg/kkg. 
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and the daily maximum concentration basis is: 

(1.9) (0.040 mg/1) = 0.076 mg/1 

D. Copper: The estimated filtration efficiency for copper 
removal is approximately 42 percent (41). Therefore, 
the concentration basis for the proposed NSPS maximum 30-day 
average effluent limitation is given by: 

(1.00-0.42) (0.50 mg/1) = 0.29 mg/1, 

and the proposed limitation is: 

(0. 29 mg/1) (31 m3/kkg) ( kg/m3 "\ = 
1000 mg/i) 

0.0090 kg/kkg 

The proposed NSPS daily maximum is then obtained by 
multiplying the maximum 30-day average by the VFR value of 
1. 9. That is: ' 

(1.9) (0.0090 kg/kkg) = 0.017 kg/kkg 

and the daily maximum concentration basis is: 

(1.9) (.24 mg/1) = 0.55 mg/1 

E. Lead: Starting with the estimated BPT treatability 
level of 0.30 mg/1 for lead and applying a filtration 
removal efficiency of 80 percent (41), one obtains: 

(1.00-0.80) (0.30 mg/1) = 0.060 mg/1 

This is the concentration basis for the proposeo NSPS maximum 
30-day effluent limitation which is: 

(0.060 mg/1) (31 m3/kkg)( kg/m3 ) 
1000 mg/1 

= 0.0019 kg/kkg 

The proposed NSPS daily maximum limitation for lead is 
then calculated by multiplying the 30-day average limitation 
by the VFR value of 1.5 as follows: · 

(1. 5) ( 0. 0019 kg/kkg) = 0. 0029 kg/kkg 

and the daily maximum concentration basis is: 

(1.5) (0.060 mg/1) = 0.090 mg/1 
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One can determine the concentration basis for the 
proposed daily maximum limitation by applying the VFR to the 
concentration basis for the maximum 30-day average: 

(1.5) (0.060 mg/1) = Oo090 mg/1 

F o Nickel: For nickel the estimated efficiency of 
removal by dual media filtration is approximately 14 percent 
(4l)o Thus, the maximum 30-day average concentration is: 

(lo00-0ol4) (Oo20 mg/1) = Ool7 mg/1 

and the proposed NSPS maximum 30-day 
limitation for nickel is: 

(Ool7 mg/1) (31 m3/kkg)( kg/m3 ) 
1000 mg/1..

= Oo0053 kg/kkg 

average effluent 

The corresponding proposed daily maximum effluent 
limitation is obtained by applying the VFR value of lo9o That 
is: 

(1o9) (0.0053 kg/kkg) = 0.010 kg/kkg 

and the daily maximum concentration basis is: 

(1.9) (0.17 mg/1) = 0.32 mg/1 

G. Zinc: For zinc, the removal efficiency using dual 
media filtration is estimated at approximately 6 percent (41) o 
This value is applied to the BPT concentration basis to 
obtain the NSPS concentration basis as follows: 

(l.OO-Oo06) (0.50 mg/1) = Oo47 mg/1 

Thus, the proposed NSPS maximum 
limitations for zinc is: 

(0.47 mg/1) (31 m3/kkg)( kg/m3 ) 
1000 mg/1 

= Oo015 kg/kkg 

30-day average effluent 

and the corresponding 
obtained by multiplying 
2olo That is: 

proposed daily maximum limitation is 
this limitation by the VFR value of 

(2ol) (0.015 kg/kkg) = 0.032 kg/kkg 

and the daily maximum concentration basis is: 
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(2.1) (0.47 mg/1) = 0.99 mg/1 

The proposed NSPS limitations are presented in Table 14-46. 

14.21.6 Basis for Proposed Pretreatment Standards 

Existing Sources 

The Agency is proposing Pretreatment Standards for 
Existing Sources (PSES) based on Level 1 (BPT/BAT) 
treatment. The pollutants to be limited are iron and the 
toxic metals as indicated in Table 14-45. 

New Sources 

Pretreatment Standards for New Sources (PSNS) are being 
proposed by the Agency on the basis of NSPS treatment 
technology for the Ti02-Chloride-Ilmeni te industry. The 
pollutants to be limited are iron and the toxic metals as 
indicated in Table 14-46. 
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SECTION 15 

ALUMINUM FLUORIDE INDUSTRY 

15.1 INDUSTRY PROFILE 

15.1.1 General Description 

Aluminum fluoride is used as a raw material in the 
production of cryolite (sodium fluoroaluminate), which in turn 
is used in the production of aluminum. Aluminum fluoride is 
used also as a metallurgical flux (for welding rod coatings), as 
a ceramic flux (for glazes and enamels) , and as a brazing flux 
(for aluminum fabrication). 

The industry profile data for this subcategory are given in 
Table 15-1, while the status of regulations is given in Table 
15-2. 

15.1.2 General Process Description and Raw Materials 

In the dry process for the manufacture of aluminum 
fluoride, partially dehydrated alumina hydrate is reacted with 
hydrofluoric acid gas. The reactions is given as: 

Al203 + 6HF = 2AlF3 + 3H20 (1) 

The product, aluminum fluoride, is formed as a pOlid, and 
is cooled with noncontact cooling water before being milled and 
shipped~ The gases from the reactor are scrubbed with water to 
remove unreacted hydrofluoric acid before being vented to the 
atmosphere. A simplified flow diagram of the process is shown 
in Figure 15-1. 

15.2 WATER USE AND WASTE SOURCE CHARACTERISTICS -

15.2.1 Water Use 

Water is used in noncontact cooling of the product, for 
seals on vacuum pumps and for scrubbing the reacted gases before 
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TABLE 15-1. 

ALtlMlNU1 FLUORIDE 

Total subcategory capacity rate 

Total subcategory pxoduction rate 

Nl.mlber of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representin;J capacity 

Representin;J pxoduction 

Plant ptoouction ran;re: 

Min.inalm 

Max:imJm 

Average production 

Median production 

Average capacity utilization 

Plant age range: 

MiiUmum 

Maxim.1m 

Waste water flow range: 

M.i.n:imlm 
Max:lrrum 

Vo1une per unit product: 

Minim.un 

Max:lrrum 

NA 
134 1 700 kkg/year 

5* 

6 

204 1 800 kkg/year 

120 1 000 kkg/year 

NA 

NA 

38 kkg/year 

45,600 kkg/year 

24,300 kkg/year 

35,500 kkg/year 

59 percent 

5 years 

21 years 

539 cubic Ireters/day 

2,200 cubic maters/day 

5 cub~c maters/kkg 

12 cubic maters/kkg 

Sources of data are Stanfom Research Ins"'..itute., Directory of Chanica! 
Producers, u.s.A., 1977, u.s. Department of Cc:mnerce, current IIX!ustrial 
Reports, December 1977~ Energy and EnvirorJrental Analysis, In:::d Draft 
Report, "Prelimina:ry Eoon::rnic Assessnent of Effluent Limitations in the 
Inorganic Chsnical Irdust:ry." J1.1Ile1 1978- and "Eoonomic Analysis of Proposed 
Re~ed Effluent Guidelines and Standards for the Irorganic Chenu.cals Industry 1" 
March, 1980. 

NA = Not A~lable 

* Seven plants were operating at the beginning of ~s study 1 but two closed CJc1..m 
production after 1978. 
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TABLE 15-2 • 

SpBCATEGORY 

SUBPAR!' 

STATUS OF REGULATIONS - EFFLUENT LIMITATION GUIDELINES 

Aluninum Fluoride 

W (40 CFR 415.230, 5/22/75) 

STANDARDS 

* BPCI'CA BATEA* NSPS * 

Product 
Process 

Para
maters 

A1F 3 Fluoride 

TSS 

Aluninum 

* 

1 ' 2 
Max. Avg. Max. Avg. 

kg/kkg kgMg 
<m:r/1) <m:r/1) k~n, k~1 

0.68 0.34 
(40) 3 (20) 

0.86 0.43 
(51) (25) 

0.34 0.17 
(20) (10) 

Sections 415.230, 415.231, and 415.2}2 were revoked by the Agency 
(41 FR 51601, November 23, 1976) .• 

~- = Maximum of aey- one day. 

2Avg. = Maxirnmm average....of daily values for thirty consecutive days. 

3£~ basis 17,000 1/kkg. 
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being vented to the atmosphere. Water is also used for leak and 
spill cleanup and equipment washdown. Table 15-3 summarizes 
water usage in the aluminum fluoride industry. 

15.2.2 Waste Sources 

Noncontact Cooling Water 

Noncontact cooling water is used to cool the product coming 
out of the reactor. In some cases it is recirculated and the 
blowdown treated separately from other process contact waste 
water or it is discharged without treatment. The water can be 
monitored for fluoride and if process contamination occurs, it 
can be diverted to the waste water treatment facility for 
fluoride removal. 

Floor and Equipment Washings \ 

The quantity and quality of waste water generated from 
these operations varies and depend largely on the housekeeping 
practices at the individual plants. 

Scrubber Waste Water 

This is the major source of waste water requiring treatment 
before discharge or recycl,e to the scrubber. It is contaminated 
with hydrofluoric acid, aluminum fluor ide and aluminum oxide, 
and, in some cases, sulfuric acid and silicontetrafluoride have 
been detected. These originate as impurities in the 
hydrofluoric acid used in the process. Table 15-4 presents the 
waste water flows at different facilities in the subcategory. 
Noncontact cooling water is excluded from consideration since it 
normally does not contain pollutants. 

Solid Wastes 

In aluminum fluoride production, hydrofluoric gas and 
solids, such as aluminum trihydrate and aluminum fluoride, 
escape with the vent gases. During scrubbing, the solids are 
suspended in the scrubber water, while hydrofluoric acid gas is 
dissolved. In, the treatment facility, the waste water is 
neutralized with lime and calcium fluoride precipitates out and 
settles with other suspended solids. In the majority of cases, 
the solids are retained in the lagoon for periods up to ten 
years. Table 15-5 gives a summary of the amounts of solids 
generated at two aluminum fluoride plants. 

Different wastes from the aluminum fluoride process are 
intermixed before treatment. As mentioned earlier, scrubber 
water constitutes the major source of waste water in the 
aluminum fluoride subcategory. If the production of aluminum 
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TABLE 15-3. WATER USAGE IN THE .ALUMIJ:\lT.JM FLUORIDE SUBCATEGORY 

Source Water use per unit of production 

3 em /kkg of AlF3) 

Plant Plant (2) Plant Plant 
# 837 # 705 # 188 # 251 (2) 

NOn-contact cooling 14.5 NA (1) 6.95 NA 

Indirect process 12.2 1.15 I:-.1A NA 
contact (pt:Ireps 1 seals 1 

leaks 1 spills) 

l-1aintenance1 e.g. 1.13 2.39 NA 1.02 
cleaning and work area 
washdown 

Scrubber 3.45 8.92 3.46 18.7 

(1) NA = Not Available 

(2) Currently not manufacturing aluminum fluoride. 
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'mBLE 15-4. WASTE WATER FIJ:IfJ AT PLANTS #837, #705 AND #251 
FOR ALill1INUM FLUORIDE SUBCATEGORY 

Source Flow rate per unit of production(l) 

( m3/kkg of AlF3 ) 

Scrubber water 

Maintenance equipment 
cleaning and work area 
wash down 

'lbtal raw waste flow 

Average of above 
three flows 

Plant #837 

3.45 

1.13 

4.58 

Plant #705 (4) 

8. 92 (2) 

2.39 

11.3 

11.9 

Plant #251(4) 

18.7(3) 

1.02-

19.7 

(1) All flow information is from 308 Questionnaires and ~lant visits. Unit 
flow is calculated by dividing waste water flow in m /day by production 
in kkg/day. 

(2) From Table 15-6 (see footnotes which describe basis of information). 

(3) From Table 15-7 (see footnotes which describe basis of information). 

(4) Currently not manufacturing aluminum fluoride. 

TABLE 15-5. 

Plant 

#705 (l) 

#251 (l) 

SOLIDS GENERATED AT PLANT #705 AND #251 PRODUCING 
ALUMINUM FLUORIDE 

Total Solids Generated(kgfk:kg of AI! 
3

) 

54 

69 

(1) Currently not manufacturing aluminum fluoride. 
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fluoride is integrated with hydrofluoric acid, then the waste 
waters from both plants are combined and treated. 

15.3 DESCRIPTION OF PLANTS VISITED AND SAMPLED 

15.3.1 Screening 

Plant f.705 was visited in the screening phase of the 
program. Both hydrofluoric acid and aluminum fluoride are 
produced at this facility by the general processes described 
earlier. The waste water from the hydrofluoric acid and 
aluminum fluoride plants is mixed and sent to the treatment 
facility. At the treatment facility the combined waste water is 
neutralized with lime and sent to a series of settling ponds. 
The effluent from the last pond is given a final pH adjustment 
before a portion is discharged and the rest recycled to the 
process. Figure 15-2 shows a simplified block diagram of the 
process including the waste water treatment facility and 
sampling locations. Table 15-6 presents a summary of flow data 
of the sampled streams, and the data for important classical 
pollutant parameters. 

15.3.2 Verification 

Plant f705 was visited again and the same streams sampled 
in the screening phase also were sampled and analyzed in the 
verification phase. The variations in individual stream flows 
were small during the two phases of sampling. Table 15-6 
summarizes the flow data and important conventional and 
nonconventional pollutant emissions. A second plant (Plant 
~251) was visited and sampled in the verification phase. Figure 
15-3 is a simplified flow diagram of the aluminum· fluoride 
manufacturing plant and the waste water treatment facility 
showing the sampling locations. Table 15-7 presents the flow 
and pollution concentration data for the plant. The aluminum 
fluoride and hydrofluoric acid waste streams are combined and 
sent to a gypsum pond for suspended solids removal. The 
overflow from the pond is mixed with alkaline and acid streams 
from other plants for neutralization and pH adjustment before 
final discharge. 

15.3.3 Summary of the Toxic Pollutant Data 

Following is a list of toxic pollutants which identifies 
their maximum concentration levels as found in the raw process 
waste streams sampled during screening and verification. 
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TABlE 15-6. FIJ:JII AND POI.I.U:mNT CONCENI'RATION DATA OF THE SAMPLED 
WASTE S'.I'REM-1S FOR PIAN'r #705 PRODUCING AUMrNOM FLOORIDE 

Sanpled _Sanpled Unit Total 
Phase Stream Stream FlcM Suspended Fluoride Aluminum 

(rn3/kkg) No. Description (4) (3) (4) §lids 
(rrg/1) ( ? (kg/kkg) <4> (rrg/~1) (kg/kkg) (rrg/1) (kg/kkg) 

Screening 3 A1F 3 scrubber 8.92 13,000 120 530 4.7 780 7.0 

4 (l) Surface drains, 2.39 200 0.48 350 0.82 40 0.10 
cooling tcMer, 
bl.cMdcM:n, etc. 

3&4 Total rEM waste 
load 

11.3 11,000(5) 120 490 5.5 620 7.1 

5 ~eated waste (2) 24 80 2.0 70 1.6 10 0.17 

Verifica- 3 A1F3 scrubber 8.92 1,400 13 1400 12 460 4.1 
tion Sarrpling 

4 (l) Surface drains, 2.39 200 0.48 170 0.40 27 0.060 
cooling t<Mer, 
blCMdown, etc. 

3&4 Total load 11.3 1,2oo<5> 13 1100 13 370 4.1 

5 Treated waste <2> 24 2.0 0.048 20 0.55 1.0 0.012 
-- -- --·- --- - -

(1) Consists of waste water fran HF and A1F 3 process. Flow indicated is estimated :portion of total 
flow contributed by AlF3 naintenance and washdown waste water from 308 Questionnaire.. Total flow 
is 17. 8 rn3 /kkg of product for both process wastes combined. 

(2) Consists of waste ~ter from HF and AlF3 process. Plant currently not manufacturing AlF3• 

(3) Average of three daily c:x:mposite sanples during verification and single value obtained during 
screening. 

(4) kg/kkg of AlF~. (5) Weighted average based on mri t flows. 
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'l2U3LE 15-7. FI.JJi1 AND POLWrANr ~ON DATA OF 'lHE SIIMPLED STREt>.MS 
FOR PIANT 1251 POOOOCIKG ALUMINUM FLUORIDE 

Sanpled Unit Total 
No. Stream Fl<:M Suspended Fluoride Aluminum 

(m3/kkg Solids Description 
of AJF3) (rrg/1) (kg/kkg) (rrg/1) (kg/kkg) (rng/1) (kg/kkg) . 

Verification 
Sampling 

4 A1F 3 scrubber 12.6 1200 16 470 5.90 50 
water 

6 sot scrubber 6.10 o.o 0.0 20 0.14 0.20 
wa er(l) 

4&6 Total raw waste 18.7 1200 16 320 6.0 50 
load 

2 Gypsum r{nd 25.1 19,000 470 660 17 26 
influent 2) 

3 ~:nrt~~ 25.1 9.0 0.23 320 8.0 22 

------- - ~----------

(1) One half flow of S02 scrubber water is assumed to contribute to the AlF 3 process since the 
total flow is cormon to the AlF3 and iiF process. 

(2) Consists of hydrofluoric acid and aluminum fluoride waste water. Plant currently not 
manufacturing AlF 3• 

0.60 

0.0010 

0.60 

0.65 

0.55 



Pollutant 

Arsenic 
Selenium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Zinc 
Cadmium 
Antimony 
Beryllium 

Maximum Raw Waste Concentrations Observed 
(pg/1) 

Screening 
Plant f.705 

200 
68 
70 

120 
25 
1.6 

150 
450 

0.70 
0 
0.80 

Verification 
Plant #705 and #251 

480 
97 

1100 
250 

91 
11 

290 
450 

33 
3.0 
0.80 

Section 5.1.2 of this report describes the methodology of 
the screening and verification sampling program. In the 
aluminum fluoride industry, seven days of sampling were 
conducted at Plants ¥705 and f.251. Seven sampling points were 
identified and studied for the subcategory. The evaluation of 
toxic pollutant content of these process-related waste streams 
was based on 637 analytical data points. The screening for 
toxic organic pollutants at Plant ¥705 generated an additional 
645 analytical data points. The daily raw waste loads were 
calculated ' from the waste stream flow rates measured or 
estimated at the time of sampling and the measured pollutant 
concentration. 

That is, 

Daily loading (as kg of pollutant per day) = 

Where: 

(C) (Q) 

1000 

C is the concentration of the pollut~nt expressed as 
mg/1 (Note: kg/m3' = 1000 mg/1), and 

Q is the Aluminum Fluoride process - waste stream flow 
rate expressed as m3/day. (m3, a cubic meter, is equal 
to 264.2 u.s. gallons) 
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Similarly, the unit loadings were calculated from the 
reported aluminum fluoride production rate, the waste stream 
flow rate, and the measured pollutant concentration. 

Unit loading (as kg of pollutant 
per kkg of aluminum fluoride) = (C) (Q) 

lOOOP 

Where C and Q are the same as described above, and P is the 
aluminum fluoride production rate expressed as kkg/day. 
(kkg is 1000 kg, a metric ton, which is equal to 2205 lbs.) 

The P and Q factors are for the Aluminum Fluoride Process 
and thereby the Agency has segregated that portion of the 
effluent attributable only to the Aluminum Fluoride 
Process. 

Table 15-8 and 15-9 are a tabulation of the raw waste and 
treated toxic pollutant concentrations and loads determined 
during the three plant visits. The loads and concentrations are 
based on the average of three composite samples during 
verification and one composite sample during screening. These 
unit loads were used to determine the minimum, average, and 
maximum unit loading valves presented in Table 15-10. 

Based on the total annual production of 134,700 kkg/year in 
this subcategory and the average waste load generated per unit 
product in Table 15-10, the estimated total toxic pollutant raw 
waste loads generated each year for this subcategory are as 
follows: 

Pollutant 

Arsenic 
Selenium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Zinc 
Cadmium 
Antimony 
Beryllium 
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Waste Load (kg/year) 

180 
140 
400 

94 
20 
3.0 

180 
140 

11 
0.70 
0.30 
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TABLE 15-8. TOXIC POLLUTANT AVERAGE RAW WASTE IDADS AND CONCENTRATIONS 

SUBCATEGORY AWMINUM FLUORIDE 
I 

Screening Verification 

Pollutant Plant #705 Plant #705 Plant #251 Average 

{rrg/1) {1) {kg/kkg) { 2) 
Concentration 

{nq/1) {kg/kkg) {ng/1) {kg/kkg) {rrg/1) 

Arsenic 0.18 0.0020 0.18 0.0020 0.020 0.00030 0.13 

Seleniun 0.050 0.0010 -- {3) -- {3) 0.050 0.0010 0.050 

Chromium 0.030 0.00030 0.44 0.0050 - {3) -- {3} 0.24 

Copper 0.10 0.0010 0.070 0.0010 0.010 0.00010 0.060 

lead 0.0050 0.00010 0.020 0.00020 0.010 0.00010 0.012 

Mercury 0.00040 0.0000040 0.00040 0.0000050 0.0030 0.000050 0.0013 

Nickel 0.11 0.0010 0.22 0.0030 0.010 0.00020 0.11 

Zinc 0.16 0.0020 0.080 0.0010 0.020 0.00030 0.090 

Cadmium 0.00020 0.0000020 0.010 0.00020 -- {3} -- {3) 0.0050 

.Antinony - {3} -- {3} 0.00040 0.0000050 -- {3} -- {3} 0.00040 

Beryllium 0.00020 0.0000020 -- {3} -- {3} {3} -- {3} 0.00020 --

{1) Concentrations based on average raw Wa.ste loads shown and total process production and waste 
flows. 

{2} kgjkkg of product. 

( 3} -- below analytical detection l.llni t. • 



TABLE 15-9. TOXIC POLLUT.ANT EFFLUENT CONCENTRATIONS DURING SAMPLING 

ALUMINUM FLUORIDE 

Pollutant Plant and Sanpling Phase 

#705 #705 #251 

Screening Verification Verification Average 
(rng/1} (mg/1} (rng/1} (rng/1} 

Arsenic ND(l} ND 0.0050 < 0.0050 

Selenium ND ND 0.070 < 0.070 

Chranium 0.0070 0.040 0.22 0.090 

Copper 0.10 0.0010 0.070 0.060 

lead 0.0020 0.020 0.030 0.020 
• Mercucy ND ND ND ND 

Nickel 0.050 ND 0.45 < 0.25 

Zinc 0.0020 0.0010 ND 0.0020 

cadmium 0.0020 0.0010 ND < 0.0020 

Ant.irrony ND ND ND ND 

Bel:ylliun 0.0020 ID ID < 0.0020 

(1) ND -- Not Detected. 
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TABLE 15-10. St.M-11\RY OF RAW WASTE LOADINGS FOUND IN SCREENING AND VERIFICATION SAMPLING 

SUBCATEGORY ALUMINUM FLOORIDE 

Pollutant wading Range, No. of kg/day Unit I.Dading, kg/kkg 
Plants 

Minimum Maximum Minimum Average(l) Maximum Averaged 

'Ibric --
Arsenic 0.050 0.080 

. 
0.00030 0.0013 0.0020 3 

Selenium 0.030 0.16 0.0010 - O.OOl-0 0.0010 2 

Chromium .0.020 0.22 0.00030 0.0030 0.0050 2 

U1 Copper 0.020 0.050 0.00010 0.00070 0.0010 3 
0 
1.0 

Lead 0.0030 0.020 0.00010 0.00015 0.00020 3 

Mercury 0.026 0.0080 0.0000040 0.000020 0.000050 3 

Nickel 0.026 0.12 0.00020 0.0013 0.0030 3 

Zinc 0.040 0.080 0.00030 0.0010 0.0020 3 

caClmium 0.00010 0.0070 0.0000020 0.000080 0.00020 2 

Antim:::>ny NA (2) 0.00020 NA 0.0000050 NA 1 

Beryllium NA 0.00010 NA 0.0000020 NA 1 
-

Conventional and 
Nonconventional 

TSS 600 5400 13 50 119.0 3 

Floorine 250 980 5.5 8.1 13.0 3 

Aluminum 100 320 0.60 3.9 7.0 3 

(1) Average unit loadings from Table 15-8. 
(2) Not Appli~le 



15.4 POLLUTION ABATEMENT OPTIONS 

15.4.1 Toxic Pollutants of Concern 

The toxic pollutants found in actual plant waste waters are 
lead, mercury, cadmium, antimony, beryllium, copper, arsenic, 
chromium, nickel, zinc, and selenium. In the case of selenium, 
it is apparent that the source was the raw water supply and is 
therefore not regarded as a process-related pollutant, but 
control of selenium in the treated effluent may be required. 
The ones of most concern are chromium and nickel. 

Copper and chromium may be present as trace impurities in 
the hydrofluoric acid used to react with bauxite to form 
aluminum fluoride. Arsenic, zinc, and nickel may originate as 
impurities in the bauxite ore. waste treatment processes should 
be designed to control TSS, fluoride, and the significant toxic 
metals. Lead, mercury, cadmium, antimony, and beryllium are 
eliminated as toxic pollutants of concern because levels 
observed are too low to be considered treatable. 

15.4.2 Process Modifications and Technology Transfer Options 

1. Total recycle of waste water to the scrubbers is 
feasible if final neutralization is with soda ash. The calcium 
in the waste is precipitated as calcium carbonate and scaling 
problems in pipes and scrubbers are reduced. 

2. Passage of the vent gases from the reactor through a 
cyclone prior to scrubbing with water will remove the aluminum 
oxide and aluminum fluoride particulates. The collected 
material in the cyclone can be recycled to the reactor. The 
installation of a cyclone will result in material recovery and 
will also reduce the suspended solids load going to the waste 
water treatment facility. 

15.4.3 Best Management Practices 

1. Rainfall runoff in plant areas, treatment facilities 
and other places susceptible to fluoride contamination can be 
collected and sent to the waste water treatment facility. 

2. If solid wastes containing fluoride are stored on land, 
studies should be conducted to ascertain the risk of 
contaminating ground water. Where necessary, provisions can be 
made for collection and treatment of leachate, permeate, and 
runoff. 

3. Settling ponds in the waste water treatment facility 
should be deep enough (or provided with baffles) to eliminate or 
reduce turbulence caused by wind and rainfall. This will reduce 
the incidence of weather-related plant upsets, and suspended 
solids limitations will be met more consistently. 
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15.4.4 Prevailing Control and Treatment Practices -
Plant #705 practices lime neutralization and settling of 

the waste waters. Since aluminum fluoride production is 
integrated with hydrofluoric acid production, the waste waters 
from the two processes are combined before treatment. The plant 
does not treat noncontact cooling water. 

At Plant #837 the tail gases are scrubbed with soda ash 
solution, and the resulting solution is sent to an adjacent 
facility for use. The water from the wet scrubbers on the 
hydrated alumina dryers are also sent to an adjacent facility 
for use. The waste waters from area washdown are combined with 
other product waste water, treated with hydrated lime and sent 
to a settling lagoon before discharge. 

Plant f.l88 produces aluminum fluoride in small quantities 
and in batches. The waste water from the batch operation is 
first sent to a collection pond. It then goes to a second pond 
where lime and alum are added and it finally enters a third pond 
where the pH is adjusted by recarbonation. 

Plant ¥. 251 mixes the aluminum fluoride waste with 
hydrofluoric acid plant waste. The combined waste water is sent 
to gypsum ponds for suspended solids removal. The supernatant 
is treated with an effluent from another plant for pH control 
and neutralization. Because of the presence of complex 
fluorides (from the HF process) in the waste waters, the plant 
is planning to use a new proprietary process in the near future 
to further reduce fluoride levels in the final effluenb. 

15.4.5 Advanced Treatment Technologies 

Metal ions can be precipitated as hydroxides at alkaline pH 
levels, and in clarified solutions they may be exchanged for 
hydrogen or sodium ions by ion exchange. -Metal ions at low 
levels may also be controlled by xanthate precipitation, 
although the process is not widely used.' Sulfide precipitation 
will reduce copper, nickel, and zinc to low levels but will not 
control chromium or arsenic. Although the mechanism is not 
clear, a~senic level~ appear to be reduced -in the lime 
neutralization process followed at most plants, perhaps by 
entrapment or adsorption of the oxide during the precipitation 
of calcium fluoride. A combinatfon of lime and ferric sulfate 
coagulation is probably the most effective and practical method 
for reducing arsenic conc~ntrations~ 

511 



15.5 SELECTION OF APPROPRIATE TECHNOLOGY AND EQUIPMENT 

15.5.1 Technologies for Different Treatment Levels 

Leve1 1 (BPT) 

Neutralization with lime is widely used in the industry to 
remove the primary nonconventional pollutant as calcium 
fluoride. Because lime neutralization to pH 10 results in 
significant incidental removal of toxic pollutants, alkaline 
precipitation was chosen as BPT (Level 1) technology. The flow 
diagram is shown in Figure 15-4. 

Level 2 (BAT and NSPS) 

A higher removal of suspended metal hydroxides, TSS, and 
CaF2 can be achieved by adding dual media filtration to the 
Level I system. The flow diagram is shown in Figure 15-5. 

Level 3 

Sulfide precipitation is added to the proposed BAT level of 
treatment to attain a higher level of heavy metal removal. 
Chromium and selenium levels are not appreciably reduced 
although other toxic pollutant levels are. The flow diagram is 
shown in Figure 15-6. 

Level 4 

The technology is similar to Level 2, except that soda ash 
is substituted for part of the lime treatment, permitting 
partial recycling of effluent. Eighty percent recycle has been 
demonstrated and is used in the development of plant performance 
estimates. The flow diagram is shown in Figure 15-7. 

15.5.2 Equipment for Different Treatment Levels 

Equipment Functions 

Level 1 consists of flow equalization with first stage lime 
application followed by second stage lime application and lagoon 
settling. The final pH is adjusted with hydrochloric acid to 
the 6-9 range before discharge through an effluent monitoring 
system. 

In Level 2, dual media filtration is added to 'provide 
better control of suspended solids, including heavy metal 
hydroxides, which are returned to the .lagoons as filter 
backwash. 
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In Level 3, ferrous sulfide is prepared on site from 
ferrous sulfate and sodium bisulfide and is added ahead of the 
dual media filter shown in Level 2, to reduce heavy metals 
(except chromium) to lower levels by sulfide precipitation; 

Level 4 is a modification of Level 2 which allows partial 
recycling of final effluent by substituting soda ash for part of 
the lime treatment, and settling the resulting calcium carbonate 
in a clarifier before filtration. This step reduces the calcium 
saturation and permits recycling of effluent without serious 
scaling problems. Although a small blowdown of effluent is 
maintained for control of salinity the total mass discharge of 
toxic pollutants is less than that achieved in Level 2 due to 
the lower effluent flow rate. 

Chemicals and Handling 

In BPT (Level 1) and in Level 2, two-stage neutralization 
is accomplished with lime alone, using conventional handling 
equipment to deliver mil'k of lime to two points of application. 
In Level 3, a mixture of ferrous sulfate and sodium bisulfide is 
prepared in a well-ventilated space and applied with a 
conventional solution feeder to the inlet of the Level 2 dual 
media filter. With adequate ventilation and proper pH control 
in this chemical preparation, there are no unusual problems in 
chemical handling. In Level 4, soda ash is used to furnish part 
of the alkalinity, employing conventional dry chemical feeding 
equipment for this nonhazardous chemical. 

Separation and Removal of Solids 

At all levels of treatment the precipitated solids are 
removed mechanically from the lagoons at regular intervals and 
are piled in self-draining areas near the lagoons, on land 
provided for a ten-year operating period. Fluoride and toxic 
pollutants are in the insoluble or adsorbed form and do not 
constitute a hazard to the local environment when left at the 
plant site under controlled conditions, i.e., with leachate and 
permeate control. 

Monitoring Requirements 

Control of fluoride and toxic pollutants in the treatment 
process can be reasonably assured by pH and fluoride' ion field 
testing equipment. At advanced·levels very low values of toxic 
metals are detected best by atomic absorption methods, normally 
performed in commercial laboratories on carefully collected and 
composited samples. 
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15.6 TREATMENT COST ESTIMATES 

15.6.1 General Discussion 

A model plant concept was developed for the subcategory for 
treatment cost estimation purposes. The proposed BPT treatment 
system specifications are outlined subsequently. 

Waste Water Flow 

The range of waste water data on file shows flow variations 
from 4. 58 m3/kkg of AlF3 to 19.7 m3/kkg of AlF3 (see Table 
15-4). Based on these values, a unit flow of 11.9 m3/kkg of AlF3 
was taken as the average for the waste water treatment model 
plant for cost estimating purposes. 

Production 

Six plants manufacture aluminum fluoride at a total 
production rate of 120,000 kkg/yr. Individual plant production 
rates range from a minimum of 38 kkg/yr to a maximum of 45,600 
kkg/yr with an average of 24,300 and a median of 35,500 kkg/yr. 
For waste water treatment cost estimates, three production 
levels were selected as model plants. These three models 
reflect the production levels of the plants for which data is on 
file (excluding a small batch operation plant) and are 17,500 
kkg/yr, 39,200 kkg/yr and 50,400 kkg/yr. 

Pollutant Loadings 

Observed pollutant loadings varied from 14 to 27 kg/kkg-of 
AlF3 for suspended solids and from 5.4 to 39.5 kg/kkg of AlF3 
for fluoride. The data sources are as follows: 

source of Data TSS (kg/kkg-AlF3) F (kg/kkg-AlF3) 

EPA Document 1974 Ref- 16-20 15-20 
Screening and 
verification 
Phase - Plant Data 14-27 5.4-40 

For model plants, pollutant loadings of 20 kg of total 
suspended solids and 18 kg of fluoride per kkg of AlF3 were used 
to establish treatment requirements. 

Treatment Chemicals 

Lime (CaO powder form) is added to precipitate fluoride and 
to raise the pH to a six to nine range. For each of the model 
plants, lime is added at 25 percent above the stoichiometric 
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requirements for fluoride precipitation. For advanced 
treatment, ferrous sulfide is added to give a concentration of 
10 ppm. This acts as a polishing step to remove additional 
trace metals from the effluent. For a more advanced level of 
treatment, soda ash is a~ded in addition to lime (CaO). The 
soda ash dosage was assumed to be 770 kg/kkg. 

Variation in Flow and Pollution Loading 

To indicate the effect on costs of higher and lower 
pollutant loadings, cost estimates were developed for one model 
plant (35,600 kkg-AlF3/yr) at 27 kg of TSS/kkg-AlF3 and 30 kg 
fluoride/kkg-AlF3 and 14 kg fluoride/kkg-AlF3. The waste water 
flow for these additional estimates was held constant as in the 
original mode (i.e., 15 m3/kkg-AlF3). Unit flows were also 
varied to monitor the sensitivity of cost to plant size. In 
this case, the pollutant loadings were assumed to be the same as 
in the original model. The range of waste water flows used were 
10.1 m3/kkg to 22.8 m3/kkg. 

Generation of Solids 

From the pollutant loadings and treatment chemi. ~als above, 
the waste treatment residue consists of 20 kg/kkg of suspended 
solids plus 46.2 kg/kkg from added chemicals. Thus,· the total 
solids generated are 66.2 kg/kkg of product. After mechanical 
removal to self-draining piles, the combined fluoride As(CaF2) 
is reasonably stable at the reaction pH reached during lime 
treatment. 

Cos_t Estimates 

The estimated costs for models having three different 
production and four levels of treatment are given in Tables 
15-11, 15-12 and 15-13. For these models, both the hydraulic 
and pollution loadings per unit of production are held constant 
over the entire range of production. Annual treatment cost as a 
function. of production is shown graphically in Figure 15-8. 
Similarly, treatment cost per metric ton of product is given in 
Figure 15-9. 

To indicate the effects on cost of varying the pollutant 
load per unit of product, cost estimates were developed for one 
medium-size production model plant at higher solids and 
pollutant (fluoride) loadings. For these models the hydraulic 
load per unit of production was held constant. The cost 
estimates for these models are given in Tables 15-14 and 15-15. 
The effects on costs of varying the unit pollutant load are 
shown graphically in Figures 15-10 and 15-11 at Levels 1 and 4·. 
Variation of pollutant loads has a significant impact on Level 
1, but had no effect on the incremental costs of treatment at 
Levels 2 and 3. 
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TAOLE 15-11. "'DDEL PtANl' TREA.NE:NT COSTS 

Subcategory ALUMINUM FLUORIDe 

(1) 
Production 15,900 metric tons per year 

45 metric tons per day 

(1) 
( 17, 529 tons per year) 
(50 tons per day) 

Waste water flow 540 cubic meters per day. 

A. INVES'IME:NT COST 

Construction ••••••••• 
Equipnent in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipnent 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land •••••••••••••••••• 

TDrAL INVES'l'1ENT COST 

B. OPERATION .1\ND 
AAINTENANCE COST 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
raxes and insurance ••• 
Residual waste 
disposal •••••••••••••• 
l.!uni to ring, analysis 
and reporting ••••••••• 

TorA.L OPERATION .1\ND 
MAINTE:NAN:E COST 

C. A.'lt<RTIZATION Oil' 
INVESNE:NT COST 

rorAL ANNUAL COST 

ll'IRST 

$39,803 

192,300 

9,330 

48,163 

48,160 
24,330 

$361,123 

$56,003 
3,400 

35,003 
33,712 
13,833 

5,433 

15,030 

$159,345 

$54,849 

$214,194 

(1) Production year is 353 days. 

(2) 
LBVEL OF TREA.NENT 

SECOOD 

$10,303 

68,303 

15,600 

15,600 

$139,230 

$14,030 
630 

10,923 
3,276 

7,500 

$36,296 

$17,766 

$54,362 

THIRD 

$14,330 

74,003 

17,6013 

17,603 

$123,233 

$14,303 
930 
803 

12,3213 
3,696 

7,503 

$39,216 

$23,344 

$59,263 

(2) ll'irst level represents the base cost of treatment system. 
Other levels represent the incremental cost above base cost. 
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FOURTH 

$20,503 

172,033 

38,5313 

38,503 

$269,530 

$14,000 
2,511l0 
9,800 

2t;,950 
8,085 

7,500 

$68,835 

$43,847 

$112,682 



T~LE 15-12. ~ODEL PLANT rRE~~ENT COSTS 

Subcategory ALlMINt.M FLOORim: 

(1) (1) 
Production 35,600 metric tons per year (39,249 tons per year) 

101 metric tons per day ( 112 tons per day) 
waste water flow 1200 cubic meters per day. 

1\. INVES~ENT COST 

Construction ••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incldentals, overhead, 
fees, contingenc1es ••• 
Land •••••••••••••••••• 

FIRST 

$63,600 

238,000 

9,000 

62,120 

62,120 
42,000 

(2) 
LE:VEL OF TRE.~'IMENT 

SECCND 

$15,000 

84,000 

19,800 

19,800 

THIRD 

$.!.9,000 

90,500 

21,900 

21,900 

----- ----- _, ___ _ 
Tor~L INVES~ENT COST 

8. OPE!RATION AND 
"1AINTENP.N:E COST 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
·raxes and insurance ••• 
Residual waste 
disposal •••••••••••••• 
Monitoring, analysis 
and reporting ••••••••• 

TorAL OP~TION AND 
~ TN·l'ENP.N:E COST 

C. AMffiTI?;ATION OF 
INVES'l'MENT COST 

TorAL ~U!\L COST 

$476,840 

$56,000 
5,500 

80,000 
43,484 
14,305 

12,500 

15,000 

$226,789 

$70,748 

$297,537 

(1) Production year is 350 days. 

$138,600 

$14,000 
900 

13,860 
4,158 

7,500 

$40,418 

$22,550 

$62,968 

$153,300 

$14,000 
1,300 
1,800 

15,330 
4,599 

7,500 

$44,529 

$24,941 

$69,470 

(2) First level represents the base cost of treatment systa~. 
other levels re~resent the incremental cost above base cost. 
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FOURTH 

$34,000 

259,000 

58,600 

58,600 

$410,200 

$14,000 
3,100 

18,800 
41,020 
12,306 

7,500 

$96, 72ej 

$66,739 

$163,465 



TABLE 15-13. MODE:L PL..a.Nl' TRE:li.'NENT COSTS 

Subcategory ALlMINlM FLUORIDE 

(ll (ll 
P~oduction 45,800 met~ic tons pe~ yea~ (50,494 tons per year) 

130 metric tons pe~ day (144 tons per day) 
Waste wate~ flow 1550 cubic mete~s pe~ day. 

A. INVES'IMENT COST 

Const~uction ••••••••• 
equipment in place, 
including piping, 
fittings, electrical 
work and cont~ols ••••• 
~nito~ing equipment 
in place •••••••••••••• 
e:nginee~ing design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
£.and •••••••••••••••••• 

TOl'M. INVES'IMENT COOT 

8. OPER~TION ~ 
"'AINTe:NAN:::E COOT 

Labor and supe~ision. 
e:nergy •••••••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal •••••••••••••• 
Monito~ing, analysis 
and reporting ••••••••• 

TOl'AL OPERATION AND 
MAINTE:NAN:::E COOT 

C. AMOOTIZATION OF 
INVES'll-\ENT COST 

TOl'AL ANNUAL COST 

FIRST 

$76,500 

281,000 

9,000 

73,300 

73,300 
60,000 

$573,100 

$56,000 
7,400 

100,000 
51,310 
17,193 

16,000 

15,000 

$262,903 

$83,481 

$346,384 

(1) P~oduction yea~ is 350 days. 

(2) 
LE:Ve:L OF TRE:li.'Ne:NT 

SECOOD 

$213,500 

110,000 

26,100 

26,100 

$182,700 

$14,000 
1,500 

18,270 
5,481 

7,500 

$46,751 

$29,725 

$76,476 

THIRD 

$24,500 

116,500 

28,200 

28,200 

$197,400 

$14,000 
1,900 
2,400 

19,740 
5,922 

7,500 

$51,462 

$32,116 

$83,578 

(2) First level rep~esents the base cost of't~eatment system. 
othe~ levels ~ep~esent the incremental cost above base cost. 
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FOURTH 

$43,000 

317,000 

72,13013 

72,13130 

$504,0130 

$14,0130 
4,300 

26,4013 
50,400 
15,120 

7,500 

$117,720 

$82,000 

$199,720 
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TAB~ 15-14. MOD~L PLlWI' TREA'l'>tENT CQ;TS (3) 

Subcategory ALUMINUM FLUORID~ 

(1) 
~roduction 35,600 metric tons per year 

101 metric tons per day 

(1) 
(39,249 tons per yead 
(112 tons per day) 

Waste water flow 1200 cubic meters per day. 

A. INVES'l'>tENT CCST 

Construction ••••••••• 
~quipment•in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
~onitoring equipment 
in place •••••••••••••• 
~ngineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Lard •• •••••••••••••••• 

TOl'AL INVES'l'>tENT CCST 

B. OPERATION l\ND 
MAINTEN~E: CCST 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal •••••••• ~ ••••• 
~onitoring, analysis 
and reporting ••••••••• 

TOl'AL O~TION l\ND 
MAINTEN~E CCST 

C. AMCRTI'ZATION OF 
INVESTMENT CCST 

TarAL ~UAL COST 

FIRST 

$82,000 

241,000 

9,1300 

66,400 

66,400 
66,!21!21!21 

$530,800 

$56,0130 
5,500 

130,000 
46,480 
15,924 

19,000 

15,000 

$287,904 

$75,622 

$363,526 

(1) ~roduction year is 35!21 days. 

(2) 
LEVEL OF TRE.l\'l'MENT 

S~CND 

$15,1300 

84,000 

19,800 

19,800 

$138,600 

$14,000 
90!21 

13,86!21 
4,158 

7,500 

$40,418 

$22,55!21 

$62,968 

1'HIRD 

$19,!2100 

9!21,5!210 

21,900 

21,900 

$153,300 

$14,!21!21!21 
1,300 
1,8!210 

15,33!21 
4,599 

7,500 

$44,529 

$24,941 

$69,470 

(2) First level represents the base cost of treatment system. 
Other levels represent the incremental cost above base cost. 

(3) Sensitivity Analysis - increased pollutant load. 

525 

FOURTH 

$34,500 

60,900 

60,900 

$426,31313 

$14,003 
3,100 

31,500 
42,630 
12,789 

7,50!21 

$111,519 

$69,359 

$18!21,878 



TABLE! 15-15. MODE!L PtANT TRE!A'NE!NT COSTS (3) 

Subcategocy ALU\1INU\1 FLUORIDE: 

(1) 
Prodoc:tion 35,600 metric tons per year 

101 metric tons per day 

(1) 
(39,249 tons per year) 
( 112 tons per day) 

waste water flow 1200 cubic meters per day. 

A. INVES'NE!NT COST 

Construction ••••••••• 
E!qui[lllent in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place •••••••••••••• 
E!ngineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
t:.and •••••••• •••••••••• 

TOl'AL INVESTMENT COST 

B. OPERATION ~NO 
"1A.IN'I'E:NA.N:E COST 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
~intenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal •••••••••••••• 
~onitoring, analysis 
and reporting ••••••••• 

TOl'A.L OPERI\TtON ~NO 
"1A.INTE!NMlCE! COST 

C. AMCRTt'ZATtON OF 
INVESTMa.IT COST 

TOl'AL ANNUZ\L COST 

FIRST 

$56,903 

221,000 

9,030 

57,380 

57,380 
30,000 

$431,660 

$56,000 
5,500 

60,003 
40,166 
12,949 

9,000 

15,000 

$198,615 

$65,350 

$263,965 

Production year is 350 days. 

(2) 
LE!VEL OF TRE!A'NE!NT 

SE!CCliD 

$15,003 

84,000 

19,800 

19,800 

$138,600 

$14,000 
930 

13,860 
4,158 

7,5ril0 

$40,418 

$22,550 

$62,968 

THIRD 

$19,000 

90,500 

21,900 

21,9ril0 

$153,300 

$14,000 
1,300 
1,800 

15,330 
4,599 

7,500 

$44,529 

$24,941 

$69,470 

(1) 
(2) 

(3) 

Fist level represents the base cost of treatment system. 
Other levels represent the incremental cost above base cost. 
Sensitivity Analysis - decreased pollutant load. 
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FOI.RTH 

$34,000 

259,000 

58,600 

58,603 

$410,20ril 

$14,000 
3,100 

14,613 
41,020 
12,306 

7,500 

$92,536 

$66,739 

$159,275 
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To judge the effects on cost of varying the hydraulic load 
per unit of production, cost estimates were developed for one 
medium-size production model plant at a higher and a lower 
hydraulic loadings. The pollutant load per unit of production 
was held constant for these models. Tables 15-16 and 15-17 show 
the cost estimates. At treatment Levels 2, 3, and 4 the effects 
on costs of varying the per unit hydraulic load are shown 
graphically in Figures 15-12, 15-13, and 15-14. Hydraulic load 
variation had no significant effect on the costs of treatment at 
Level 1. Table 15-18 presents a summary of the unit cost 
distribution between amortization and the operation and 
maintenance cost components at various production and levels of 
treatment. The effects on cost due to variations in unit 
pollutant and hydraulic loads are also shown in Table 15-18. 

At the f i'rst level of treatment, chemicals, labor, and 
amortization have significant impact on the annual costs. At 
the second, third and fourth levels of treatment, the operation 
and maintenance cost comprises approximately two-thirds of the 
additional annual costs, and the remaining one-third is due to 
amortization. 

Effects on annual costs arising from higher and lower 
pollutant loads per unit of product for a medium level of 
production model plant were studied. At high pollutant loading, 
the annual cost at the first and fourth levels of treatment 
increased approximately by 25 and 35 percent, respectively, over 
the base case cost. At the second and third levels of 
treatment, annual costs per unit of product are the same as for 
the original model. 

At lower pollutant loadings, annual cost at the first level 
of treatment decreased by 15 percent below the base case cost. 
At other levels, annual costs per unit of product are the same 
as for the original model. 

The annual costs arising from higher and lower hydraulic 
load per unit of product for a medium level of production model 
indicated that at the first level of treatment, variation of 
hydraulic loads had an insignificant impact on annual cost 
compared to the original model annual cost. 

In the second, third, and fourth levels of treatment, at a 
higher hydraulic load, additional annual costs per unit of 
production increased by 24, 21, and 18 percent respectively over 
the original model costs. 

At a lower hydraulic loag, additional annual costs per unit 
of production decreased by 10 percent at second and third 
levels, and by 16 percent at the fourth level, compared to the 
original model cost. 
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Ta.BLE 15-16. ~DEL PrANl' TREA'l11iENT COSTS(3) 

Subcategory ALI.J.1INIM FLUORIDE 

(1) (1) 
Production 35,600 metric tons per year (39,249 tons per year) 

101 metric tons per day (112 tons per day) 
Waste water flow 2300 cubic meters per day. 

(2) 
LEVBL OF TREA.'l1\iENT 

FIRST SECCND THIRD FOURTH 
A.. INVES'NENT COST 

Construction ••••••••• $66,100 $21,000 $25,000 $43,500 
Equipnent in place, 
including piping, 
fittings, electrical 
work and controls ••••• 256,000 117,600 124,000 321,000 
~onitoring equipnent 
in place •••••••••••••• 9,000 
Engineering design 
and inspection •••••••• 66,220 27,720 29,800 72,900 
Incidentals, overhead, 
fees, contingencies ••• 66,220 27,720 29,800 72,900 
t,aOO. •. • •. • • • •• • • •• • • • 42,000 

TOI'AL INVES'NENT COST $505,540 $194,040 $208,600 $510,300 

B. OPERATION A.ND 
t.IAINTEN1>.NCE COST 

Labor and supervision. $56,000 $14,{)00 $14,000 $14,000 
Enetgy •••••••••••••••• 7,400 1,500 1,900 4,700 
Chemicals ••••••••••••• 80,000 1,800 18,800 
Maintenance ••••••••••• 46,354 19,404 20,860 51,030 
Taxes and insurance ••• 15,166 5,821 6,258 15,309 
Residual waste 
disposal •••••••••••••• 12,500 
~onitoring, analysis 
and reporting ••••••••• 15,000 7,500 7,500 7,500 

TorAL OPERATION a.ND 
t.tl..INTENA.N:E: COST $232,420 $48,225 $52,318 $111,339 

c. 1\MCRTIZATION OF 
INVES'l1\iENT COOT $75,417 $31,570 $33,939 $83,025 ------
TorAL A.NN~L COOT $307,837 $79,795 $86,257 $194,364 

(1) Production year is 350 days. 
(2) First Level represents the base cost of treatment system. 

other levels represent the incremental cost above base cost. 
(3) Sensitivity Analysis - increased hydraulic load. 

530 



T~LE 15-17. MODEL PLANT TREATMENT COSTS(3) 

Subcategory M.UiiiNtJ'.t FLUORIDE 

(1) (1) 
Production 35,600 metric tons per year (39,249 tons per year) 

101 metric tons per day (112 tons per day) 
Waste water flow 1020 cubic meters per day. 

1\. INVESTMENT CCBT 

Construction ••••••••• 
Equi~ent in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
~nitoring equi~ent 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land •••••••••••••••••• 

Tori\L INVESTMJ:Nr CCBT 

8. OPERATION 1\ND 
1>1AINTENAN::E COST 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
~intenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal •••••••••••••• 
~onitoring, analysis 
and reporting ••••••••• 

TOl'I\L OPERI\T!ON 1\ND 
1>1AINTENAN::E COST 

C. AMCRTIZAT!ON OF 
INVESTMENT COST 

TOl'I\L 1\NNU&.L CCBT 

~IRST 

$63,600 

237,000 

9,000 

61,920 

61,920 
42,000 

$475,440 

$56,000 
5,500 

80,000 
43,344 
14,263 

12,500 

15,000 

$226,607 

$70,520, 

$297,127 

(1) Production ye~r is 350 days. 

(2) 
LEVEL OF TREATMENT 

SECCND 

$14,500 

70,300 

16,960 

16,960 

$118,720 

$14,000 
600 

11,872 
3,561 

7,500 

$37,533 

$19,315 

$56,848 

THIRD 

$18,500 

76,000 

18,900 

18,900 

$132,303 

$14,1'130 
91'10 

1,80!11 
13,230 
3,969 

7,500 

$41,399 

$21,525 

$62,924 

(2) First level represents the base cost of treatment system. 
Other levels represent the incremental cost above base cost. 

(3) Sensitivity Analysis - decre,ased hydraull.c load. 
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FOURTH 

$30,1'100 

21'16,001'1 

47,200 

47,2L'J0 

$330,400 

$14,L'J00 
2,5L'J0 

18,800 
33,040 
9,912 

7,5L'JL'J 

$85,752 

$53,756 

$139,5L'J8 
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TABLE 15-18. MODEL PLANT TREA'IMENT COSTS 
==============================================================--================= 

Subcategory ALUMINUM FLUORIDE 

~nnual Treatment Costs/Metric Ton of Product 

LEVEL OF TREA'NENT 

r'QST ITEMS PRODUCTION FUOW FIRST SEC~m THIRD FOURTH 
(kkg/yr) (m3/day) 

Annual Operation 
1(~:02 and Maintenance 15,900 690 2.28 2.47 4.33 

35,600 1,550 6.37 1.14 1.25 2.72 
45,800 1,990 5.74 1.02 1.12 2.57 

a 35,600 1,550 8.09 1.14 1.25 3.13 
b 35,600 1,550 5.58 1.14 1.25 2.60 
c 35,600 2,203 6.53 1.35 1.47 3.13 
d 35,600 1,064 6.37 1.05 1.16 2.41 

2\nnual 
Amortization 15,900 690 3.45 1.12 1.26 2.76 

35,600 1,550 1.99 0.63 0.70 1.87 
45,800 1,990 1.82 0.65 0.70 1. 79 

a 35,600 1,550 2.12 0.63 0.70 1.95 
b 35,600 1,550 1.84 0.63 0.70 1.87 
c 35,600 2,203 2.12 0.89 0.95 2.33 
d 35,600 1,064 1.98 0.54 0.60 1.51 

Total Cost 15,900 690 13.47 3.40 3.73 7.09 
35,600 1,550 8.36 1. 77 1.95 4.59 
45,800 1,990 7.56 1.67 1.82 4.36 

a 35,600 1,550 10.21 1. 77 1.95 5.08 
b 35,600 1,550 7.41 1. 77 1.95 4.47 
c 35,600 2,203 8.65 2.24 2.42 5.46 
d 35,600 1,064 8.35 1.60 1.77 3.92 

--------------------------------------------------------------------------------
a Increased pollutant load 
b Decreased pollutant load 
c Increased hydraulic load 
d Decreased hydraulic load 
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15.7 BASIS FOR REGULATIONS 

15.7.1 Evaluation of BPT Treatment Practices 

EPA is proposing BPT limitations based on Level 1 
treatment. All plants in this subcategory have installed BPT 
technology. Pollutants limited by the proposed BPT regulations 
are TSS, fluoride, chromium, nickel, and pH. The major 
pollutants previously regulated are TSS, fluoride, and aluminum. 
Aluminum is no longer considered a pollutant of concern due to 
its relatively nontoxic nature. The treatment proposed as the 
basis for BPT regulations will actually benefit from the 
presence of aluminum which will precipitate under mildly 
alkaline conditions and act as a coagulant to aid the removal of 
toxic metals and suspended solids. 

15.7.2 BPT Effluent Limitations 

Technology Basis 

The Agency proposes BPT limitations for which the 
technology basis is, or is equivalent to, equalization, lime 
neutralization/alkaline precipitation, solids removal by 
settling or thickening, final pH adjustment, and discharge of 
the clarified effluent. This technology represents current 
practice in the Aluminum Fluoride industry and was therefore 
selected as the basis for the proposed BPT effluent limitations. 

Flow Basis 

The basis of flow for BPT limitations is estimated from 
data provided in the 308 questionnaires for three of the four 
complete plant responses received, including Plant f.837, #251, 
and ¥,705. Plant ~188 was omitted in view of the batch process 
utilized for the manufacture of aluminum fluoride. The other 
three plants are continuous manufacturing processes. 

The two major raw process waste water sources contributing 
to the total plant flow estimates include scrubber and work area 
washdown. These waste water sources are summarized in Table 
15-4 for the three plants considered. The model plant flow for 
the AlF3 industry is estimated as the average total raw waste 
water flow for the three plants, and is used to estimate 
pollutant discharge loadings for the purpose of regulation. 
Exact measures of treated effluent from the aluminum fluoride 
industry are not available, since aluminum fluor ide plants 
normally integrate process waste streams with those generated by 
the hydrofluoric acid process prior to treatment and discharge. 
The unit flow rates varied widely fo~ the three plants in the 
range between 4.58 to 19.7 m3/kkg of product which is largely 
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dependant on the scrubber design and water utilization. The 
AlF3 process in Plant :fl:251 shares an S02 scrubber with the 
anhydrous hydrofluoric acid process. Waste water generation 
from this combined use scrubber was estimated on the basis of 
hydrofluoric acid utilization in the two processes. 

The cleaning and work area washdown flow is similar for the 
three plants considered, ranging between 1.02 and 2.39 m3/kkg of 
product. 

The average total flow for the three plants is 11.9 m3/kkg 
of product. This flow is used for the model plant in the 
aluminum fluoride subcategory. 

Selection of Pol1utants to be Regu1ated 

The selection of pollutants for which specific numerical 
effluent limitations are proposed was based on an evaluation of 
raw waste data from the screening and verification sampling 
program. Pollutant data from the plant sampled during screening 
was used to determine the need for verification sampling. 
Verification sampling of Plant :1!:705 and #251 provided additional 
pollutant raw waste concentration data needed to assess the 
magnitude of the pollution potential. 

·For conventional pollutants, the Agency has selected pH and 
total suspended solids for specific treatment and control. 
Fluoride was selected as the only nonconventional pollutant 
parameter because it is a major constituent in the process raw 
waste and is a pollutant of concern to the Agency. A limitation 
on aluminum is not proposed because this constituent of the 
process wastes will be effectively controlled by treatment 
required for removal of toxic metals. 

Results of the screening and verification sampling are 
tabulated in Section 15.3.3 for the raw process waste stream. 
The pollutant concentration listed under verification is the 
highest~ value observed during sampling at the two plants 
visited. Toxic pollutants are listed based on their presence, 
during sampling, at detectable concentration levels. Pollutants 
from this list were considered candidates for regulation if 
their concentrations appeared at least once at approximately the 
lowest level estimated as treatable using any available 
technology appropriate for their removal. The only two metals 
which passed this test were chromium and nickel. The only two 
metals which passed this test were chromium and nickel. The 
metals arsenic, copper, selenium, and zinc were never observed 
in the raw waste at concentrations equal to or above the lowest 
level est.imated as treatable as presented in Table 8-11 and 
therefore are not proposed for regulation. 
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Specific numerical effluent loading limitations are 
proposed for chromium and nickel for which the average 
concentration levels (Table 15-8) are considered treatable for 
at least one plant visited during sampling. 

'No limitation is being proposed for aluminum because of its 
relatively low toxicity and its beneficial effects in removing 
toxic metals by coprecipitation. In addition, control of the 
major toxic metal ions should provide adequate control of the 
aluminum concentration, since the treatment pH for BPT is in the 
region considered optimal for alkaline precipitation of most 
metal hydroxides. 

Basis of Pollutant Limitations 

Conventional and nonconventional parameters -

A. pH: The treated effluent is to be controlled within the 
range of 6.0 to 9.0. This limitation is based on the data 
presented in Appendix B of this report and the JRB Study (52). 

B. TSS and Fluor ide: Pollutant limitations for TSS and 
fluoride were based on the evaluation of data for the 
hydrofluoric acid subcategory. This evaluation is described in 
Section 12.7.2 under "Basis of Pollutant Limitations." There 
are no plants where the BPT treatment performance can be 
evaluated for the treatment of raw aluminum fluoride process 
waste water alone. Aluminum fluoride plants integrate raw 
process waste water with waste waters generated from the 
hydrofluoric acid process. 

In view of the similar waste water characteristics, the 
effluent concentration from a common treatment system would be 
the same for TSS and fluoride whether it originates from the 
AlF3 industry or the HF industry. Therefore, a maximum 30-day 
average concentration for the AlF3 industry of,97 mg/1 and 53 
mg/1 from the HF subcategory (Table 12-24) are proposed for TSS 
and fluoride, respectively. These are relatively high values 
that are unique to this industry. The variability factor ratio 
of 2.1 was selected based on the evaluation in the HF 
subcategory {Table 12-23). The unit effluent load limitation is 
determined as follows: 

L {as kg/kkg) = (Q) (C) 
1000 

Where C is the maximum 30-day average concentration in 
mg/1, Q is the unit flow in m3/kkg, and 1000 is the conversion 
factor for kg to grams. (Note: kg/m3 = 1000 mg/1.) 
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The 24-hour maximum is determined by the following 
relationship: 

Maximum 30-day average X VFR = 
(concentration or unit 
loading) 

24-hour maximum 
(concentration or 

unit loading} 

In this case, the daily maximum TSS concentration is 2.1 X 
97 mg/1 = 200 mg/1. The unit loaoing is then 

97 mg/1 (11. 9 m3/kkg} (_ kg/m3 :\ = 
\: 1000 mg/1) 

1.2 kg/kkg 

In the same manner the concentration basis for fluorides is 
2.1 X 53 mg/1 = 110 mg/1. The unit loading is then 

53 mg/1 (11.9 m3/kkg}( kg/m3 \ = 0.63 kg/kkg 
1000 mg/1 / 

The 24-hour maximum unit loading is determined by 
multiplying 2.1 times the 30-day average unit loading determined 
above. 

Toxic pollutants - The effluent limitations proposed for 
the selected toxic pollutant control parameters are derived from 
three sources of information including 1) literature based 
treatability estimates (Section 8 .1} , 2) screening and 
verification sampling data, 3) a limited amount of long-term 
monitoring data from Plant #251. 

The sampling results represent raw process waste pollutants 
observed during three days of composite sampling at each of the 
plants verified. An assessment of treatment system performance 
was not possible in view of the lack of representative effluent 
data available in the subcategory. Effluent data obtained 
during verification sampling is for treated waste water from the 
HF and AlF3 processes combined, since no plant is available 
which treats AlF3 wastes alone. Therefore, the screening and 
verification data may be used to determine candidate toxic 
pollutants for regulation without specifying achievable 
concentration limits which represent the AlF3 plant performance 
alone. However, review of the combined HF and AlF3 waste 
effluent data in Table 15-9 reveals that all toxic pollutants of
concern are treatable within the levels of treatability defined 
in Section 8.1 for lime settling (BPT). Removal of toxic 
pollutants from one waste water or the other would not differ in 
light of the similar nature of HF and AlF3 wastes. Therefore, 
the literature estimates of treatability discussed in Section 
8.1 have been used as 'the basis for determining specific 
numerical limitations for toxic pollutants. 
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A. Chromium: The literature treatability value of 0.1 
mg/1 from Table 8-11 for lime settling is considered to 
represent a maximum 30-day average concentration value for 
chromium in view of plant performance data in the HF and 
combined HF/AlF3 industries. The unit load limitation was 
calculated as follows: 

(0 .10 mg/1) (11. 9 m3/kkg) (_ kg/m3 \ = 
\1000 mg/1 ) 

0.0012 kg/kkg 

Since long-term monitoring data on chromium is not available, 
the variability factor ratio (VFR) of 2.0 was selected on the 
basis of lead monitoring data from Plant ~l251 presented in 
Tables A-lOa and A-lOe. This is justified by the similarity in 
the chemistry of lead, nickel, chromium, and other metals of 
concern under BPT treatment conditions. Therefore, 

VFR = VF of daily measurements = 3.12 
VF of 30-day averages 1.55 

VFR = 2.0 

The daily maximum limitation for chromium was determined as 
follows: 

(2.0) (0.0012 kg/kkg) = 0.0024 kg/kkg 

The proposed effluent limitations on chromium are presented in 
Table 15-19 for BPT treatment. 

B. Nickel: The raw waste concentration of nickel was 
observed as high as 0.29 mg/1 (Section 15.3.3, Table of Maximum 
Concentrations Observed) to an average value of 0.22 mg/1 at 
Plant ~705 (Table 15-8). The literature treatability value of 
0.20 mg/1 from Table 8""'111 for lime settling if? used for the 
purpose of regulation in view of the absence of actual plant 
performance data. The limitation is determined as follows: 

(0.20 mg/1) (11. 9 m3/kkg) ( kg/m3 .:\ = 
1000 mg/1) 

0.0024 kg/kkg 

Therefore, the 24-hour maximum load limitation is: 

(2. 0) (0. 0024 kg/kkg) = 0.0048 kg/kkg 

where 2.0 is the VFR as discussed for qhromium. 

c. Other metals: The concentration bases for arsenic, 
copper, selenium, and zinc are also presented in Table 15-19. 
These pollutants are listed to serve as guidance in cases where 
these pollutants are found to be of wa.ter quality concern. The 
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TABLE 15-19. PROPOSED LIMITATIONS 
Aluminum Fluoride 

Best Practicable Control Technology Currently Available 
Waste Water Flow: 11.9 m3/kkg 

======= :===------
Concentration Basis 

(1) (mg/U 
Pollutant VFR -------------

Effluent Limit 
(kg/kkg) 

------------
Subcategory 
Performance 

(mg/1) 30- day 24- hr 30-day 24-hr 
Av; Max Av; Max 

Conventional and 
Nonconventional Pollutants: 

(2) 
Total Suspended 97 2.1 97 200 1.2 2.4 
Solids, TSS 

(2) (4) 
Fluoride 53 2.1 53 110 Ql.63 1.3 

Toxic Pollutants: 

(3) (5) (6) (6) 
Arsenic 0. 5QJ 2.QJ Ql.50 1.0 

(3) (5) 
Chromium Ql.lQJ 2.QJ Ql.1QJ 0.20 QJ.QJQJ12 Ql.QJ024 

(3) (5) (6) (6) 
Copper 0. 5QJ 2.0 0.50 1.0 

(3) (5) 
Nickel 0.2QJ 2.QJ 0.20 0.40 0.0024 0. 0048 

(3) (5) (6) (6) 
Seleniun 0. 20 2.0 0.20 0.40 

(3) (5) (6) (6) 
Zinc 0.50 2.0 0.50 0.50 
-----------------------------------------------------------------~--~---

(1) - VFR: ratio of the 24 hour variability factor to the 
30 day variability factor. 

(2) - 30 Day maximum average concentration based on the proposed 
HF subcategory regulation (Section 12.7.2). 

(3) - The lower limit of the literature treatability estimate 
(Table 8-11) is used as the basis for the maximum 30-day 
average limitation and ~ubcategory performance, since no plant 
is available where BPT treabment can be evaluated for the A!F3 
waste water alone. 

(4) - VFR based on HF subcategory evaluation. 
(5) - VFR based on limited long term data. 
(6) - No effluent limitation proposed. 
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concentration limitations are also based on literature 
treatability levels presented in Table 8-11. However in every 
case these treatability levels were above raw waste 
concentrations observed for each of these metals. 

15.7.3 Basis for Proposed BCT Effluent Limitations 

The BCT limitation (applicable only to TSS) was set equal 
to BPT because the addition of more treatment technology to 
remove conventional pollutants failed to pass the BCT cost 
comparison test ( 44 FR 44501 July 30, 1979) as described in 
Section 3.3.3. 

15.7.4 Basis for Proposed BAT Effluent Limitations 

The Application of Advanced Level Treatment 

The Agency has analyzed the cost effectiveness of the base 
level systems (BPT) and the various advanced level options for 
conventional, nonconventional and toxic pollutant removal based 
on utilizing the cost estimates presented in this report. The 
economic impacts on the aluminum fluor ide industry have been 
evaluated in detail and taken into consideration in the 
selection of the technology basis for the proposed BAT 
regulations. 

For BAT, EPA is proposing limitations based on Level 2 
treatment. This treatment option adds dual media filtration to 
remove additional toxic metals and fluorides. This level of 
treatment removes 300 pounds per year of toxic metals and 62,000 
pounds per year of fluorides. Pollutants limited in proposed 
BAT regulations are fluoride, chromium, and nickel. 

EPA considered limitations based on Level 3 and 4 sulfide 
precipitation and use of soda ash to increase recycle, 
respectively. These options were rejected because they remove 
only small incremental amounts of toxic poilu tants in this 
subcategory. 

Technology Basis 

For BAT, the Agency proposes more stringent effluent 
limitations on fluoride and the toxic pollutants based on 
addition of dual media filtration or its equivalent to the BPT 
treatment system (Section 15.7.2). 

Flow Basis 

The same flow established for BPT in Section 15.7.2 is used 
in the development of the BAT effluent limitation. The flow 
used is 11.9 m3/kkg of product (Tab~e 15-4). 
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Selection of Pollutants to be Regulated 

The Agency has selected fluor ide and the same two toxic 
pollutants identified in the proposed BPT regulations for the 
BAT regulations. The rationale for their selection is discussed 
in Section 15.7.2. 

Basis of Pollutant Limitations 

Nonconventional pollutants The only nonconventional 
pollutant selected is fluoride. The limitation proposed for BAT 
is based on the evaluation of plant performance data discussed 
in Section 12.7. 4 for the HF subcategory. A maximum 30-day 
average concentration of 30 mg/1 for total fluoride was 
identified in the evaluation and is used here in Table 15-20 for 
establishing a numerical limitation. Selection of the 
concentration is based on the similarity between the waste 
stream from the HF and AlF3 subcategories. 

The 24-hour maximum concentration is determined as follows 
from the VFR and maximum 30-day average concentration: 

(2.1) (~0 mg/1) = 63 mg/1 

The effluent limitation for fluoride is determined as 
follows: 

(30 mg/1) (11. 9 m3/kkg) ( kg/m3 ) = 
1000 mg/l 

0.36 kg/kkg 

The 24-hour maximum limitation is determined in a similar 
manner as follows: 

(63 mg/1) (11. 9 m3/kkg) ( kg/m3 ~ = 
1000 mg/1) 

0. 75 kg/kkg 

The variability factor of 2.1 used for the development of 
BAT limita~ions is the same used for BPT in Section 15.7.2. 

The estimated performance of Level 3 and Level 4 
alternative technologies are presented in Tables 15-21 and 
15-22, respectively. The tables present the estimated maximum 
30-day average and 24-hour maximum concentrations for the 
purpose of comparison with the proposed regulations. 

Toxic pollutants - Addition of dual media filtration to the 
BPT level of treatment provides additional removal of the 
suspended metal hydroxides. · Therefore, BAT provides more 
stringent control of the toxic pollutants. Since there is no 
directly applicable data on filter performance for the AlF3 
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TABLE 15-20. PROPOSED LIMITATIONS 
Aluminum Fluoride 

Best Available Technolggy 
W:tste W:tter Flow: 11. 9 m3 /kkg 

Concentration Basis Effluent Limit 
SUbcategory (1) (mg/1) (kg/kkg) 

Pollutant Perfonnance VFR Max 24-hr Max 24-hr (mg/1) 30-day Max 30-day Max 
A A 

l>bnconventional 
Pollutants: 

Fluoride 30 (3) 2.1 30 63 0.36 0.75 

Toxic 
Pollutants: 

Arsenic 0.50(5 ) 2.0 0.50 1.0 
(4) (4) 

Chl:anium (2) 0. 04 (5) 2.0 0.04 0.08 0.00048 0.00096 

COPJ;:er 0. 29 (5) 2.0 0.29 0.58 
(4) (4) 

Nickel (2) 0.17 (5) 2.0 0.17 0.34 0.0020 0.0040 

Seleniun 0.18(5) 2.0 0.18 0.36 
(4) (4) 

Zinc 0.47(5) 2.0 0.47 0.94 
(4) (4) 

(1) - VFR: ratio of the 24-mur variability factor to the 30-da.y variability 
factor. 

(2) -Also applicable for pretreatment standards for existing sources (PSES) 
which are expressed as concentration. 

(3) - 30-day average calculated from the HF subcategory Table 12-21 and 
12-25. 

(4) - l:'b effluent limitation proposed. 
(5) - Literature treatability estimates. 
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Pollutant 

TABLE 15-21. PERFORMAN::E OF ALTERNATIVE TECHNOLOGY 
Alum:inum Fluoride 

Level of Treabnent: 3 
waste W:iter Flow: 11/9 m3 /kkg 

Concentration Basis 

Treatability (1) (mg/1) 

(mg/1) VFR Max 
30-day 

Nonconventional 
Pollutants: 

\ 

Fluoride 25 3.0 25 

Toxic 
Pollutants: 

Arsenic 0.050 2.0 0.050 

Chranium 0.040 2.0 0.040 

Copper 0.050 2.0 0.050 

Nickel 0.10 2.0 0.10 

E'elenium 0.18 2.0 0.18 

zinc 0.20 2.0 0.20 

24-hr 
Max 

75 

0.10 

0.080 

0.10 

0.20 

0.36 

0.40 

(1) - VFR: ratio of the 24-h::mr variability £actor to the 30-day variability 
factor. 
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Pollutant 

TABLE 15-22. PERFORMANCE OF ALTERNATIVE TECHNOLOGY 
hluminum Fluoride 

Level of Treatment: 4 2 W3.ste W3.ter Flow: 2.4 m3jk.kg (80% Recycle) ( ) 

' 
Concentration Basis 

Treatability VFR(l) 
(mg/1) 

(mg/1) 
Max 24-hr 30-day 

.Max 
A 

Nonconventional 
Pollutants: 

Fluoride 30 2.1 30 63 

Toxic 
Pollutants: 

Arsenic 0.50 2.0 0.50 1.0 

Chl:anium 0.04 2.0 0.04 0.08 

Copper 0.29 2.0 0.29 0.58 

Nickel 0.17 2.0 0.17 0.34 

Selenium 0.18 2.0 0.18 0.36 

Zinc 0.47 2.0 0.47 0.94 

(1) - VFR: ratio of the 24-hour variability factor to the 30-day variability 
factor. 

(2) -The effluent flow rate is 20 percent of too average influent or basis 
of flow (i.e., 0.20 x 11.9 m3jk.kg = 2.4 m3jk.kg). 
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industry, the literature treatability studies cited in Section 
12.7.4 under "Toxic Pollutants" for the HF industry are used in 
the following determinations. The estimated percentage removal 
efficiency, presented in the a.forementioned section, was applied 
to the 30-day averase concentrations developed for the BPT 
limitations to establ1sh the proposed BAT regulation. The basis 
for the BAT limitation on each toxic metal is given below. 

-A. Chromium: Filtration of the BPT effluent is estimated 
to reduce the chromium concentration by 60 percent. Therefore, 
the maximum 30-day average concentration would be 0.04 mg/1 by 
the following relationship: 

BPT 30-day average (100% - 60%) = 
concentration 100% 

BAT 30-day·average 
concentration 

The limitation is determined numerically as follows: 

(
100 - 60) 

100 
0.10 mg/1 = 0.040 mg/1 

Application of the BAT model plant discharge rate results 
in the proposed chromium limitation as follows: 

(0. 040 mg/1) (11. 9 m3/kkg) f. kg/m3 ) = 
\. 1000 mg/1 

0.00048 kg/kkg 

and, the daily maximum limitation using the VFR value of 2. 0 
becomes 

(2.0) (0.00048 kg/kkg) = 0.00096 kg/kkg 

The VFR value of 2.0 used for BPT is similarly used for BAT 
because the variability of the filtrate quality is anticipated 
to be no greater than the observed variability of the unfiltered 
effluent. The variability factor was observed from long-term 
data at Plant f251 (Tables A-lOa and A-lOe). Treatability 
studies are being conducted by the EPA that assess the proposed 
BAT level of treatment. 

B. Nickel: Filtration of the BPT effluent is estimated to 
reduce the nickel concentration by 14 percent. Therefore, the 
maximum 30-day average concentration would be 0.17 mg/1 by the 
following calculation: 

(
100 - 14) (0.20 mg/1) 

100 
= 0.17 mg/1 

Application of the BAT model plant discharge rate gives the 
following load limitation for nickelr 
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(0.17 mg/1) (11.9 m3/kkg)( kgjm3 ~ = 
lOOO mg/1 -) 

consequently the 24-hour maximum value is 

(2.0) (0.0020 kgjkkg) = 0.0040 kgjkkg 

as presented in Table 15-20. 

0.0020 kgjkkg 

c. Other metals: The concentration basis for arsenic, 
copper, selenium, and zinc are also given in Table 15-20 
assuming O, 42, 14, and 6 percent removal efficiency, 
respectively, by the addition of filtration to the BPT system. 
The values presented in Table 15-20 for these toxic pollutants 
are intended for use in cases where they are of concern from a 
water quality standpoint. However in all cases the treatability 
level was above the raw waste concentration levels observed. 

15.7.5 Basis for Proposed New Source Performance Standards 

Technology Basis 

For NSPS, the Agency proposes the same treatment technology 
that is proposed for BAT. 

Flow Basis 

The same flow established for BPT and BAT is used in the 
development of the NSPS effluent limitations. 

Selection of Pollutants to be Regulated 

The Agency has selected TSS, fluor ide and the same two 
toxic pollutants identified for the BAT regulations. The 
rationale for their selection is discussed in Section 15.7.2. 

Basis of Pollutant Limitations 

Conventional pollutants -

A. pH: For NSPS, the BPT limitation is retained. Control 
of the final effluent within the range of pH between 6.0 and 9.0 
is required based on data presented in Appendix B of this report 
and the JRB study (52). 

B. TSS: In view of the absence of applicable performance 
data concerning TSS, a value of 68 mg/1 was assumed from the HF 
subcategory for the maximum 30-day average concentration. The 
value was developed by assuming a 30 percent reduction in TSS 
over the 30-day average concentration estimated for BPT (97 
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mg/1). The assumption is based on pilot scale studies (41) 
which have demonstrated an average removal by filtration of 
approximately 30 percent from waste water containing suspended 
metal hydroxides after lime treatment. 

A VFR of 2.1 is used on the bas is of long-term data 
presented in Table 12-21 of the HF subcategory. The proposed 
30-day average limitation on TSS is determined as follows: 

(11G9 m3/kkg) ( kg/m3 ) = 
\: 1000 mg/1 

0.81 kg/kkg 

The 24-hour maximum consequently becomes kg/kkg) ::::. 1. 7 
kg/kkg. 

The proposed NSPS limitations are presented in Table 15-23. 

Nonconventional pollutants Fluoride is the only 
nonconvent~onal pollutant and is set equal to the BAT limitation 
of 30 mg/1 for NSPS. 

Toxic pollutants - Waste water sources are expected to be 
the same as currently identified for new source AlF3 plants. 
Therefore, the proposed toxic pollutant limitations for NSPS 
have been set equal to the proposed BAT limitations by the 
Agency. BAT limitations for the toxic pollutants is discussed 
previously in Section 15.7.4. 

15.7.6 Basis~ Proposed Pretreatment Standards 

Existing Sources 

Pretreatment Standards for Existing Sources (PSES) are 
proposed by the Agency to equal BAT limitations. The pollutants 
to be limited are fluoride, chromium, and nickel. 

New Sources 

Pretreatment Standards for New Sources (PSNS) are proposed 
by the Agency to equal proposed BAT limitations. The pollutants. 
to be regulated include fluoride, chromium, and nickel. 
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TABLE 15-23. PROPIDSED LIMITATIONS 
Aluminum Fluoride 

New Source Perfonnance Standaxds 
waste water Flow: 11. 9 m3 /kkg 

Concentration Basis Effluent Limit 
(1} (mg/1} (kg/kkg} 

l?ollutant Treatability VFR 
(mg/1} Max Max 

30-day 24-hr 30-day 24-hr 
Avg Max Avg Max 

Conventional and 
Nonconventional 
l?ollutants: 

Total SUspended 
68 (2} Solids, TSS 2.1 68 140 0.81 1.7 

Fluoride, F (5} 30 (2} 2.1 30 63 0.36 0.75 

Toxic 
B:>IIutants: 

Arsenic 0.50 (3} 2.0 0.50 1.0 
(4} __ (4} 

Chraniu:n (5} 0.04 (3} 2.0 0.04 0.08 0.00050 0.0010 

Copper 0.29(3} 2.0 0.29 0.58 
(4} (4} 

Nickel (5} 0.17 (3} 2.0 0.17 0.34 'O'.w0020 0.0040 

Selenium 0.18 (3} 2.0 0.18 0.36 
(4} {4) 

Zinc 0.47 (3} 2.0 0.47 0.94 
{4) (4} 

(1) - VFR: ratio of the 24-h::mr variability factor to the 30-day variability 
factor. · 

(2) - 30-day average calculated from the HF sul::category Table 12-29. 
(3) - Literature treatability est.inates from BAT level treatment. 
(4) -No effluent limitation prop::>sed. 
(5) -Also applicable for treabnent standards for new sources (PSNS) which 

are expressed in concentration. 
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SECTION 16 

CHROME PIGMENTS INDUSTRY 

16.1 INDUSTRY PROFILE 

16.1.1 General Description 

Chrome pigments are a family of inorganic compounds 
primarily used as colorants in a number of industries. These 
pigments are used in paints, ceramics, floorcovering products, 
ink, paper, and cements.· However, certain chromium compounds 
(i.e., oxides) may be used as raw materials in the manufacture 
of certain metals and alloys. Chrome pigments vary 
substantially in their chemical makeup. The various types 
include chrome yellow, chrome orange, molybdate chrome orange, 
anhydrous and hydrous chromium oxide and zinc yellow. The 
industry data profile is given in Table 16-l and the status of 
the regulations are shown in Table 16-2. 

l~~1.2 General Process Description and Raw Materials 

The general manufacturing process for each of the above 
compounds is given below. 

Chromium Oxide 

This pigment consists of two compounds; anhydrous and 
hydrated chrome ox~de (Guigets Green) • The amount of the 
anhydrous salt oxide produced is approximately ten times the 
amount of hydrated chromi'c oxide produced. It is offered in a 
narrow range of shades from light yellowish to dark bluish 
green. 

Anhydrous oxide is almost pure chromium oxide and the 
commercial grade consists of a minimum of 98.5 percent Cr203. · 
It is prepared by calcination of sodium dichromate with sulfur 
or carbon according to the reactions given below: 

Na2Cr207 + S = Cr203 + Na2S04 (1) 
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Tl\BLE 16-1. SOBCA'l'EXDR! 1?R1:FnE DATA stM11!.R!(l) 

CHRJME: PIGlENTS 

Total subcategory capacity rate 

Total. subcategory production rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing production 
Plant pl:Oduction ran;e:(2) 

M:l.ninun 

MaXim.nn 
Average production 

Median production 

Average capacity utilization 

Plant age range: 

M:l.niJmJ;n 

Max:im.m 
W!stewater flow ran;e: 

Mi.n:inun 

MaXim.nn 
Volune per unit product: 

Minimlm 

MaxiEtun 

63,000 kkg/year 

64,500 kkg/year 
12 

5 

39, BOO kkq/year 

62 percent 

100 kkg/year 

18,000 kkg/year 

6,300 kkg/year 

6,400 kkg/year 

78 percent 

38 years 

60 years 

800 cubic rceters/ day 

11,363 cubic rceters/day 

32 cubic rreters/kkq 

170 cubic rceters/kkq 

(1) Sources of data are stanfom Resecm::h Institute, Directory of Che.nical 
Producers, u.s.A., 1977, u.s. Department of Ccmrerce, current Industrial 
RepOrts, DecEmber 19777 Energy ani Envi.rorlnental Analysis, Inc.; Draft 
Report, "Preliminary F.clOnanic Assessrent: of Effluent IJmitations in the 
Inorganic Chanical Industry_" June, 1978 and "Eoonanic Analysis of Proposed 

:Revised Effluent Guidelines and Standards for the Inorganic Chemicals Industry," 
March, 1980. 

(2) Based on p:rodu::tion at 11 plants, all other figures are based on 308 
Questionnaire.s. 
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TABLE 16-2. STATUS OF RmlLATICNS - EF'FilJENr LIMITATICN GUIDELINES 

Product 
Process 

Chrome 
Pigment 

Chrome Pigments 

AH (40 CFR 415.340, 5/22/75) 

STANDARDS 

BJ:C'ICA * ~ 

Max. I Avg. 2 
Max. Avq. 

Para- kg/kkq kg/kkg kg&:;l.) k~f) meters {rng/1) (In3'/l) 

TSS 
5.1 1.7 Reserved 
(76.1) * (25.4) 

cr (T) 0.10 0.034 
(1.5) {0.5) 

cr+6 0.010 Q.0034 
(0.2) {0.1) 

Pb 0.42 0.14 
(6.3) {2.1) 

Zn 0.72 0.27 
{10.8) {4 .0} 

CN 0.010 0.0034 
(1.5) (0.5) 

CN(A) 0.10 0.034 
(0.2) (0.1) 

Fe 0.72 0.27 
(10.8) (4.0) 

NSPS 

¥ax· Avg. 

kt~> k1@1> 
Reserved 

* ' Sections 415.340, 415.341, and 425.342 were revoked by the Agency 
,£41 FR 5160~, November 23, 1976}.. 
~. = Max:inulm of aey one day. 
2
Avg. =Average of daily values for thirty consecutive days. 

* flow basis 67, 000 1/kkg. 

553 



Na2Cr207 + 2C = Cr203 + Na2C03 + CO (2) 

The use of sulfur as the reducing agent eliminates C02 and CO 
emissions but increases the sulfates in the raw waste as well as 
producing 502 and 503 in the off-gases. In the manufacturing 
process using sulfur, the raw materials consisting of sodium 
dichromate and sulfur are mixed with water and the resultant 
solution is fed to a kiln. The material is heated and the 
reacted materials from the kiln are slurried with water, 
filtered, washed, dried, ground, screened, and packaged. The 
effluent gases from the kiln containing sulfur dioxide and 
sulfur trioxide are wet scrubbed before venting to the 
atmosphere. 

A general process flow diagram of the preparation of 
anhydrous chrome oxide is given in Figure 16-1. 

Hydrated chromium oxide, Cr203. 2H20 or Cr20 (OH) 4, also 
known as chromium hydrate and Guigets Green, is a brilliant 
bluish green. It is made by reacting sodium dichromate with 
boric acid as follows: 

2Na2Cr207 + 8H3B03 = 2Cr203.2H20 + 2Na2B407 
+ 8H20 + 302 ( 3) 

The raw materials are blended in a mixer and then heated in an 
oven at abou~ 550 degrees c. The reacted material is slurried 
with water and filtered. The filtered solids are washed with 
water, dried, ground, screened, and packaged. The filtrate and 
the wash water are treated with sulfuric acid to recover boric 
acid according to the reaction given below: 

Na2B407 + H2S04 + 5H20 = 4H3B03 + Na2S04 (4) 

A waste stream containing some boric acid and sodium 
sulfate is discharged from the boric acid unit. Figure 16-2 is 
a generalized flow diagram of the process. 

Chrome Yellow and Chrome Orange 

Chrome yellow is one of the more important synthetic 
pigments. The chrome yellows cover the range of hues from light 
greenish yellow to reddish medium yellow and consist mainly ~f 
l.ead chromate. They are made by reacting sodium dichromate, 
caustic soda, and lead nitrate. The reactions are given as: 

2HN03 + PbO = Pb(N03)2 + H20 (5) 

Na2Cr207 + 2NaOH + 2Pb(N03)2 = 2PbCr04 + 4NaN03 + H20 (6) 
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Figure 16-1. General process diagram for production of anhydrous chrome oxide. 
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Lead chromate is formed as a precipitate during the 
reaction. It is filtered and treated with chemicals for 
development of desired specific pigment properties, dried, 
milled, and packaged. The filtrate from the filtration 
operation is sent to the waste water treatment facili tv. A 
flow diagram of the chrome yellow manufacturing process is~shown 
in Figure 16-3. 

Molybdenum Orange 

Molybdenum orange is made by the coprecipi tat ion of lead 
chromate {PbCr04) and lead molybdate {PbMo04). The resulting 
pigments are more brilliant than chrome oranges. 

The process consists of dissolving molybdic oxide in 
aqueous sodium hydroxide and adding sodium chromate. The 
solution is mixed and reacted with a solution-of lead nitrate. 
The precipitate from the reaction is filtered, washed, dried, 
milled and packaged. The filtrate is sent to the treatment 
facility. 

The reaction is given as follows: 

Mo03 + 2NaOH = Na2Mo04 + H20 

PbO + 2HN03 = Pb{N03)2 + H20 

Na2Mo04 + Pb (N03)2 = PbMo04 + 2NaN03 

Na2Cr04 + Pb (N03)·2 = PbCr04 + 2NaN03 

PbMo04 + PbCr04 = PbCr04.PbMo04 

(7) 

(8) 

(9) 

{10) 

(11) 

A simplified flow diagram for the manufacture of molybdenum 
orange is given in Figure 16-4. 

Chrome Green 

Chrome greens are a coprecipitate of chrome yellow and iron 
blues. They include a wide variety of hues from very light to 
very dark green. Iron blues are manufactured by reaction of 
aqueous solution of iron sulfate and ammonium sulfate with 
sodium hexacyanoferrate. The precipitate formed is separated 
and oxidized with sodium chlorate -or sodium chromate to form 
iron blues (Fe NH4 .Fe CN 6). Chrome green is produced by 
mechanically mixing chrome yel.l:ow and iron blue pigments in 
water. The coprecipi tate formation of chro~e green, is given by: 

PbCr04 + Fe(NH4) .Fe(CN)6 = PbCr04Fe(NH4) .Fe(CN)6 (12). 
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Figure 16-5 gives a process flow diagram for the 
manufacture of chrome green. 

Zinc Yellow 

Zinc yellow, also called zinc chromate, is a greenish 
yellow pigment. It is a complex compound of zinc, potassium, 
and chromium which has the approximate composition 
4Zn0.K20.4Cr03.3H20. It is made by the reaction of zinc oxide, 
hydrochloric acid, sodium dichromate, and potassium chloride. 
Zinc yellow is formed as a precipitate and is filtered, washed, 
dried, milled, and packaged for sale. The reactions are given 
as: 

2KC1 + 2HC1 + 2Na2Cr207.H20 = K2Cr4013 + 4NaCl 
+ 3H20 

4Zn0 + K2Cr4013 + 3H20 = 4ZnO.K20.4Cr03.3H20 

(13) 

(14) 

A general flow diagram of the manufacturing process is 
given in Figure 16-6. 

16.2 WATER USE AND WASTE SOURCE CHARACTERISTICS 

16.2.1 Water Use 

In the chrome pigments industry, water is used primarily 
for noncontact cooling, washing the precipitated product, and as 
boiler feed for steam generation. In some cases, water is 
introduced into the reactor along with the raw materials. 

In addition, substantial quantities of water may be used in 
cleaning equipment. This occurs during product changes at 
plants manufacturing a number of pigments. This partially 
accounts for the increased unit water use at larger plants, 
since these plants have the most complex product mix. 

In anhydrous and hydrated chrome oxide manufacture, water 
is used for slurrying of the reaction proouct and in scrubbing 
the reactor vent gases. Table 16-3 is a summary of water usage 
at different pigment plants in the chrome pigments suDcategory. 

16.2.2 Waste Sources 

Some plants produce different pigment products 
sequentially 1n the same equipment. At a few plants, the 
different pigment products are manufactured concurrently and the 
waste waters combined and treated at a single facility. A 
generalized flow diagram applicable to all chrome pigment plants 
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TABLE 16-3. WATER USAGE IN THE c:IfRCME PIGMENTS SUBCAGEGORY(l) 

USE UNIT FI.fJi/ (m3 /kkg) 

Plant Designation 

#464 #436 #214 

Noncontact cooling - 9.50 6.45 NA 

Direct process contact 18.6 147 32.6 

Indirect process contact 7.18 NA (2) NA 

Maintenance 12.0 1. 78 0.152 

Scrubbers 3.30 9.56 (3) NA 

Boiler Feed 2.52 11.1 0.152 

Total 53.1 176 32.9 

(1) Includes all chrane pigment product mixes. Values indicated only 
for those plants that reported ccmplete info:rmation. 

(2) NA - Not applicable. 

(3) Iron blue pigment process. 
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is given in Figure 16-7. The waste water sources are similar 
for all pigment products except that at chrome oxide plants, an 
additional scrubber waste is generated. Table 16-4 gives the 
waste water flow data summary for several plants. The quantity 
of waste water and the pollutants vary for the different pigment 
products since the pollutants are dependent on the raw materials 
used. The figures in Table 16-4 represent actual ·plant 
discharges. 

The data sources for the plants used in the determination 
of unit flow values presented in Table 16-4 are outlined below: 

Plant f.464. Data based on 308 questionnaire submission. 
Only chrome pigment production and flows were included. 

Plant #214. Data based on 308 questionnaire submission. 
Chrome pigment and iron blue production and flows were included. 

Plant ¥,436. Data based on 308 questionnaire submission. 
Chrome pigment production and flows were included. 

Plant f.002. Data based on three days of sampling. Chrome 
pigment and organic pigment (20%) productions and flows were 
included. 

Plant i894. Data based on three days of sampling. Chrome 
pigment, iron blue, and organic pigment (15%) productions and 
flow were included. 

As previously discussed, various plants make several chrome 
pigments sequentially or concurrently. Thus the unit hydraulic 
load going to the treatment facility will be an average of all 
the waste loads from tpe different processes. The raw waste 
from a complex plant may contain nearly all of the following 
substances: sodium acetate, sodium chloride, sodium nitrate, 
sodium sulfate, potassium chloride; lead, iron, and zinc salts; 
soluble chromium and pigment particulates. 

16.3 DESCRIPTION OF PLANTS 

16.3.1 Screening 

Plant 1894 was visited during the screening phase of the 
program. The samples for this plant were analyzed for.all toxic 
and conventional pollutants. 

This plant produces over 100 products including organic 
pigments such as copper phthalocyanine, and all the wastes are 
combined and. treated together •. Treatment consists of chromium 
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TABIE 16-4. stJM.1ARY OF WASTE WATER Fu;m 

SUBCATEGORY: 

Plant Designation 

#464 

#214 

#436 

#002 

#894 

Weighted Average Flow 

CHRCME PIG1ENTS 

Waste Water Flow(l) 
3 

(m /kkg) 

41.1 

32.8 

149 
78.4( 2 ) 

170(2) 

(1) rncludes waste water fran all pigment product mixes. 

(2) Includes organic pigments. 

(3) Weighted on the basis of production since unit waste flow is 
directly related to plant production: 

Weighted average= ~ [(unit flow) (production)] 

~ (production) 

i.e. =rQl(P) + Q2(P2) + Q3(P3)+ ••• +<41(Pn) 
1 

Pl+P2+P3+ •• +Pn 

Where Q =Unit flow and P = production (which is considered 
confidential infor.mation) • 
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VI reduction, equalization and neutralization, followed by 
clarification and filtration. Sulfur dioxide is aoded to reduce 
the hexavalent chromium to the trivalent state at a low pH prior 
to hydroxide precipitation. The backwash from the sand filters 
is recycled to the equalization tank, while the sludge from the 
clarif1ers is passed through filter presses and then hauled to a 
landfill. The landfill has a bottom consisting of two clay 
layers sandwiching a gravel layer to allow for collection of 
leachate ~rainage. Any water from the sludge is trapped in the 
gravel layer, and is pumped out and returned to the plant for 
retreatment. 

16.3.2 Verification 

Two plants were visited during the verification phase of 
the program. The first plant, ¥.002, has a rather large product 
mix. However, one of the larger continuous units can have a 
major impact on the raw waste characteristics. This unit either 
produces lead chromate or zinc chromate. During the sampling 
pe-riod, zinc chromate was being produced. All process waste 
waters are treated continuously. First, the wastes are treated 
in an S02 reactor to convert .hexavalent chromium to the 
trivalent state. The pH is then adjusted to 8.5 and then the 
waste is passed through precoated filters·, followed by discharge 
to the sewer. Figure 16-8 shows the treatment flow diagram and 
sampling points. Table 16-5 shows the waste flows and pollutant 
loadings. At sample point f2, half the sample was filtered 
through a glass fiber filter on a Buechner funnel to simulate 
the filtration process which was being bypassed at the time of 
sampling. Analyses were . carried out on the filtered and 
unfiltered samples in order to make possible a comparison of the 
total and dissolved concentrations. 

/ 
A review of the sampling data indicates that the waste 

treatment facility was not functioning properly during the 
period of sampling at Plant f.002. The inadequacies observed in 
the treated effluent quality have been related to deficiencies 
in the treatment system design including 1) inadequate 
equalization and S02 contact facilities, 2) inadequate 
clarification which in turn caused blinding of the filter and 
the subsequent need for filter bypass. 

Plant #894 was also visited during the verification phase. 
The treatment system has been previously discussed. The major 
problem at this plant is the high unit water use rate. However, 
this is the only plant found with an adequately designed and 
operated treatment system in this subcategory. 

During the verification phase, only certain 
parameters were analyzed. These were pH, cyanide, 
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TABLE 16-5. FIJ:JiJ, POLLUTANT CONCENTRATION AND IOAD 
DATA OF THE SAMPLED WASTE STREAMS FOR PIANT # 002 

SUBCATEGORY: CHRCME PIGMENTS 

Conventional and Nonconventional Pollutants 

(mg/1) 
(kg/kkg of chrome pigments) 

Stream Stream FlCM 
# Description (m3/kkg) TSS Fe 

1 Raw Waste 78.4 700 1.6 
55 0.13 

2-U Unfiltered 78.4 970 2.3 
Treated 76 0.18 
Waste 

2-F Filtered 78.4 NA (1) 0.06 
Treated 0.0047 
Waste 

(1) NA - Not available 
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solids, and toxic metals. 
verification. 

No organics were analyzed during 

Figure 16-9 shows the treatment system flow diagram with 
the sampling points indicated. Table 16-6 gives waste flows and 
pollutant loadings. 

16.3.3 Toxic Pollutant Concentrations 

The toxic pollutants found above treatable concentrations 
in the raw wastes during sampling are given in the table below. 
Screening data was obtained at Plant f.-894. Verification was 
completed at Plants #894 and #002. The only organic pollutant 
found in the raw waste above the protocol detectable limit (10 
pg/1) was naphthalene at 14 pg/1. It should be noted however 
that some nitrobenzene (56 pg/1) and phthalates at levels up to 
220 pg/1 were found in the treated effluent and one raw water 
intake. Since they were not present in the raw was,tes, it is 
presumed they are present as a results of sample contamination; 
i.e., plasticizer in Tygon Tubing. No organic pollutant 
sampling was made during verification. 

Section 5.1.2 of this report describes the methodology of 
the screening and verification sampling program. In the chrome 
pigments industry, 9 days of sampling were conducted at Plants 
:fl:894 and f002. This involved 5 different sampling points for 
raw and treated waste streams. The evaluation of toxic metals 
content of these process related waste streams was based on 195 
analytical data points. The screening at Plant ¥894 for organic 
pollutants generated another 228 data points. The Claily raw 
waste loads were calculated from the waste stream flow rates 
measured or estimated at the time of sampling and the measured 
concentration. 

That is, 

Daily loading as kg of pollutant 
day 

Where: 

= (C) (Q) 
1000 

C is the concentration of the pollutant expressed in 
units of mg/1 (Note: kg/m3 = 1000 mg/1), and 

Q is the waste.stream flow rate expressed in units of 
m3/day. (m3, a cubic meter, is equal to 264.2 u.s. 
gallons.) 

Similarly, the unit loadings were calculated from the 
reported chrome pigments production rate, the waste stream flow 
rate, and the measured pollutant concentration. 
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TABLE 16-6. FI.J:1fl, POLUJTl\NT, CONCENTRATION AND IQAD DATA FOR THE SAMPLED 
WASTE STREAMS AT PLANT # 894 

SUBCATEGORY: CHRCME PIGMENTS 

Conventional and Nonconventional Pollutants (3) 
(mg/1) 

(kg/kkg of chrane pigments) 

Stream 
# 

1 

2 

3 

5 

Stream 
Description 

Raw Waste 

Final 
Discharge 

Leachate 

Sand Filter 
Influent 

(1) Not Applicable 

(2) Not Detected 

Flow 
(m3/kkg) 

170 

170 

NA (1) 

170 

TSS 

770 
130 

3.9 
0.66 

ND(2) 

11 
1.9 

Fe 

48 
8.2 

0.30 
0.051 

0.04 
NA 

1.0 
0.17 

Cr(VI) 

ND(2) 

0.023 
0.0039 

ND (2) 

ND(2) 

(3) Verification sampling which involves three 24-hour composite samples. 
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Unit loading {as kg of pollutant 
per kkg of chrome pigments) 

= {C) (Q) 
lOOO{P) 

Where C and Q are the same as described above, and P is the 
pigment production rate expressed in units of kkg/day. 
(kkg is 1000 kg, a metric ton, which is equal to 2205 lbs.) 

The minimum, average, and maximum values are based on data 
from those plants where the particular pollutant was found at 
concentrations greater than the analytical detection limits and 
significant in that it could conceivably be treated by an 
available treatment technology regardless of economic 
considerations. 

In Table 16-7, the toxic pollutant raw waste data are 
presented as the average daily concentrations and the unit 
loading found at the individual plants. Tpe overall averages 
are also shown and were subsequently used in the calculations of 
the average daily loadings and the average unit loadings shown 
in Table 16-8 along with the corresponding minimum and maximum 
values. The toxic pollutant concentrations in the treated 
effluent are presented in Table 16-9 for the two plants visited 
during verification sampling. · 

Based on the total annual production from Table 16-1 of 
this subcategory and the average waste load generated per unit 
product from Table 16-8, the estimated total toxic pollutant raw 
waste loads generated each year for this subcategory are as 
follows: 

Pollutant 

Antimony 
Cadmium 
Chromium 
Copper 
Lead 
Nickel 
Zinc 
Mercury 
Cyanide 
Phenol (1) 
Phenolics (1) 

Waste Load (kg/year) 

37,000 
7,100 

1,030,000 
48,000 

250,000 
1,200 

310,000 
230 

34,000 
900 

l,500,000 

(1} From organic pigment process 
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TABLE 16-7. 'IOXIC E'OLWTANT RAW WASTE DATA 

SUECATEGORY: cma.ml PIGm:NTS 

Average Daily Pollutant COncentrations and I.oad:ings at Plants Sarrq?1ed (1) 

(n~'/1) 

(kg/kkg of Chl:ane Pigments) 

Pollutant Plant DesJ.gnation 

#894(5) (2) #894(V) (3) #002(V) 

Antim:lny 7.7 0.76 1.4 
1.5 0.13 0.11 

cadmiun 0.79 0.88 0.20 
0.15 0.15 0.016 

Chranium 55 82 310 
10 14 24 

copper 7.5 4.1 1.4 
1.4 0.70 0.11 

Iead 36 4.8 54 
6.8 0.82 4.2 

Nickel 0.16 0.017 0.32 
0.030 0.0028 0.025 

Zinc 4.1 4.2 163 
0.78 0.71 13 

Mercury * 0.042 0.00043 
* 0.0072 0.000034 

Cyanide, eN 3.6 4.9 0.71 
0.68 0.84 0.056 

Cyanide, CN (A) * 0.88 * 
* 0.15 * 

OVerall 
Average 

3.3 
0.58 

0.62 
O.ll 

150 
16 

4.3 
0.74 

32 
3.9 

0.17 
0.019 

57 
4.8 

0.014 
0.0036 

3.1 
0.53 

0.88 
0.15 

(l) The met:h:ldo1ogy of the sampling·program is described in 'Section5.1.2, and 
Section 16.3.3 presents the scope of saill?ling in the chrane pigments industry. 

(2) s - Screening data from one 72-l'our can);Osite sample of individual. or 
canbined raw waste streams. 

(3) V -verification data fl:an three 24-:I:Dur <XlnJ;OSite samples, averaged , 
fran each raw waste sampling );Oint. 

* concentration below detect:ion or no data available. 
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TABLE 16-8. S£M.!ARY OF RAW WASTE I.CI!illiOOS FOOID IN OCRE:EN:£00 AND VERIFICATION Sl\MPLIOO 

SJOCATEmRY CHRCt<!E PIGMENI'S 

Pollutant IDadiD] Rmge, Unit !Dadmg, No. of(2 ) 
(kg/day) (kg/kkg) Plants 

Min :unum M:lximun Minimum Average M:lximun AveragErl 

'lbxic 

Ant.Jioony 6.0 98 0.11 0.58 1.5 3 

cadniun 0.87 10 0.016 6.11 0.15 3 
Chroniun (l) 700 1300 10 16 24 3 

Ul ())pper 6.1 96 0.11 0.74 1.4 3 -..] 
Ul 

Lead 55 459 0.82 3.9 6.8 3 

Nickel 0.19 2.0 0.0028 0.019 0.030 3 

Z:im 48 714 0.71 4.8 1313 3 

Mercury 0.0019 0.48 0.000034 0.0036 0.0072 2 

Cyanide, CN 3.1 56 0.056 0.53 0.84 3 

Cyanide, CN (A) 9.8 0.15 1 ,. 
Pheool 0.93 0.014 1 

Preoolics 8.8 0.13 1 

CX>nvent.ional and Nonconvmt.ional 

'lbtal 
&IspendErl 
s:>1ids, TSS 3100 8800 55 93 130 2 

Fe 7.1 550 0.13 4.2 8.2 2 

Hexavalent (l) 
Chraniun 
Cr+6 1300 24 1 

(1) Hexavalmt chraniun is only one valent fonn of chromium. 

- (2) Only trose plants Mlet'e tre p:>llutant W'ls observErl at significant levels were inclooErl. 



TABLE 16-9. '!OXIC POLLUrAN.I' TRFATED WASTE ~'T'A (l) 

SUBCATEGORY: CHOClME PIGMEN!'S 

Pollutant Plant Designation OVerall (2) 
(mg/1) #894 #002 Average Concentration 

Ant:inony 0.30 0.43 0.37 

caanium 0.0084 0.12 0.064 

Chranium 0.33 130 65 

Copper 0.035 0.077 0.056 

Lead 0.11 1.5 0.81 

Nickel 0.021 0.083 0.052 

Zinc 0.058 117 59 

Mercury ND(3) ND ND 

Cyanide, CN 0.065 * 0.065 

Cyanide, CN(A) 0.0067 * 0.0067 

(1) Verification sampling concentrat.ion data, average of three 24-h:>ur 
composite samples. 

(2) Average of b:o plants sh:>wn during verification sampling. 

(3) Not detected. 

* No data 
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16.4 POLLUTION ABATEMENT OPTIONS 

16.4.1 Toxic Pollutants of Concern 

The toxic pollutants found in significant amounts are 
mostly the heavy metals found in the products as well as the 
chromium ore and other raw materials. These metals are cadmium, 
chromium, copper, lead, zinc, antimony and nickel. In addition, 
some cyanide was found in raw wastes and treated effluents. 
This cyanide is a result of the manufacture of iron blues and, 
at one plant site, HCN. However, these guidelines do not apply 
to iron blues; they will be included in Phase II of the 
Inorganic Chemicals regulation development. There is 
significant removal of the cyanides in the chrome pigments 
treatment, however, probably due to the precipitation of 
ferrocyanides. The HCN manufacturing process is also regulated 
by another guideline (see Section 17). Some organic toxic 
pollutants were found during the screening phase. This was 
believed to be an anomaly caused by the sampling procedure, 
since they were also found in the raw intake water, treated 
effluent, or in the raw waste. In addition, any organics 
present are probably caused by organic pigments manufacture 
which is not regulated by this guideline, hut will be regulated 
under the Organic Chemicals Category. 

All the 
subcategory 
particulates. 

waste waters generated in the chrome pigments 
contain dissolved chromium and pigment 

Additional pollutants that may be anticipated are given 
below for each major pigment group. 

Chrome Yellow and Chrome Orange 

The raw waste waters contain sodium acetate, sodium 
chloride, sodium nitrate, sodium sulfate, and lead salts. 

Chrome Oxide 

The aqueous process effluent contains sodium sulfate. If 
boric acid is used in the preparation of hydrated chromic oxide 
then the waste water will contain sodium borate and boric acid. 

Chrome Yellow and Ch~ome Orange 

Additional pollutants 
chrome yellow and chrome 
acetate, sodium chloride, 
lead salts. 

present in the raw waste water from 
orange manufacture include sodium 

sodium nitrate, sodium sulfate, and 
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Molybdenum Orange 

Process waste effluents from the manufacture of molybdenum 
orange contain sodium chloride, sodium nitrate, sodium sulfate, 
chromium hydroxide, lead salts, and silica. 

Chrome Green 

The raw waste water contains sodium nitrate. If iron blue 
is manufactured on site as part of the process for chrome green 
manufacture, the waste water also contains sodium chloride, 
ammonium sulfate, ferrous sulfate, sulfuric acid and iron blue 
pigment particulates. 

Zinc Yellow 

The raw wastes contain hydrochloric acid, sodium chloride, 
potassium chloride, and soluble zinc salts. 

16.4.2 Process Modifications and Technology Transfer Options 

The major process problem in the industry is the high rate 
of water use in some cases. This can be alleviated in a number 
of ways. 

1. Close attention to product quality in conjunction with 
reduction of product rinses. 

2. Reduction in equipment cleaning rinses by the following 
methodologies: 

a. Recycle of rinse waters. 

b. Minimizing of product changes by the use of better 
planning and increased number of units. 

Equipment cleaning is known to contribute approximately 20 
percent of the waste load volume at one plant (f002). 

3. Use of parallel treatment for individual product lines. 
This will allow the reuse of rinse waters and the recovery of 
products presently lost in waste sludges. · 

4. The use of ion exchange and/or reverse osmosis on 
isolated waste waters. This will allow total recovery of 
product as well as total reuse of waste water. This system is in 
use on one line at Plant ¥409. 
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The above options were reviewed, but except for option 1 
were not considered for inclusion in the treatment models due to 
the engineering required and their capital intensive nature. 

16.4.3 Best Management Practices 

1. All storm water and surface area runoff from the plant 
site should be collected and sent to a treatment facility if the 
water is contaminated from process wastes. This contamination 
can be minimized by storag.e of chemicals indoors, proper air 
pollution control, and elimination of all spills. 

' ~ 
2. If the solids from the treatment plant are disposed of 

on-site, provision should be made to control leachates and 
permeates. It js possible to monitor the metal concentrations 
and when concentrations approach predetermined limits, the 
leachate can be pumped back to the treatment system for further 
treatment. 

16.4.4 Prevailing Control and Treatment Practices 

A description of the 
those plants visited is 
addition, the following 
remaining plants. 

individual treatment facilities for 
given in 16.3.1 and 16.3.2. In 
information was obtained for the 

Plant f214 manufactures pigments and other chemicals. The 
plant does not have a waste water treatment facility. After pH 
adjustment, waste is discharged to a POTW. Part of the process 
waste i~ recycled. 

Plant :ff-593 manufactures organic and inorganic chemicals. 
Existing combined waste water treatment plant consists of 
lagoon, aeration, clarifiers, and filters. The sludge disposal 
is on-site landfill. 

Plant 
pigments. 
POTW. 

:f!.464 manufactures both organic and inorganic 
After pH adjustment, waste water is discharged to 

Plant f,lOl manufactures inorganic ceramic pigments, color 
and porcelain. The existing combined waste water facility 
consists of a series of settling basins. Sludge disposal is to 
off-site landfill. After pH adjustment, the final discharge is 
to a POTW. 

Plant #502 manufactures both organic and 
pigments, of which chrome pigments are a small part. 
consists of pH adjustment prior.to discharge. 
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Plant 4!:436 manufactures several chemicals in addition to 
chrome pigments. The treatment system consists of 
neutralization with caustic and clarification in settling 
lagoons prior to discharge. Sludge is contract-hauled 
approximately once every three years. 

Plant ~409 manufactures specialty chemicals and inorganic 
pigments. The existing waste water treatment facility consists 
of S02 reduction, clarification, filters and pH adjustment. 
Sludge disposal is to an off-site location. 

Plant #997 manufactures chromic oxide and sulfuric acid. 
Production data is not available. The existing waste water 
treatment facility consists of pH adjustment, S02 reduction and 
lagoons. 

Plant #962 manufactures inorganic pigments (chrome 
yellow) • Existing waste treatment plant consists of 
flocculation, clarification and filters. After pH adjustment, 
the effluent is discharged to a POTW. Sludge is recycled to 
process. 

Plant f 200 manufactures and imports small quanti ties of 
chrome pigments. Treatment is unknown. 

In summary, a review of the existing treatment system 
descriptions indicates that the prevailing treatment practices 
appear insufficient except for the system at Plant f894. The 
major problems besides total lack of treatment is lack of 
sufficient residence time, lack of critical treatment units, and 
failure to collect all waste streams. As previously stated, 
only Plant #894 has a properly designed and operated treatment 
system. This system is basically the same as the Level 1 
treatment system shown in Figure 16-10. 

16.4.5 Advanced Treatment Technologies 

The treatment technologies in use in the industry consist 
of segregation, equalization, S02 reduction·, alkaline 
neutralization, clarification, and filtration. In addition, the 
following technolgies were reviewed for model plant development: 
sulfide precipitation, ion exchange, reverse osmosis, and the 
xanthate process. 
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16.5 SELECTION OF APPROPRIATE TECHNOLOGY AND EQUIPMENT 

16.5.1 Technologies for Different Treatment Levels 

A careful review of the end-of-pipe treatment methods 
available to industry was made. As a result, the following two 
methodologies were chosen as treatment levels. The following 
considerations were made in establishing the models: 

l. Effective reduction of pollutants. 

2. Established treatment practices in the industry. 

3. The cost of technology. 

4. The adaptability of the mooel to different s~tuations. 

Level 1 (BPT/BAT) 

Consists of equalization, S02 reduction, 
precipitation, clarification, and filtration. 

Level 2 

alkaline 

For better 
precipitation is 
filter. 

removal of 
incorporated 

the trace metals, sulfide 
ahead . of the BPT dual media 

The flow diagrams for these two levels are shown in Figqres 
16-10 and 16-11. 

16.5.2 Eguipment for Different Treatment Levels 

Equipment Functions 

In both levels, the i~coming wastes are acidified in a 
holding tank and then treated with sulfur dioxide solution in a 
reactor to convert hexavalent chromium to trivalent chromium. 
Caustic soda is then added as a precipitant and a polymeric 
coagulant is added to help settle the heavy metal hydroxides in 
a clarifier. The settled effluent is then filtered in a dual 
media filter and discharged after pH adjustment to the range 6 
to 9. In Level 2, ferrous sulfide is added ahead of the dual 
media filter for more effective precipitation of all the 
residual heavy metals, including antimony. As in Level 1, the 
filter effluent is adjusted to a pH .between 6 to 9 before 
discharge. 
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Chemicals and Handling 

Sulfuric acid and caustic soda solutions are common 
industrial chemicals which are readily handled with conventional 
liquid feeding equipment. Sulfur dioxide is received as a 
compressed gas which is dissolved in water by a modified gas 
chlorinator and fed to the reactor to maintain consistent 
reducing conditions. Polymer is fed by a standard package of 
holding tank, mixer, and feeder. With normal precautions there 
are no unusual hazards in handling chemicals for treatment of 
chrome pigment wastes. 

Separation and Disposal of Solids 

Solids from the clarifier, including recirculated filter 
backwash solids, are dewatered in a filter press and hauled to a 
chemical landfill. Sludge filtrate is returned to the influent 
holding tank. 

Monitoring Requirements 

Internal process monitoring consists of maintaining proper 
pH levels in the holding tank and final effluent, using 
conventional field equipment. A reducing environment is 
maintained in the reactor, using an oxidation-reduction 
potential instrument and/or analysis for excess S02. Periodic 
effluent analyses for chromium and heavy metals should be made 
on composite samples by atomic absorption methods, for official 
reporting purposes. Sulfide monitoring is generally unnecessary 
because dissolved sulfides should not exist in the presence of 
excess ferrous iron and oxygen. 

16. 6 TREATMENT COST ESTIMATES 

16.6.1 General Discussion 

To prepare cost estimates, a model plant concept was 
developed and plant criteria developed for both Level 1 and 
Level 2~ 

Waste Water Flow 

The data for five plants with usable flow data is 
summarized in Table 16-4. This information was used on a 
production weighted basis to determine the average flow in the 
industry. This average was computed to be 105 m3/kkg (25,200 
gal/ton). This value was used for sizing the model plants. 
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Chromium Pigment Production 

Production in the chrome pigment subcategory ranges from a 
low of 100 kkg/year to a high of approximately 18,000 kkg/year. 
The mean production is approximately 7200 kkg/year. For the 
purposes of estimating treatment costs, four production levels 
were selected as model plants. These are 1500 kkg/year, 4000 
kkg/year, 6000 kkg/year, and 18,000 kkg/year. These cover the 
entire range of production rates. Most plants produce many 
chrome pigment products on a continuous basis so the operational 
mode selected was continuous and assumed to run 350 oays per 
year. Chrome pigments are usually produced in integrated 
facilities with the necessary flexibility to shift from one 
product or combination of products to another. The model plant 
was selected to reflect this type of complexity. 

Waste Water Pollution Load 

For the model plants, the loads are based on verification 
plant data. This data indicated an average loading of 16 kg/kkg 
chromate•s as chromium (Table 16-8). Total toxic metals loadings 
ranged from 12 kg/kkg to 47 kg/kkg. Total suspended solid 
loadings ranges from 55 kg/kkg to 130 kg/kkg (Table 16-8). The 
overall solid waste generation,is expected to be 85 kg/kkg to 
150 kg/kkg (dry solids}. For the purpose of determining solid 
waste generation, a value of 105 kg/kkg (dry solids) was 
selected. 

The costs shown at each level of treatment correspond to 
the model plant BPT system (Level 1) and an alternative system 
incorporating sulfide precipitation into the BPT model in order 
to meet more stringent toxic pollutant requirements. 

The estimated costs for the four models is given in Tables 
16-10, 16-11, 16-12, and 16-13. For these models, both 
hydraulic and pollution loads per unit of production were held 
constant over the entire range of production. Annual treqtment 
costs as a function of production is shown graphically in Figure 
16-12, while unit treatment costs as a function of production is 
given in Figure 16-13. 

In order to determine the accuracy of the treatment model, 
an attempt was made to compare the model costs against actual 
industry costs. Cost data ·were received on two plants, one with 
treatment installed and one in the design stage. No attempt was 
made to compare costs item by item since these specific costs 
may differ for the following reasons: 

1. Variations in land costs. 
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TABLE 111-10. MODEL PLANT TREA'IMENT COOTS 
============================================================================== 

Subcategory CHRCME PIQ\1.ENI'S 

Production 

Waste water flow 

J,500 metric tons per yea~l) 
4 metric tons per day 

454 cubic meters per day. 

(1,fi5~ tons per year~l) 
( 4 tons per day) 

LEVEL OF 'IREA'IMEN'I(2) 

A. INVES'IMENT COST 

Construction ••••••••• 
Equir;ment in place, 
including piping, 

,fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place •••.•.••..•..• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
rand .. ............... . 

TorAL INVES'IMENI' COST 

B. OPERATION AND 
MAINTENANCE COST 

Labor and supervision. 
Energy •.•••••....•.... 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal •••.••....•••. 
Monitoring, analysis 
and reporting ••••••••• 

TorAL OPERATION AND . 
MAINTENANCE COST 

C. l'.MCRTIZATION OF 
INVES'IMENT COST 

TorAL ANNUAL COST 

(1) 350 days per year 

FIRST 

$36,800 

280,650 

9,000 

65,290 

65,290 
11,000 

$463,030 

$112,000 
7, 350. 

53,000 
45,703 
1~,890 

5,000 

15,000 

$251,943 

$74,358 

$321i,301 
~ 

SECOND 

$1,000 

10,000 

2,200 

2,200 

$15,400 

$14,000 
100 

2,200 
1, 54Q 

462 

7,500 

$21i,002 

$2,505 

$28,507 

(2) First level represents the base cost of treatment system. 
Other levels represent the incremental cost above base c9st. 
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TABLE 1~-11. MODEL PLAN!' TRFA'IMENT COSTS 
============================================================================== 

Subcategory CHROME PIGMENI'S 

Production 4,000 metric tons per ye~i1 ) 
11 metric tons per day 

J219 cubic meters per dny. 

U) 
(4,410 tons per year) 

Waste water flow 

A. INVES'IMENT COST 

Construction ••••••••• 
Equipment in place, 
including piping, 
fittings, eJectrical 
work and controls ••••• 
Monitoring equipment 
in place .•.••..••..••. 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
I:and • ••••••••••••••••• 

TOTAL INVES'IMENT COOT 

B. OPERATION AND 
MA TNTENANCE COST 

Labor and supervision. 
Energy ....•...•...•.•. 
ChE>..micals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
diSIJC>Sal •••••••••••••• 
Monitoring, analysis 
and reporting ••••••••• 

TOTAL OPERATION AND 
MAINTENANCE COST 

C. JlMCRTIZATION OF 
INVES'IMENT COOT 

TOTAL ANNUAL COST 

(1) 350 days per year 

(12 tons per day) 

LEVEL OF 'IRFA'IMENT (
2

) 

FIRST 

S5~,_9oo 

510,000 

9,000 

ll4, 580 

114,580 
12,000 

$814,0fi0 

$112,000 
15,000 

141,300 
80,206 
24,421 

]5,000 

15,000 

S402, 927 

$130,495 

$533,122 

SECOND 

$2,00~? 

15,000 

3,400 

3,400 

$23,800 

$14,000 
iOO 

5,900 
2,380 

714 

7,500 

$30,794 

(2) First level represents the ba~e cost of treatment system. 
other levels represen~ the 'incremental cost above base cost. 
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TABLE 16- 12 • MODEL PLAJ\fl' TREA'IMENT COOTS 
----========================================================================== 

Subcategory CHROME PIGMENTS 

Production 

Waste water flow 

li, 000 metric tons per year(1) 
17 metric tons per day 

1820 cubic meters per day. 

(1) 
( fl 1 nl5 tOnS per year) 
(18 tons per day) 

LEVEL OF 'IREA'IMENT (2) 

A. INVES'IMENI' COOT 

Construction ••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place •••..•••.••..• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
I.and ••••• •••••.••••••• 

TarAL INVES'IMENI' COOT 

B. OPERATION AND 
MAINTENANCE COOT 

Labor and supervision. 
Energy ••..•...••..••.. 
Chemicals •••.•.....•.. 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal •••.•••••.••.• 
Monitoring,. analysis 
and reporting ••••••••• 

TOTAL OPERATION AND 
MAINTENANCE COST 

C. J!MCRTIZATION OF 
INVES'IMENI' CCET 

Tffi'AL ANNUAL COST 

(1) 350 days per year. 

FIRST 

$71,400 

667,000 

9,000 

149,480 

149,480 
12,000 

$1,058,360 

$112,000 
20,200 

211,500 
104,636 

31,750 

20,000 

15,000 

$515,086 

$170,242 

$685,328 

SECOND 

$5,000 

20,000 

5,('!00 

5,000 

$35,000 

$14,000 
300 

8,800 
3,500 
1,050 

7,500 

$35,150 

$5,694 

$40,844 

(2) First level represents the base cost of treabnent system. 
Other levels represent the incremental cost above base cost. 
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TABLE 141-_13. MODEL PLANT TREA'IMENT COSTS 
============~================================================================= 

Subcategory CHRCME PIG1ENTS 

Production 

Waste water flow 

. (1' 18,000 metric tons per year ' 
51 metric ~ons per day 

54~0 cubic meters per day. 

(19,845 tons per year)
1

> 
(56 tons per day) 

LEVEL OF 'IREA'IMENT (2) 

A. INVES'IMENT COST 

Construction ••••••••• 
Equipment in place, 
includjng piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place •.••..•••.•••. 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land •••••• •••••••••••• 

TOI'AL INVES'IMENT COST 

B. OPERATION AND 
MAINTENA~E COST 

Labor and supervision. 
Energy ........ ••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
d i SJ?C)Sal o ••••••••••••• 

Monitoring, analysis 
and reporting ••••••••• 

TOTAL OPERATION AND 
MAINTENANCE COST 

C. AM.ffiTIZATION OF 
INVES'IMENT COST 

TOTAL ANNUAL COST 

(1) 350 days per year 

FIRST 

$205,500 

1,495,500 

9,000 

342,000 

342,000 
18,000 

$2,412,000 

$112,000 
28,000 

635,000 
239,400 

72,31i0 

liO,OOO 

15,000 

$1,1~1,71i0 

$389,503 

$1' 551,263 

SECOND 

$4,000 

110,000 

12,800 

12,800 

$89,600 

$14,000 
600 

21i,400 
8,960 
2,688 

7,5o'O 

$60,148 

$14,577 

$74,725 

(2) First level represents the base cost of treabment system. 
other levels represent the incremental cost above base cost. 
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Figure 16-12. Annual trea:bnent cost vs. production for the chrome pigments 
subcatego:cy. · 
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2. Variations in hydraulic loading. 

3. Varying costs of solid waste disposal. 

The following overall results were obtained: 

Model Plant 
Plant ¥002 
Plant f894 

Annual Costs 
($/kkg) 

86.18 
85.38 
91.03 

The above data indicate a very good correlation between the 
model plant and site specific engineering estimates. 

Table 16-14 presents a summary of the unit cost 
distribution beween amortization, operation, and maintenance 
cost components at various production and levels of treatment. 

For the model plant, the primary sources of waste water are 
from product washing, slurrying of reaction products, scrubbing 
of reactor vent gases, and washing of equipment due to procuct 
changes. 

16.6.2 Model Plant Costs 

The major costs for the Level 1 model plant are equipment, 
labor, and chemical costs. Engineering design and equipment 
maintenance are also fairly large. The majority of the annual 
cost is tied up in operation and maintenance. This cost can 
approach 50% of the total capital cost. 

The second level of treatment has a much lower incremental 
cost than the first. However, the cost breakdown is quite 
similar to Level 1. 

The cost of transporting and disposal of 30% s~lids sludge 
is included in the cost estimates. 

16.7 BASIS FOR REGULA~IONS 

16.7.1 Evaluation of BPT Treatment Practices 

A number of factors are anticipated to contribute to a wide 
variation in the effluent quality at chrome pigment plant 
treatment facilities. Consider at ion of these variations is 
included in establishing limitations in that the performance of 
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Tl\l3LE. 16-14. MODEL PLANT TREATMENT COSTS 

Subcategory: CHRGre PIGMENTS 

COST ITEM 

Annual Operation 
and .Ma.intenance 

Annual 
Arrortization 

Total Cost 

PROD~ICN FI..Cm 
(kkg/yr) (m3/0a.y) 

1,500 454 
4,000 1,219 
6,000 1,820 

18,000 5,460 

1,500 454 
4,000 1,219 
6,000 1,820 

18,000 5,460 

1,500 454 
4,000 1,219 
6,000 1,820 

18,000 5,460 
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Annual Treatment Costs ($/kkg) 

LEVEL OF TREATMENT 

FIRS 'I' SECOND THIRD FOURI'H 

167.96 17.33 Not Applicable 
100.73 7.70 

85.85 5.86 
64.54 3.34 

49.57 1.67 
32.62 0.97 
28.37 0.95 
21.64 0.81 

217.53 19.00 
133.36 8.67 
114.22 6.81 

86.18 4.15 



the plant on which limitations are based is a large complex 
plant that encounters all of these factors. These include the 
following: 

Product Changes 

Changes in products require that equipment be thoroughly 
cleaned prior to reuse. Therefore, frequent product changes 
will result in higher waste flows. 

Product Application 

The final disposition of 
quality required. The higher 
required for rinsing. 

Air Pollution Control 

the 
the 

product will 
guali ty, the 

affect the 
more water 

Equipment will be required in many cases for control of the 
environment as well as off-site air compliance. Scrubbers will 
add some waste flow to the treatment system. This flow, 
however, is generally small. 

Other Related Products 

Many plants manufacture other types of pigments including 
iron blues and organic pigments. These products generate 
significant quantities of waste water which tend to oilute 
chrome pigment wastes. However, these waste waters were 
included in the computation of the unit waste flow. Therefore, 
the use of parallel treatment for existing facilities producing 
other pigments is not required at this time as long as chromium 
pigment production is the majority of the overall production. 
The following guidelines should be used in applying these 
regulations: 

1. When determining the .effluent loaoings, the total 
production of a facility will be used as long as the chrome 
pigment production is in the majority. 

2. When the chromium production is the minority of the 
overall production, the total production should be used for 
computing the effluent limits under the following conditions: 
the remaining production (other than chrome pigments) generates 
a waste water containing significant amounts of toxic metals 
which will be removed by a chrome pigment treatment system. 

3. For those facilities (existing sources) where chromium 
production is in the minority and the wastes from other sources 
do not contain metals above accepted levels of treatability, 
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segregation and parallel treatment of chromium pigment wastes 
are recommended. However, the permitting authority or POTW must 
consider the following balancing factors: 

a. The economic impact on the facility balanced against 

b. The environmental benefits of parallel treatment. 

In addition to the above factors, the design and operation 
of the treatment facilities affect effluent quality. Important 
factors are equalization, S02 contact time and pH depression, 
S02 dose, proper neutralization, and adequate solids removal. ,----

Table 16-15 is a summary of verification sampling and long
term effluent monitoring data at Plant f894 for the major 
pollutants of concern. Plant #002 sampling results are excluded 
from the subcategory performance evaluation, since the treatment 
system was not functioning properly as previously discussed. 
The long-term monitoring data in Table 16-15 is for the maximum 
30-day average long-term moni torinq results. Sufficient data 
was not available to estimate long-term daily maximum values. 

Plant ¥894 is the only known plant with Level 1 treatment 
system installed and operating. Table A-lla sets forth means, 
variability factors, and the 95 percent monthly average. 
Maximum daily performance (99%) was not computed since the 
discrete sampling data was not available at the time of the 
evaluation. The performance evaluation in Table 16-5 is 
utilized for the development of proposed regulations for TSS and 
applicable toxic metals. 

As previously stated, only one plant of the existing twelve 
is known to have a Level 1 treatment system installed. This 
plant represents approximately 30-35 percent of total 
production. Most other plants have some type of treatment 
installed, but none of these appear to be adequate. This 
technology is expected to remove 3,200,000 pounds per year of 
toxic metals. 

The Agency is conducting addi tiona! treatability studies 
for the subcategory, the data from which will be available 
before promulgation of a final regulation. 

16.7.2 Basis for Proposed BPT Effluent Limitations 

Technology Basis 

For BPT, the Agency is proposing limitations based on 
equalization, reduction of hexavalent chromium followed by 
alkaline precipitation, and dual media filtration. Reduction of 
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TABLE 16-15. SUMMARY OF I..ONG TERM AND VERIFICATION EFFLUENT SAMPLING 
RESUIII'S AT PLANT #894 

SUBCATEOORY: CHROME PIGMENTS 

Pollutant 
Verification Sampling ( 3) Achievable Performance 
(rrg/1) (kg/kkg) Max 30-GI.ay Avg 

(rng/1) (kg/kkg) 

Total Suspended 
Solids, TSS 3.9 0.66 23 3.9 

Iron 0.30 0.051 NA (2) NA 

Antinony 0.30 0.051 NA NA 

Arsenic ND(l) ND 0.16 0.027 

cadmium 0.0084 0.0014 0.12 0.020 

Chranium 0.33 0.056 0.73 0.12 

Copper 0.035 0.0060 0.25 0.42 

Lead 0.11 0.019 0.87 0.15 

~ ND ND 0.0016 0.00027 

Nickel 0.021 0.0036 NA NA 

Zinc 0.058 0.0099 0.074 0.013 

Cyanide (CN-A) 0.065 0.011 0.068 0.012 

Cyanide (Total) 0.0067 0.0011 0.31 0.053 

Chranium (VI) 0.023 0.0039 0.30 0.051 

{1) ND, Not Detected. 

(2) NA, Not Available. 

(3) Fran Table 16-9. 

(4) Fran Table A-lla, "Historical Effluent MJnitoring Data Surrmary." 
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flow by the methods given in 16.4.2 was considered but not used 
since their application is site specific. However, they are 
quite viable options in most cases and could result in 
substantial treatment cost savings. 

Flow Basis 

The basis of flow for the proposed BPT limitations is 
estimated from data provided in the 308 questionnaires and plant 
visits during sampling. Table 16-4 presents the plant flow data 
used for the purpose of regulation. A weighted average flow was 
determined based on plant production. In other words, plants 
producing a greater quantity of chrome pigment product have a 
waste flow which has a greater influence on the average flow 
calculation. This approach for the determination of the average 
flow is substantiated by the unit waste flow which is related to 
the plant production rate. 

Since plants in the chrome pigments subcategory do not 
segregate waste waters from the various pigment processes for 
treatment, the basis of flow for the purpose of regulation 
includes all process related waste water combined. The flow 
basis is 105 m3/kkg from Table 16-4. This flow does not include 
any recycle or reuse of waste waters other than some incidental 
recycle being done at five plants included in the data base. 

Selection Basis for Pollutants to be Regulated 

The selection of pollutants for which specific numerical 
effluent limitations are proposed was based on an evaluation of 
raw waste data from the screening and verification sampling 
program. Pollutant data from the plant sampled during screening 
was used to determine the need for verification sampling. 
Verification sampling at Plants ¥002 and f.894 provided 
additional pollutant raw waste concentration data needed to 
assess the magnitude of the pollution potential. 

Results of the screening and verification sampling are 
tabulated in Section J6.Y.3 for the raw process waste streams. 
The pollutant concentration listed under verification is the 
highest value observed during sampling at the two plants 
visited. 

Toxic pollutants are listed based on their presence, during 
sampling, at significant concentration levels. Pollutants from 
this list were considered as candidates for regulation if their 
concentrations appeared to equal or exceed in at least one 
instance the lowest level estimated as treatable using any 
available technology appropriate for their removal, ignoring 
economic considerations. 
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The relative significance of the candidate pollutants was 
estimated based on the total annual raw waste load for each 
pollutant which appears in a Table in Section 16.3.3. The total 
annual load is based on the average concentration observed 
durinc:t screening and verification which is tabulated in Table 
16-8 1n addition to the estimated annual production of 64,500 
kkg of product for the industry. 

Specific numerical effluent loading limitations were 
proposed only for those candidate pollutants which appeared at 
average concentration levels {Table 16-7) considered to be 
treatable for at least one plant visited during sampling. 

On the basis of concentration and total annual raw waste 
loads determined during sampling, chromium, zinc, lead, copper, 
antimony, cadmium, nickel and mercury have been id'entified in 
the raw waste stream and are also candidates for regulation. 
Organic pollutants and cyanide are not included, since they are 
considered products of iron blue, organic .pigments, or HCN 
production as discussed under 16.3.1. In addition, these 
parameters will be covered by future regulations in other 
subcategories. 

In view of the treatment technology currently practiced and 
the related nature of the candidate pollutants, control of the 
more significant toxic pollutants should ensure adequate control 
of those metals which may occasionally appear at treatable 
levels. 

Consideration of direct hexavalent chromium limitations 
has been dropped due to problems with the analytical procedure. 
Studies have shown significant inaccuracies in the measurement· 
of hexavalent chromium in chrome pigment wastes. It does not 
appear that this problem will be overcome in the near future. 
However, hexavalent chromium will be adequately controlled by 
the total chromium limit. This is because almost all the 
chromium must be converted to the trivalent state in order to be 
removed from solution by alkaline precipitation. Limitations on 
hexavalent to some degree ·may be considered redundant • 

. Hexavalent chromium should be excluded from consideration 
in the proposed regulations. The complexity and subsequent 
accuracy of the analysis may cause misleading conclusions if 
used as an effluent monitoring parameter. S02 reduction under 
acidic conditions should convert hexavalent chromium to its 
trivalent form which can be conveniently verified by analysis of 
total chromium in the treated effluent. Chromium can not be 
removed by alkaline precipitation unless it is in the trivalent 
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form. Therefore, if the S02 reduction step fails to reduce the 
hexavalent chromium it will become apparent i:h the effluent 
total chromium concentration. 

Basis of Pollutant Limitations 

Conventional and Nonconventional Parameters -

A. pH: The treated effluent is to be controlled within 
the range of 6.0 to 9.0. This limitation is based on the data 
presented in Appendix B of this report and the JRB Study (52). 

B. Total Suspended Solids (TSS): Review of the long-term 
monitoring and verification sampling data in Table 16-15 
indicates a maximum 30-day average TSS discharge of 3.9 kg/kkg 
for the purpose of the proposed limitation determination. The 
30-day average concentration basis is then determined as 
follows: 

(
3. 9 kg/kkg) (1000 mg/1'\ = 
105 m3/kkg kg/m3 / 

37 mg/1 

The 24-hour maximum loading limitation is determined by the 
following relationship: 

( 
30-day average ) lVFR) 

loading or concentration 
= 24-hour maximum 

loading or 
concentration 

The variability factor ratio (VFR) is estimated from the 
Titanium ·Dioxide Sulfate Process Subcategory based on 30-day 
average and daily variability factors for zinc. The l~ng-term 
monitoring data on zinc showed daily average concentrations 
ranging from 0.010 to 1.14 mg/1 during a period of more than two 
years (Tables A-9a-l and A-9c-l in Appendix A) . This range of 
values for zinc nearly spans the observed range of toxic metal 
concentrations found in the effluent from Chrome Pigments Plant 
f.894 (Table 16-15). The VFR of 2.4 for zinc in the Ti02 Sulfate 
Process reflects the overall metal removal performance of 
alkaline precipitation followed by settling and discharge 
without filtration. Therefore, this VFR is applied to the 
Chrome Pigments industry as a conservative estimate of the 
performance of a similar treatment technology which does include 
a final filtration step. Therefore, t"he 24-hour maximum 
limitation becomes, 

(3.9 kg/kkg) (2.4) = 9.4 kg/kkg 

C. Other pollutants: The 
also presented in Table 16-15. 
to serve as guidance in cases 
serious concern. 

concentration basis for iron is 
This concentration is intended 
where iron is found to be of 
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Toxic Pollutants 

The effluent limitations proposed for the selected toxic 
pollutant control parameters are derived from three sources of 
information including 1) screenin9 and verification samplinq 
data, 2} literature oased treatabil1ty estimates (Section 8.1); 
and 3} a limited amount of long-term monitoring data at Plant 
~894. 

The sampling results represent plant performance observed 
during three days of sampling. The sampling data was used 
primarily to select the pollutants of concern, and in the case 
of antimony and nickel the sampling results were used to 
estimate the 30-day average concentration in view of the lack of 
long-term monitoring data for these two pollutants. 

The sampling data for Plant f-894 appears to demonstrate 
that in some cases the effluent quality for metal pollutants are 
considerably better for BPT treatment than indicated by 
literature treatability data in Section 8.1. This high degree 
of incidental removal supports the contention that by applying 
effluent limitations just to the dominant metal pollutant{s), an 
effective control of the other metals may also be assured. 

The VFR used to determine the proposed 24-hour maximum 
limitations is based on long-term data for zinc in the Titanium 
Dioxide Subcategory. 

A. Chromium: The raw waste concentration for chromium was 
observed as high as 370 mg/1 and averaged 1.50 mg/1 during 
sampling (Table 16-7). The long-term monitoring results 
indicate a maximum 30-day average discharge of 0.12 kg/kkg which 
is the basis of the proposed limitations. The concentration 
basis then becomes, 

(
0.12 kg/kkg\ ( _1000 mg/1) = 
105 m3/kkg/~ kg/m3 

1.1 mg/1 

The 24-hour maximum is determined as follows, 

(0.12 kg/kkg} (2.4) = 0.29 kg/kkg 

where the VFR is set equal to 1.9 based on data from the 
Ti02 subcategory. 

B. Zinc: Proposed zinc limitations were set. equal to 
chromium. Tables 16-7 and 16-9 indicate that the removals of 
zinc and chromium are similar at Plant f,002 where zinc is found 
at very high raw waste concentrations. 

600 



c. Lead: The raw waste concentration for lead was 
observed as high as 69 mg/1 and averaged 32 mg/1 during 
sampling. The long-term monitoring results indicate a maximum 
30-day average discharge of 0.15 kg/kkg which is used as the 
30-day average limitation. The concentration basis then 
becomes, 

(
0.15 kg/kkg\(1000 mq/1) = 
105 m3/kkg ) kg/m3 

1.4 mq/1 

The 24-hour maximum proposed limitation then becomes, 

( 0 .15 kg/kkg) ( 2. 4) = 0. 36 kg/kkg. 

D. Copper: The raw waste concentration for copper was 
observed as high as 6.2 mg/1 and averaged 4.3 mg/1 during 
sampling. The lonq-term monitoring results indicate a maximum 
30-day average discharge of 0.042 kg/kkg which is used for the 
proposed limitations. Therefore, the proposed concentration 
basis becomes, 

( 
0. 042 kg/kkg.'\ (1000 mg/1) = 

105 m3/kkg ) kg/m3 
0.40 mg/1 

The 24-hour maximum proposed limitation then becomes, 

(0.042 kg/kkg) (2.4) = 0.10 kg/kkg. 
-

E. Antimony: The raw waste concentration for antimony was 
observed as high as 7. 7 mq/1 and averaged 3. 3 mg/1 during 
sampling. The verification· sampling results indicate an average 
discharge of 0.051 kg/kkg which is used as the 30-day average 
limitation. The concentration basis then becomes, 

(
0. 051 kJ/kkq\ (1000 m/gl) = 

105 m3 kkg ) kg/m3 
0.48 mg/1 

The 24-hour maximum is then, 

(0.051 kg/kkg) (2.4) = 0.12 kg/kkg. 

F. Cadmium: The raw waste concentration for cadmium was 
ohserved as high as 1.3 mg/1 and averaged 0.62 mg/1 during 
sampling. The long-term monitoring results indicate a maximum 
30-day average discharge of 0.020 kg/kkg which is used as the 
30-day limitation. The concentration basis then becomes, 

( 0. 020 kJ/kkg) (]-000 mg/1) = 
105m3 kkg 'kg/m3 
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The 24-hour maximum is then, 

(0.020 kg/kkg) (2.4) = 0.048 kg/kkg. 

G. Nickel: The raw waste concentration for nickel was 
observed as high as 0. 7 4 mg/1 and averaged 0.17 mg/1 our ing 
sampling. The verification sampling results indicate an 
achievable concentration of 0. 021 mg/1 which compares to a 
literature treatability value of 0.17 mq/1. This was estimated 
by application of a 14 percent removal to 0.2 mg/1 from Table 8-
11 as demonstrated in Section 15.7.4 for nickel. Therefore, the 
proposed 30-day average limitation is based on 0.17 mg/1 as 
follows: 

(0.17 mg/1) (105 m3/kkg) 
( 

kg/m3 ) 
1000 mg/1 

= 0.018 kg/kkg 

The 24-hour maximum then becomes, 

(0.018 kg/kkg) (2.4) = 0.043 kg/kkg. 

The proposed limitations are summarized in Table 16-16 for 
BPT. 

H. Mercury: The raw \'7aste concentration for mercury was 
observed as htgh as 0.078 mg/1 and averaged 0.014 mg/1 during 
sampling. The 30-day average long-term monitoring data 
indicates a maximum 30-day average discharge of 0.00027 kg/kkg. 
At the unit flow rate of 105 m3/kkg, this reflects a discharge 
concentration of 0.0026 mg/1. Althou9h significant coincidental 
removal of mercury is observed with a large scale BPT system, 
the treatment technology is not specifically oriented for the 
treatment of mercury. Therefore, the·concentration basis for 
mercury is indicated in Table 16-16 for use in cases where it is 
found to be of serious concern. 

16.7.3 Basis for Proposed BCT Limitations 

The BCT limitation (applicable only to TSS and pH) was set 
equal to BPT because BAT is equal to BPT. 

16.7.4 Basis for Proposed BAT Effluent Limitations 

The Application of Advanced Level Treatment 

Utilizing the cost estimates presented in this report, the 
Agency has analyzed the cost effectiveness of the base level 
systems (BPT) and various advanced level options for 
conventional, nonconventional, and toxic pollutant removal. The 
economic impacts on the Chrome Pigments Industry have heen 
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TABLE 16-16. PROPOSED LIMITATIONS 
Chrane Pigments 

Best Practicable Control Technology CUrrently Available 
Waste Water Flow: 105 m3/kkg 

Subcategory VFR(l) Concentration Basis Effluent Limit 
Pollutant Performance (mg/1) (kg/kkg) 

(mg/1) 
Max Max 

30-day 24-hr 30-day 24-hr 
Avg Max Avg Max 

Conventional and Nonconventional 
Pollutants: 

Total Suspended 
23 (3) 2.4< 5> Solids, TSS 37 89 3.9 9.4 

Iron 0.30(4) 2.4 0.49 1.2 

Toxic Pollutants: ( 2> 

Antiorrony 0. 30 (4) 2.4 0.48 1.2 0.051 0.12 

Cadmium 0.12 ( 3) 2.4 0.19 0.46 0.020 0.048 

Chromium 0. 73( 3) 2.4 1.1 2.6 0.12 0.29 

Copper 0. 25 (3) 2.4 0.40 0.96 0.042 0.10 

Lead 0. 87 (3} 2.4 1.4 3.4 0.15 0.36 

Mercury 0.0016 2.4 0.0026 0.0062 

Nickel 0.021 (4) 2.4 0.17(6) 0.41 0.018 0.043 

Zinc 0.074(3) 2.4 1.1 2.6 0.12 0.29 

(1) VFR: ratio of the 24-hour variability factor to the 30-day variability 
factor. 

( 2) Also applicable to BAT and PSES which are set equal to BPT by the Agency. 

(3) Long term 30-day average monitoring data from Table 16-15. 

(4) Verification sampling results based on three, 24-hour composite effluent 
samples. 

(5} VFR selected from long term data evaluation in the Titanium Dioxide 
subcategory. 

(6) Lower limit of treatability estimate (Table 8-11). 

603 



evaluated in 
selection of 
regulations. 

detail and taken into consideration in 
the technology basis for the proposed 

the 
BAT 

The Agency is proposing BAT limitations based on treatment 
consisting of Levei 1 technology which is equivalent to BPT. 
The implementation of BPT/BAT will remove 3, 200,000 pounds of 
toxic metals annually. 

Technology Basis 

For BAT, the Agency is proposing the identical technology 
basis discussed for BPT in Section 16.7. 2. BAT includes no 
additional treatment because there are insufficient data to 
confirm performance and the added cost is not offset by better 
effluent quality. · 

Flow Basis 

The unit flow of 105 m3/kkg is also proposed for BAT. 

Selection of Pollutants to be Regulated 

The basis of pollutant selection is discussed for BPT under 
Section 16.7.2. For BAT, the toxic metals shown in Table 16-16 
are proposed for regulation. These include chromium, zinc, 
lead, copper, antimony, cadmium, and nickel. 

Basis of Pollutant Limitations 

The basis of the limitations are discussed in detail under 
BPT Section 16.7.2. Table 16-16 summarizes the proposed 
limitations for BAT which are designated by footnote 2. 

16.7 .5 Basis for Proposed New Source Performance Standards 

Application of Advanced Level Treatment 

Chrome pigment industry wastes primarily contain toxic 
metal pollutants which are particularly amenable to removal by 
~lkaline precipitation and sulfide precipitation. Almost all 
plants combine waste water from the chrome pigment process with 
waste water from unrelated processes. The Agency proposes that 
for new sources, the waste water from the chrome pigments 
process be segregated from waste water from other processes 
unless the other waste water contains toxic metal pollutants. 
Segregation and separate treatment of the waste waters can 
conceivably reduce treatment costs, and simplify the treatment 
of metals without complications from unrelated waste water 
constituents not amenable to metals treatment. 
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Technology Basis 

For New Source Performance Standards (NSPS), the Agency is 
proposing limitations based on more stringent removal of metals 
by sulfide precipitation before filtration in addition to BPT 
(Level 2). The Agency also proposes that all unrelated waste 
water sources which are not amenable to metals treatment, be 
segregated before treatment as previously dis.cussed. 

Flow Basis 

The basis for the unit flow used for the purpose of 
proposing limitations is 105 m3/kkg and does not differ from 
BPT. 

Selection of Pollutants to be Regulated 

The same conventional, nonconventional, and toxic 
pollutants selected for BPT Section 16.7.2 are also considered 
here for the proposed NSPS limitations. These include TSS, pH, 
iron, and the same eight toxic metal pollutants. 

Basis of Pollutant Limitations 

Conventional Parameters -

A. pH: For NSPS, the BPT limitation is retained. Control 
of the final effluent within the range of pH 6.0 to 9 .. 0 is 
required on the basis of the data presented in Appendix B of 
this report and the JRB Study (52) • 

B. TSS: For NSPS, the proposed BPT limitation is 
retained. Addition of sulfide precipitation is not anticipated 
to significantly improve or degrade the suspended solids since 
this treatment is not specifically intended to improve TSS 
removal efficiency. Therefore, the 30-day average limitation of 
3. 9 kg/kkg is retained based on the 30-day average long-term 
monitoring data (Section 16.7.2}. 

Nonconventional pollutants The only nonconventional 
pollutant considered is iron. Iron should be controlled 
adequately by the proposed treatment technology and is included 
in Table 16-17 on a concentration basis only. The proposed 
concentration basis is presented as guidance in cases where iron 
may be of serious concern. 

Toxic pollutants - The additlon of sulfide treatment to the 
proposed base level treatment is anticipated to provide more 
stringent removal of toxic metals. The proposed NSPS 
limitations are based on literature treatability estimates 
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TABLE 16-17. PROPOSED LIMITATIONS 
Chrane Pigments 

New Source Perfonnance Standards 
Waste Water Flow: 105 m3jkkg 

Concentration Basis Effluent Limit 

VFR(l) mg/1 (kg/kkg) 
Pollutant Treatability 

(mg/1) Max Max 
30-day 24-hr 30-day 24-hr 
Avg Max Avg Max 

Conventional and Nonconventional 
Pollutants: 

Total Suspended 
Solids, TSS 23 (3) 2.4 37 89 3.9 9.4 

Iron 0. 30 ( 3) 2.4 0.49 1.2 
(5) (5) 

Toxic Pollutants: 

Antirrony(2) 0.40(3) 2.4 0.40 0.96 0.042 0.10 

cadmium(2) 0.01 (4) 2.4 0.010 0.024 0.0011 0.0026 

Chranium ( 2) 0.05 (3) 2.4 0.05 0.12 0.0053 0.013 

Copper(2) 0.05 (4) 2.4 0.05 0.12 0.0053 0.013 

~d{2) 0.05 (4) 2.4 0.05 0.12 0.0053 0.013 

Mercury(2) 0.01 (4) 2.4 0.01 0.024 0.0011 0.0026 

Nickel (2) 0.05(4) 2.4 0.05 0.12 0.0053 0.013 

Zinc(2) 0.02 (4) 2.4 0.02 0.048 0.0021 0.0050 

(1) VFR: ratio of the 24-hour variability factor to the 30-day variability 
factor. 

(2) Also applicable to PSNS limitations. 

(3) Prq;x:>sed BPI' limitations are retained. 

(4) IDwer limit of literature treatability as per the discussion in Section 8.1 
and presented in Table 8-11. 

(5) No effluent limitation proposed. 
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(Table 8-11) since no plant in the industry currently utilizes 
sulfide precipitation of metals on which to base specific 
numerical limitations. 

The variability factor ratio (VFR) for the pollutants of 
concern are retained from the BPT limitations. The VFR is based 
on the Titanium Dioxide Subcategory for similar pollutants. 

A. Chromium: The proposed limitation for chromium is 
based on the literature treatability estimate of 0. OS mq/1, 
since sulfide treatment is not expected to improve significantly 
the removal efficiency other than coincidental removal. The 30-
day average limitation is therefore, 

(O.OS mg/1) (10S m3/kkg) ( kg/m3 ) = 
1000 mg/1 

and the 24-hour maximum limit becomes, 

(O.OOS3 kg/kkg) (2.4} = 0.013 kg/kkg 

O.OOS3 kg/kkg 

B. Zinc: The 30-day average zinc concentration is 
expected to achieve 0.02 mg/1 in view of the proposed technology 
basis and treatability values as was reported in the literature 
(Table 8-11). The proposed load limitation is then, 

(0.02 mg/1) (10Sm3/kkg} ( kg/m3 ) 
1000 mg/1 

= 0.0021 kg/kkg 

The 24-hour maximum concentration becomes, 

(0.0021 kg/kkg} (1.9} = 0.0040 kg/kkg 

c. Lead: The 30-day average lead concentration is 
expected to achieve O.OS mg/1 in view of the proposed technology 
basis and treatability values reported in the literature (Table 
8-11}. The proposed load limitation is, 

(O.OS mg/1) (105 m3/kkg} ( kg/m3 ) 
1000 mg/1 

= O.OOS3 kg/kkg 

The 24-hour maximum concentration becomes, 

(O.OOS3 kg/kkg} (2.4} = 0.013 kg/kkg. 

D. Copper: The 30-day average copper concentration is 
anticipated to achieve 0. OS mg/1 based on" literature 
treatability estimates. Therefore, the proposed limitation 
becomes, 
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(0.05 mg/1) (105 m3/kkg) 
( 

kg/m3 ) 
1000 mg/1 

= 0.0053 kg/kkg 

The 24-hour maximum concentration is then, 

(0.0053 kg/kkg) (2.4) = 0.013 kg/kkg. 

E. Antimony: The proposed BPT limitation for antimony is 
retained since sulfide treatment is not expected to improve 
significantly the removal of efficiency other than coincioental 
removal. Therefore, the proposed 30-day average limitation is 
0.042 kg/kkg in Table 16-17. 

(0.40 mg/1} (105 m3/kkg) ( kg/m3 ) 
1000 mg/1 

The 24-hour maximum is then, 

(0. 042 kg/kkg) (2. 4) = 0.10 kg/kkg. 

= 0.04.2 kg/kkg 

F. Cadmium: The 30-day average cadmium concentration is 
anticipated to achieve 0. 01 mg/1 based on literature 
treatability in Table 8-11. Therefore, the proposed limitation 
becomes, 

(0.01 mg/1} (105 m3/kkg} ( kg/m3 ) 
1000 mg/1 

The 24-hour maximum concentration is, 

(0.0011 kg/kkg} (2.4) = 0.0026 kg/kkg. 

= 0.0011 kg/kkg 

G. Nickel: The 30-day average nickel concentration is 
expected to achieve 0.05 mg/1 based on literature treatability 
estimates in Table 8-11. Therefore, the proposed 1imi tat ion 
becomes, 

(0.05 mg/1) (105 m3/kkg} 
( 

kg/m3 ) = 
1000 mg/1 

The 24-hour maximum becomes, 

(0.0053 kg/kkg) (2.4) = 0.013 kg/kkg. 

0.0053 kg/kkg 

H. Mercury: Sulfide precipitation of mercury can achieve 
approximately a 0. 01 mg/1 concentration baseo on literature 
treatability. Therefore, the proposed 30-day average 1oao 
limitation is, 
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(0.010 mg/1) (105 m3/kkg) ( kg/m3 ) 
1000 mg/1 

The 24-hour maximum limitation is, 

(0.0011 kg/kkg) (2.4) = 0.0026 kg/kkg. 

= 0.0011 kq/kkg 

16.7.6 Basis for Proposed Pretreatment Standards 

Existing Sources 

There are currently nine indirect discharge chrome pigment 
plants in the subcategory. For Pretreatment Standards for 
Existing Sources . (PSES) , the Agency is proposing limitations 
based on BAT described in Section 16.7.4. The pollutants to be 
limited are chromium, zinc, lead, copper, antimony, cadmium, and 
nickel as presented in Table 16-16. · 

New Sources 

For Pretreatment Standards for New Sources (PSNS), the 
Agency is proposing limitations based on NSPS. The pollutants 
are indicated in Table 16-17 •. 
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SECTION 17 

HYDROGEN CYANIDE INDUSTRY 

17.1 INDUSTRY PROFILE 

17.1.1 General Description 

Over 50 percent of the Hydrogen Cyanide manufactured is 
produced by the Andrussow process, while about 40 percent is a 
by-product from acrylonitrile manufacture. A major portion of 
the production is used in the manufacture of methyl 
methacrylate, plexiglass molding and extrusion powders, and 
surface coating resins. It is also used as a fumigant for 
orchards and tree crops. The industrial data profile for this 
industry is given in Table 17-1, while the status of regulations 
is given in Table 17-2. 

17.1.2 General Process Description and Raw Materials 

The hydrogen cyanide subcategory in this study is confined 
to the Andrussow process, in which air, ammonia and methane are 
reacted to produce hydrogen cyanide. 

The raw materials are reacted at elevated tempe,ratures 
(900-1000 degrees C) over a platinum catalyst. The reaption is 
given as: 

2CH4 + 2NH3 + 302 = 2HCN + 6H20 {1) 

The source of methane is natural gas containing 50 to 100 
percent methane by volume. In addition to hydrogen cyanide, the 
reacted gases contain ammonia, nitrogen, carbon monoxide, carbon 
dioxide, hydrogen and small amounts of oxygen, as well as traces 
of organic ni triles formed from nonmethane hydrocarbon 
components of natural gas. The reactor gases are cooled and 
then scrubbed in one of two processes which are used to remove 
the unreacted ammonia. In one patented process the gases are 
scrubbed with phosphate liquor, the resulting solution is 
decomposed and the phosphate solution is recirculated. The 
recovered ammonia is recycled to the reactor. In the second 
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TABLE 17-1. SUBCATEGORY PROFILE DATA SUMMARY 

SUBCATEGORY HYDROGEN CYANIDE* 

Total subcatego:ry capacity rate 

Total subcatego:ry production rate 

No. of plants in this subcatego:ry 

Plant age range: 

Minimum 

Maximum 

308 Data** on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing production 

Average production 

Average capacity utilization 

Waste water flow per unit product 

Minimum 

Maximum 

289,000 kkg/year 

165,500 kkg/year 

7 

5 years 

30 years 

2 

178,500 kkg/year 

115,500 kkg/year 

62 percent 

70 percent 

57,750 kkg/year 

65 percent 

10 m3/kkg of HCN 

57 m3 /kkg of HCN 

Sources of data are Stanford Research Institute, Directo:ry of Chemical 
Producers, U.S.A., 1977, U.s. Department of Corrmerce, Current Industrial 
Reports, Decerrber 1977; Energy and Environmental Analysis, Inc.; Draft 
Report, "Prelimina:ry Economic Assessment of Effluent Limitations in the 
Inorganic Chemical Indust:ry ",June 1978 and "Economic Analysis of Proposed 
Revised Effluent Guidelines and Standards for the Inorganic Chemicals Industry 
March, 19 80. 

* Includes data from plants using Andrussow Process and from plants 
recover.ing HCN as a byproduct from the manufacture of ac:rylonitrile. 

**Includes data from plants using Andrussow Process. 



TABLE 17-2. STATUS OF REGULATIONS - EFFLUENT LIMITATION GUIDELINES 

SUBCATEGORY HYDROGEN CYANIDE 

SUBPAR!' AP (40 CFR 415.420, 5/22/75) 

BPCI'CA* 

Hax. 1 
Avg. 

2 

Product Param- kg/kkg kg/kkg 
eters (mg/l) (mg/1) 

Process 

Andrus sow 
Process TSS 2.4 1.2 

(48.0) ** (24.0) 

CN 0.005 0.025 
(1.0) (0. 5) 

CN(A) 0.005 0.005 
(0.1) (0.05) 

BODS 3.6 1.8 
(72.0) (36.0) 

NH3-N 0.36 0.18 
(7 .2) (3.6) 

* 

STANDARDS 

BATEA 

Max. 
kg/kkg 

(mg/1) 

Avg. 
kg/kkg 

(mg/1) 

NSPS 

Max. 
kg/kkg 

(mg/1) 

Sections 415.420, 415.421, and 415.422 were revoked by the Agency 
( 41 FR 10681, February 23, 1977). 

~- = Maximum of any one day. 

Avg. 
kg/kkg 

(mg/1) 

2Avg. =Average of daily values for thirty consecutive days shall not exceed. 

** flow basis 50, 000 1/kkg. 
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process sulfuric acid is used to absorb ammonia from the reactor 
gases. At one plant the resulting ammonium sulfate solution is 
used for the manufacture of another product. 

The hydrogen cyanide is removed from the ammonia scrubber 
effluent gases by absorbtion in cold water, and the waste gases 
are vented to the atmosphere. The absorbed solution containing 
hydrogen cyanide, water, and other contaminants is distilled to 
produce HCN gas of over 99 percent purity. 

The water produced during the initial reaction (Equation 1) 
of the formation of hydrogen c~anide is purged wit~ the 
distillation bottom stream and 1s either recycled to the 

. absorber or discharged to the treatment facility. In order to 
be recycled, the distillation bottom water has to be cooled by 
refrigeration prior to reuse in the HCN absorber unit. At plant 
locations where cold water is readily available in large 
quantities, it can be used on a once-through basis with a 
significant savings in energy costs. Figure 17-1 presents a 
general block diagram for the manufacture of hydrogen cyanide by 
the Andrussow process. 

17.2 WATER USE AND WASTE SOURCE CHARACTERISTICS 

17.2.1 Water Use 

Water is used in noncontact cooling in the absorber, pump 
seal quenches, flare stack flushes, for washdown and cleanup of 
tank cars, for absorption of the product from reactor gases and 
for washing equipment and cleaning up leaks and spills. Table 
17-3 gives the detailed water consumption at one plant and also 
the total consumption at two plants. There is a pronounced 
difference in water usage at these two plants due to the use of 
refrigeration at Plant #782 which makes possible the recycling 
of absorber water from the distillation unit back to the 
absorber. This practice is energy intensive but 'is required in 
locations where an abundant supply of cool water is not 
available. Plant ¥.765 has such a supply and uses absorber water 
on a once-through basis. In this case, a much larger flow must 
be treated prior to discharge. 

17.2.2 Waste Sources 

The following are sources of waste water produced from the 
manufacture of hydrogen cyanide by the Andrussow process: 

Distillation Bottoms 

The waste water contains ammonia, hydrogen cyanide and 
small amounts of organic nitriles. The water consists of the 
water produced by the reaction plus scrubber water used for the 
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TABLE 17-3. WATER USAGE IN HYDROGEN CYANIDE - ANDRUSSCM PROCESS 
SUBCATEGORY 

Plant Water Usage, (m3 /kkg of HCN) 
Total Consurrption Nonrontact Cooling 

#782 (l) 

#765 

29.5 

58.3 

(l) Detail water usage (m3 /kkg) 

Noncontact cooling 

Direct process contact 

Indirect process contact 
(pumps, seals, leaks, 
spills, etc. ) 

Maintenance, e.g. cleaning 
and 'WOrk area washd.own 

Noncontact ancillary uses 
(boilers, utilities, etc.) 

Exported steam 

18.9 

8.00 

at Plant #782 is: 

= 18.9 

= 7.45 

= 0.71 

= 0.31 

= 0.67 

= 1.44 
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absorption of HCN. The absorption water bottoms are either 
recycled to the HCN absorber or discharged to the treatment 
facility. Even if the distillation bottom stream is recycled to 
the absorber, a portion of it is discharged to stop the buildup 
of impurities. 

Scrubber Streams 

If the ammonia scrubber liquid is recycled, a portion of it 
has to be purged to control the accumulation of impurities. The 
bleed contains the acid used from scrubbing and minor amounts of 
organic nitriles. The scrubber solution can also used for the 
manufacture of other products in which case nothing is 
discharged to the treatment plant. 

Other Waste Water 

This includes leaks and spills, equipm'ent and tank car 
washings, noncontact cooling water blowdown and rainfall runoff. 
The tank cars are washed out with dilute acid or alkali to 
remove any contaminants present, which, if allowed to remain in 
the tank car, can polymerize the hydrogen cyanide causing safety 
hazards due to possible explosion during shipment. The 
noncontact cooling water may be contaminated with the product as 
a result of leaks. The recirculated cooling water is monitored 
for cyanide and the cooling tower blowdown is discharged to the 
waste water treatment facility. During shutdown, the equipment 
is drained to avoid freeze-up and the resulting waste water is 
discharged to the treatment facility. 

The quantity of waste water produced and treated at two 
plants producing hydrogen cyanide by the Andrussow process is 
given in Table 17-4. The large variation in flow exists because 
the water used to absorb the hydrogen cyanide from.the reactor 
gases in Plant #765 is not recycled. As discussed earlier, that 
plant is situated where sufficient cold water is available for 
once-through use. Since the cold water is readily available at 
a low cost, the water used for absorption is discharged. A 
similar plant practicing recycling, in the absence of.available 
cold water, can achieve a total waste effluent of 7.1 m3/kkg of 
HCN. 

17.3 DESCRIPTION OF PLANTS VISITED AND SAMPLED 

17.3.1 Screening 

Planf f765 was visited and the waste water sampled during 
the screening phase of the program. The combined wastes consist 
of distillation bottoms, ammonia recovery purge liquor, tank car 
washings, leaks, spills and equipment clean out, purge fro~the 
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TABLE 17-4. WASTE FICW DATA FOR HCN PRODUcriON BY THE ANDRUSSCM 
PReCESS 

Plant . Total waste go:ing to the treatment facility (m3/kkg) 

#765 

4782 

* 

57 

9.9* 

The breakdown and flow of the different waste streams compris:ing the total 
is given below: 

Source 

:Recovery and purification 

l?UITip seal quenches 

Flare stack flushes 

Sample hoods 

NH3 stripper caustic 

Steam condensate fran NH3 stripper 

Freeze protection 

Washdowns and cleanup 

Boiler bl.owdown and condensate 
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Unit Flow (m3 /kkg) 

6.3 

0.58 

0.09 

0.02 

0.24 

0.90 

0.06 

0.25 

1.48 



noncontact cooling water system and stormwater runoff. These 
combined wastes are commingled with the other cyanide product 
waste waters and sent to the alkaline chlorination treatment 
facility. The first unit of the treatment facility is a trench 
where the pH of the waste water is raised to the range of 8.5 to 
11 with dilute caustic soda. The caustic is added under 
controlled mixing conditions with continuous automatic pH 
recording and caustic feed adjustment. The pH-adjusted waste 
water is sent to two 8-hour retention ponds. Chlorination is 
accomplished by adding sodium hypochlorite at the pond entrance. 
The chlorinate waste water from the 8-hour ponds are alternately 
discharged to another small pond having one hour of detention 
and equipped with baffles and agitators. Caustic and chlorine 
are added as required in the one-hour pond to achieve the low 
levels of cyanide desired. The effluent from the pond is 
discharged to a POTW. The pond contains a flow 
controller/analyzer, which will block the discharge from the 
pond when a high cyanide level is detected in the treated 
effluent. Figure 17-2 is a flow diagram of the treatment 
process indicating the sampling location used during the 
screening program. 

Composite sampling conducted consisted of one 48-hour 
composite sample for nonvolatile organics, metals and mercury 
and one 24-hour composite sample of BODS, TSS, TDS, NH3, Fe, Cr, 
Zn, Cu and settleable solids. Grab samples for volatile 
organics, cyanide, phenols, temperature and pH were collected on 
two consecutive days at each sampling location. Table 17-5 
gives the flow data and concentration and unit loads of ammonia
nitrogen, total cyanide and thallium, for the sampled streams. 
It is believed that thallium is not contributed by the hydrogen 
cyanide manufacturing process. 

17.3.2 Verification 

Plant 41765 was sampled again in the verification phase. 
One additional stream of hydrogen cyanide waste water was 
sampled in the verification phase at a point upstream of mixing 
with other cyanide product waste water. This. stream is 
identified in Figure 17-2. The variation i'n the flow of the 
streams in the two sampling phases was small. Table 17-6 gives 
the flow and pollutant data of the sampled streams. 

The second hydrogen cyanide plant sampled. in the 
verification phase was Plant ¥782. The waste water from the 
hydrogen cyanide plant mainly consists. of blowdown from the 
distillation column which is combined with a portion of the 
other product waste water and sent to an ammonia stripper.
Effluent from the ammonia stripper is mixed with the rest of the 
process waste water fr:om other products and sent to a single 
stage biological system. The primary treatment facility 
consists of oil skimmers, grit removal and pH adjustment. The 
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TABLE 17-5. F!Diil AND POLLUTANT DATA OF THE RAW AND TREATED WASTE 
STREAMS OF PLANT #765 PRODUCING HYDROGEN CYANIDE BY 

ANDRUSSCW PROCESS 

Stream 
Description 

#2 
Influent 

to 
Treatment 

Unit 
Flow 

(m3/kkg) 

NH -N 3 

(~) (~~) 
Total 

Cyanide 

(rr) (~~r 

7.8 4.4 (3) 107 6.1 (3) 

Thallium 

(~) (~~) 

(3) 
.'0;28 0.0016 

#3 
Treatment 
(Alkaline 
Chlorination) 
Effluent 

35 2.0 (3) 0.36 0.02 (3 ) .010 
(3) 

0.00057 

(l) Unit IDad = Unit Flow (57 ~g) 
. in kg/kkg 

x pollutant x 
concentration 
in mg/1 

(
1000 mg/(\ 

kg/m3 ) 

(2) The stream is a commingled waste water/ The flow given is the 
arrount contributed by the HCN process. 

(3) The pollutant load was calculated by apportioning the mass emitted 
between the two waste streams on the basis of measured flows. This 
is clearly a very approximate process and the results must be used with. 
caution. 
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TABLE 17-6. FLCl'l AND l'OLWI'ANI' cx:NCENI'RATIOO DATA OF THE SAMPlED WASTE S'l'REAMS FOR PLANr 1765 P.ROOlJCmG 
HYDR03EN CYl\NIDE 

Stream ~it Flew ss IDad NH -N Ioaq CN (F) CN(T) 
Description (m /kkg of HCN) (kg/kkg of HCN) (kg~g of HCN) (kg/kkg: of HCN) (logjkkg of' HCN) 

' 
il Raw HCN waste 57 1.1 27 0.82 1.6 

t2 Influent to 57(l) "" NA 11 (2) 0.39 (2) 1.6 
the IXll'ld (1) 

j3 Treated 57 (2) '(3) 1.9 (2) 7.1 (2) NA 0.00015 
effluent fran 
the final pond 

(l)The stream is a cxxmrl.ngled waste water. The flew given is the arrount contributed by the HCN process. 

(2)The IXJllutant load was calculated by apiXJrtioning the nass emitted be~ the~ waste streams on 
the basis of Jreasured floos. This is clearly a very approximate process and the results must be used 
with cautiro. 

(3)'1he addition or loss of water fran rainfall, addition of chemicals and evaporation has not been 
estimated. 

NA = Not Available 



effluent from primary treatment goes through an API separator 
and into an aerated lagoon. Effluent from the lagoon is 
flocculated and sent to a clarifier. The overflow from the 
clarifier is sent to a final settling basin before final 
discharge. The surface drainage consisting of runoff, wash 
down, etc., from the hydrogen cyanide and other process areas is 
collected separately. The water is sent first to a surface pond 
where it undergoes a two-stage pH adjustment and then is piped 
to a trickling filter. It then merges with the treated process 
waste waters in the clarifier. A general flow diagram of the 
treatment process including streams sampled is shown in Figure 
17-3. 

Table 17-7 gives flow and concentration data of the sampled 
streams. In Table 17-8, the unit waste flow and unit pollutant 
loads are given for the raw and treated ~ffluent. Because of 
intermixing, of various product waste water streams, the unit 
pollutant loads (especially for treated effluent} were 
calculated based on hydraulic loadings and the method used is 
only an approximation. The principal process waste water from 
the hydrogen cyanide plant is the waste from the recovery and 
purification operation and has a loading of 6.3 m3/kkg of HCN. 
The total waste water going to the treatment facility from the 
hydrogen cyanide plant has a loading of approximately 9.9 m3/kkg 
of HCN, consisting of both process contact and noncontact 
effluents. 

In calculating the pollutant loads, (Table 17-8) the loss 
or gain of water to the treatment system such as evaporation, 
loss through filtered solids, precipitation and the water 
introduced by treatment chemicals has not been included because 
it was considered insignificant in comparison to other factors. 

17.3.3 Toxic Pollutant Concentrations 

Total cyanide and thallium were the toxic pollutants 
detected in the raw waste from Plant ~!765 which was sampled in 
the screening phase. It is believed that thallium in. the waste 
water is not contributed from the hydrQgen cyanide process. 

The HCN waste water at Plant f.765 is mixed with other 
product waste waters and the combined flow was sampled upstream 
of the treatment system. It is probable that thallium is 
contributed from these other product waste waters. 

The raw waste stream was not analyzed for free cyanide. 
The same plant was' sampled again with another plant in the 
verificatdon phase. In addition to total cyanide, free cyanide 
was found in significant concentrations in the raw process waste 
sources from the two HCN plants. Free cyanide in the waste 
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TABLE 17-7. FI..O.iV AND POLLUTANT CONCENTRATION DATA OF THE SAMPLED WASTE 
STREAMS FOR PLANT #782 PRODUCING HYDROGEN CYANIDE 

Stream Waste Flow CN(T) CN(F) NH3-N TSS 
No. Stream m31day (mg/1) 

Description 

1 Distillation(!) (6.3) (2) 71 62 886 24 
bottom purge 

2 Arrm:>nia strip~f) 5400 167 145 410 76 
influent 

(3) 
3 Arrm:>nia stripi_::>er 5400 51 41 41 162 

effluent 

4 Influent to (3) 6400 31 7.0 1380 110 
prinlary treatrrent 
facility 

5 Final treated 
(3) 

NA 2.2 1.7 5.6 74 
effluent 

(1)- The total waste is composed of the blowdaw.n from three distillation 
columns. Three 24-hour canposite samples were collected for each unit. 
The pollutant concentration value (given in rng/1) is an average of the 
three camposited samples for the three waste. stream sources. 

(2)- The value given is the total unit flow in m3 /kkg of HCN for the three 
purge streams. 

(3)- The stream is a ccmbined waste water. It includes the waste effluents 
from hydrogen cyanide and other products. 
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TABLE 17-8. UNIT FIDW AND UNIT POLLUTANT LOJIDING FOR RAW AND 
TREATED WASTE EFFLUENTS AT PI...A}.lT #782 

Unit Pollutant Loading (kg/kkg) (l) 

Stream Unit 'Ibtal Free Arrm:>nia- 'Ibtal 
Flow Cyanide Cyanide N Suspended 

(rn3jkkg) CN(T) CN{F) NH -N Solids 3 TSS 

Process raw 6.3 0.45 0.39 5.6 0.15 
waste water 
(distillation 
bottan purge) 

Process 6.3<2> 0.014 0.011 0.035 0.47 
waste water 
treated 
effluent 

'Ibtal HCN ~-9·(3) 0.022 0.017 0.055 0.74 
waste water 
treated 
effluent (2) 

(1) Unit pollutant load =unit flow X pollutant concentration ( kg/rn3 ~\ 
(rn3fkkg) (in rrg/1 from Table 17-7) X 1000 rng/ y 

(2) 

(3) 

'!he pollutant load was calculated by apportioning the mass erni tted from 
the total treated effluent (which includes other product waste water) on 
the basis of measured flow contributed by the HCN process. 'Ihis is clearly 
an approx:i.rnate process and the results IITUst be used with caution. 

'!he waste water flow consists of direct process contact and noncontact 
effluent from the HCN plant going to the treatm:mt system. 
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water consists of hydrogen cyanide, sodium or potassium cyanide 
and cyanogen chloride which may be present as a result of· 
chlorination (especially in the treated effluent). Total 
cyanide includes the free cyanide and cyanides found in metal 
complexes (such a~ sodium ferrocyanide or sodium ferricyanide). 
No toxic organic pollutants were found in significant 
concentrations in the HCN plant raw waste sampled. The 
concentrations of the toxic pollutants ~ound in the raw waste 
water in the screening and verification were: 

Maximum Raw Waste Concentration Observed 
(llg/1) 

Screening Verification 
Pollutant Plant f765 Plants f.765, f782 

Thallium 25 Not Determined 

Cyanide (Total) 166,000 186,000 

Cyanide (Free) Not Determined 172,000 

The general sampling methodology used in the screening and 
verification program is described in Section 5.1.2. A total of 
nine days of sampling was conducted at Plants ~ 765 (sampled 
twice) and ~ 782. Thirteen waste water sampling points were 
involved which included the raw waste water, combined waste 
water and combined treated effluent streams. The evaluation of 
the toxic metal and toxic organic pollutant content of these 
process streams was based on total analytical data points from 
both the screening and verification phases. 

.. "" ~ ~ 

The daily toxic pollutant waste load.· in the raw waste was 
calculated from the effluent waste flow rate and the measured 
pollutant concentration of the toxic po~lutant. 

This is given by: 

Daily loading (as kg of pollutant per day) = (C) (Q) 
1000 

Where: 

C is the concentration of the pollutant expressed in 
units of mg/1 (Note: kg/m3 = 1000 mg/1, and 

Q is the waste stream flow rate expressed in units of 
m3/day (m3, a cubic meter, is equal to 264.2 u.s. 
gallons). Similarly, the unit loadings were calculated 
from the reported hydrogen cyanide prod~ction rate, the 
waste stream flow rate, and the measured pollutant 
concentration. 
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Unit loading (as kg of pollutant _ 
per kkg of hydrogen cyanide) -

(C) (Q) 
lOOOP 

Where C and Q are the same as described above, and P is the 
hydrogen cyanide :Qroduction rate expressed in units of 
kkg/day (kkg is 1000 kg, a metric ton, which is equal to 
2205 lbs). 

In the case of two or more process waste streams going to 
the treatment system the daily raw waste load of the toxic 
pollutant was calculated by determining the combined pollutant 
load of the individual streams. 

The unit raw waste loading for a pollutant (toxic, 
conventional or nonconventional) was calculated by dividing the 
daily pollutant load with the average daily production of 
hydrogen cyanide at the plant. 

Unit pollutant 
Load in the raw waste 
(kg/kkg of HCN) 

= 
Pollutant Load (in kg/day) 
Average Daily HCN Production 

(kkg/day) 

Table 17-9 gives the toxic, conventional and 
nonconventional pollutant loadings of the raw waste for Plants 
f765 and i782 which were sampled in the screening and 
verifcation phases. The overall average pollutant loads for the 
sampled plants are given in the last column of the table. 

The approximate toxic pollutant generated per year by the 
entire subcategory is estimated by multiplying the overall 
average unit pollutant loading (Table 17-9) with the hydrogen 
cyanide subcategory production from Table 17-1 (165,500 kkg/yr). 

Pollutant 

Cyanide (Free) 
Cyanide (Total) 

17.4 pOLLUTION ABATEMENT OPTIONS 

17.4.1 Toxic Po11utants of Concern 

Waste Load (kg/year) 

100,000 
450,000 

The toxic pollutants of concern in the HCN raw waste are 
free (or oxidizable) cyanide and total cyanide. No organic 
toxic pollutants of significance were found in the raw waste of 
the sampled plants. 

17.4.2 Process Modifications and Techno1ogy Transfer Options 

Process mod.ifications have not been identified for the 
subcategory. 
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TABLE 17-9. SUMMARY OF POLLurANT RAW WASTE LOADING FOUND IN SCREENING AND 
VERIFICATION SAMPLING 

SUBCATEGORY HYDROGEN CYANIDE 

Average Daily Pollutant Ioading and Concentrations at Plants Sampled 

kg/kkg of HCN 
(mg/1) 

Pollutant #765 (s) # 765 (v) # 782(v) Overall 
Average 

TOXIC 

Free Cyanide NA 0.82 0.39 0.61 
(14) (62) 

Total Cyanide 6.1 1.6 0.45 '2. 7 
(110) (29) (71) 

Conventional 
and Nonconventional 

TSS NA 2.0 0.15 1.1 
(35) (24) 

NH3-N 4.4 ~I] 5.6 12 
(78) (480) (890) 

(S) = Sampled in screening phase 

(V) = Sampled in verification phase 
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. 
17.4.3 Best Management Practices 

No best management practices have been identified for the 
subcategory. 

17.4.4 Prevailing Control and Treatment Practices 

Out of a total of seven plants currently producing hydrogen 
cyanide by the Andrussow Process, 308 data is available for only 
two. The production at these two plants constitutes more than 
70% of the total subcategory production. Since the two plants 
produce a significant amount of the total subcategory 
production, their waste water treatment technologies are taken 
as the subcategory treatment practices. The two plants were 
visited to review the treatment systems and to collect waste 
effluent samples. 

Plant #765 has a high volume effluent because the water 
used to absorb the reactor gases is not recycled since low cost 
cold water is readily available at the site. The waste water 
consisting of scrubber purge, absorption water, and plant run
off is mixed with other cyanide product waste waters and sent to 
an alkaline chlorination system. The pH of the waste water is 
raised to about 10 with dilute caustic in a small pond which has 
a retention time of two hours and then it is discharged to two 8-
hour ponds where sodium hypochlorite is added to oxidize the 
cyanide to cyanate. The chlorinated waste water is transferred 
to a small pond equipped with agitators and baffles before final 
discharge to a POTW. Caustic or chlorine is added to the final 
pond to achieve the desired low levels of cyanide. The 
treatment system is shown in Figure 17-2. 

Plant f782 uses a single-stage biological treatment system 
for the treatment of effluent from the hydrogen cyanide plant. 
The process waste water from the HCN plant consists mainly of 
distillation column blowdown and is combined with other cyanide 
product waste water and sent to an ammonia stripper. .The 
effluent from th.e stripper combines with other product waste 
waters and is treat-ed by means of an oil separator, a grit 
chamber, a compactor, a second API separator, a~ aerated lagoon, 
a flocculator and a final clarifier. The overflow from the 
clarifier is sent to the final settling basin before discharge. 
The run-off from the HCN plant and other product manufacturing 
areas is combined and sent to a pond for a two-stage pH 
adjustment. The effluent fr9m the pond is treated by a 
trickling filter and clarifier, and the clarifier effluent is' 
mixed with the treated process ·waste water. A general block 
diagram of the treatment system is ·shown in Figure 17-3. 

/ 

17.4.5 Advanced Treatment Technologies 

The three pollutants of concern in hydrogen cyanide plant 
effluents are cyanide, ammonia and chlorine. The treatment 
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technologies for cyanide removal include alkaline chlorination, 
biological treatment, ozonation, wet air oxidation, 
electrolytic decompostion, wet thermal decompostion, 
acidification, activated carbon, permanganate oxidation, lime 
reaction with sulfur radiation, evaporative recovery, 
catalytic oJddation and ion exchange. Except for alkaline 
chlorination and biological treatment, the remaining treatment 
technologies are not effective or advantageous for one or more 
of the following reasons: 

A. The technology has' low cyanide removal efficiency. 

B. The technology cannot treat waste water with high 
cyanide concentrations. 

c. The technology has air pollution problems. 

D. The technology has high operating costs. 

The free cyanide in the raw waste is readily oxidizable and 
exerts a chlorine demand. Sufficient chlorine is added to react 
with ammonia and to oxidize cyanide. The presence of large 
amounts of ammonia will increase the cost of chlorination. If 
costs are too extensive, residual ammonia in the raw waste 
effluent can be reduced by steam or air stripping before 
alkaline chlorination to reduce the amount of chlorine required. 

17.5 SELECTION OP APPROPRIATE TECHNOLOGY AND EQUIPMENT 

17.5.1 Technologies for Different Treatment Levels 

Level 1 (BPT) 

Two-stage alkaline chlorination followed by pH adjustment 
was chosen for the removal of cyanide from the raw waste 
effluents. The technology is being practiced in the industry. 
The flow diagram of the treatment system is shown in Figure 17-
4. 

Level 2 (BAT) 

The treatment is the same as BPT (Level 1) except that 
residual chlorine is reduced to a lower -level by treatment with 
sulfur dioxide. Chlorine in adequate amounts is added to remove 
ammonia and to oxidize cyanide. Where practiced, steam or air 
stripping of ammonia has not been considered as a part of the 
treatment system since the value of the recovered ammonia is the 
justification for doing 'it. It has been assumed to be process 
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related. The general flow diagram of the treatment process is 
given in Figure 17-5. 

17.5.2 Equipment for Different Treatment Leve1s 

Equipment Functions 

In level 1, the raw waste water enters a holding tank 
equipped with an external pump and recirculation system. 
Caustic soda and chlorine are added and the tank contents are 
mixed by the recirculation pump. Following this first stage 
alkaline chlorination, the waste water is chlorinated further in 
a second tank which is equipped with automatic pH control The 
final effluent is neutralized to pH 6-9 before discharge. In 
Level 2, using the same equipment as in Level 1, the chlorine 
feed to the second stage alkaline chlorination system is 
increased. To remove excess chlorine before release, sulfur 
dioxide is fed by a modified gas chlorinator, with oxidation
reduction potential control. As in Level 1, the effluent is 
then adjusted to pH 6-9 before discharge. 

Chemicals and Hand1ing 

Caustic soda solution, chlorine, sulfur dioxide, and 
sulfuric acid are used in the waste treatment process. Caustic 
soda and sulfuric acid are common industrial chemicals which 
pose no special hazards when handled by conventional corrosion
resistant feeding equipment. Chlorine and sulfur dioxide are 
received in one-ton containers as compressed gases, and are fed 
as water solutions by vacuum-controlled equipment designed for 
the specific chemical. No unusual chemical feeding or handling 
problems are anticipated, provided precautions are taken to 
prevent gas leaks and to guard against corrosive attack. 

Separation and Removal of Solids 

Since few solids are produced in the treatment process, 
there is no significant sludge disposal problem. 

Monitoring Requirements 

Internal process monitoring is done largely with automatic 
sensing and control equipment for regulating pH and 
chlorine/sulfur dioxide residuals. Field tests for cyanide 
and/or chlorine in the effluent should be made regularly by the 
operator, and 24-hour composite effluent samples should be 
collected and analyzed for cyanide as required in local or NPDES 
permits. 
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17.6 TREATMENT COST ESTIMATES 

17.6.1 General Discussion 

A model plant concept was developed as a basis for 
estimating treatment costs. For conceptual design a 
representative unit waste flow (cubic meters per kkg of HCN) was 
selected, together with three different HCN production rates. 
The latter were chosen to cover most of the subcategory 
production range. The selected daily HCN production for the 
model plant was multiplied by the selected unit flow to obtain 
the volume of waste water passing to the treatment system. The 
selected unit raw waste pollutant load was also multiplied by 
the model plant production rate to determine the pollutant load 
on the treatment system. Capital and equipment costs were then 
calculated based on developed conceptual design parameters for 
each model plant production rate. 

waste Water Flow 

The unit process waste water flow for the two plants 
visited in this study are 6.3 m3/kkg of HCN (Plant f782) and 57 
m3/kkg of HCN (Plant 41765). The difference results from the 
different absorption water discharge practices at the two 
plants. (See Section 17.2.2). The model plant has been 
developed using the larger unit flow rate of 57 cubic meter/kkg 
of HCN, since this is a more conservative approach. The Agency 
considered developing effluent limits for two different levels 
of flow but rejected it because of the cost, complexity, and 
difficulty in implementing the approach. 

For waste water treatment cost estimates, three production 
levels were selected for the model plant. These are 31,800, 
50,900 and 63,600 kkg/yr. 

Waste Water Pollutant Load 

The three pollutants of concern in the subcategory are 
cyanide (oxidizable and total), ammonia and chlorine. Chlorine 
is not present in the raw waste bu.t is added during alkaline 
chlorination treatment. The average valu~ of 'o. 61 kg of free 
cyanide/kkg of HCN and 12 kg of NH3/kkg of HCN (Table 17-'9) 
developed from the screening and verification results were used 
for the model plant raw waste loads·. 

Chemicals Used 
( 

At the BPT level of treatment, alkaline chlorination 
requi~es 33 kg of chlorine and 5.0 kg of caustic per kkg of HCN. 
For BAT treatment, 9. 0 kg of S02 per kkg of HCN is used for 
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dechlorination in aqdition to the chemicals 
treatment. 

Solids Generated 

used for BPT 

Few, if any, solids are produced in treating HCN production 
wastes. 

The costs shown in Table 17-10 at each level of treatment 
correspond to BPT (Level 1) with incremental costs to meet the 
more stringent BAT requirements. 

The estimated costs for the three model plants at different 
production levels are given in Table 17-10, 17-11, and 17-12. 
As mentioned earlier, both the hydraulic and pollutant loads per 
unit of production are held constant over the entire range of 
production. 

Annual treatment cost as a function of production and 
treatment cost per ion of HCN produced are shown graphically in 
Figures 17-6 and 17-7, respectively. 

Table 7-13 presents a summary of the unit cost distribution 
beb1een amor ization, operation and maintenance cost components 
at various production rates and levels of treatment. 

17.7 BASIS FOR REGULATIONS 

17.7.1 Evaluation of BPT Treatment Practices 

A total of seven plants produce hydrogen cyanide by the 
Andrussow Process. At one facility the raw wastes from the 
hydrogen cyanide plant is combined with the waste from an 
organic cyanide product and sent to a biological treatment 
system to reduce organic and cyanide pollutants. Five of· the 
other seven HCN producers (using the Andrussow Process) use 
alkaline chlorination for treatment of raw waste effluents. 
There is no available information concerning the treatment 
practices at the other two plants. 

' 
17.7.2 B~sis for Proposed BPT Limitations 

Technology Basis 

The·p~edominant treatment practice for raw waste effluent 
in the HCN subcategory is alkaline chlorination. The Agency is 
therefore proposing·BPT effluent limitations based on.alkaline 
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TABLE 17-10. MODEL PLANI' TREA'IMENT COSTS 

Subcateg01.-y HYDROGEN CYANIDE 

Production 

Waste water flow 

31,800 metric tons per year 
90 metric tons per day 

5, 100 cubic meters per day. 

A. Th1VES'IMENI' COST 

Construction •••••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls •••••••• 
Monitoring a:;IUipnent 
in place .............•.. 
Engineering design 
and inspection •••••••••• 
Incidentals, overhead, 
fees, contingencies ••••• 
ram .. 0 ................. . 

'IOTAL INVES'IMENT COST 

B. OPERATION AND 
.MAIN'J:'EW..NCE COST 

c. 

labor and supervision 
Erlergy o ••••••••••••••••• 

Chemicals .............. . 
Maintenance ..••..•.•...• 
Taxes and insurance ••••• 
Residual waste 
disposal ...••...•••.•.... 
Monitoring, analysis 
and reporting ••••••••••• 

'IOTAL OPERATION AND 
MAINTENANCE COST 

AMORTIZATION OF 
INVES'IMENT COST 

TOTAL ANNUAL COST 

FIRST 

$65,500 

810,500 

9,000 

177,000 

177,000 
3,000 

$1,242,000 

84,000 
9,000 

296,000 
123,900 

37,300 

15,000 

$565,200 

$202,100 

$767,300 

( 35,059 tons per year) 
(100 tons per day) 

SECOND 

$15,000 

120,000 

27,000 

27,000 

$189,000 

14,000 
3,100 

97,000 
18,900 

5,700 

7,500 

$146,200 

$ 30,800 

$177,000 

* First level represents the base cost of treatment system. 
Other levels represent the in,cremental cost above base cost. 
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TABLE 17-11. MODEL PLANT TREA'IMENT Q)STS 

Subcategory HYDROGEN CYANIDE 

Production 50,900 metric tons per year 
145 metric tons per day 

Waste water flow 8,200 cubic meters per day. 

A. Th1VES'JMENI' COST 

COnstruction •••••••....• 
Equipment in place, 
including piping' 
fittings, electrical 
work and controls .••••••• 
Monitoring equipnent 
in place ............... . 
En:Jineering design 
and. inspection ......... . 
Incidentals, overhead, 
fees, contingencies ••••• 
ram. ••.•.•••••••.••..••• 

'l'O'J'AL INVES'JMEI.''JT COST 

B. OPERATION AND 
l-miN'I'ENll~ COST 

I.al::or and supervision •.• 
Erlergy- •••••••••••••••••• 
Cllellicals .............. . 
Maintenance •••.•••••...• 
Taxes and insurance ••••• 
Residual waste 
disp:::>sal. • • • • • . • . • . . . . . • . 
Monitoring, analysis 
an.d re.I;X)rting ••••••••••• 

'10TAL OPERATION AND 
.MAINI'ENANCE COST 

C. AMORTIZATION OF 
INVFS'JMENT OOST 

'.IOTAL ANNUAL COST 

FIRST 

$105,000 

1,246,500 

9,000 

272,100 

272,100 
3,000 

$1,907,700 

$ 84,000 
9,800 

476,000 
190,500 

57,200 

15,000 

$832,500 

$310,400 

$1,142,900 

(56,117 tons per year) 
(160 tons -per day) 

SEmND 

$ 20,000 

120,000 

28,000 

28,000 

$196,000 

$ 14,000 
3,100 

154,000 
19,600 

6,500 

7,500 

$204,700 

$ 31,900 

$236,600 

* First level represents the base cost of treatment system. 
Other levels represent the incremental cost above base cost. 
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TABLE 17-12. MODEL PLANT TREA'IMENT CDSTS 

Sul:x::ategory HYDRCkEI'-J CYANIDE 

Production 

Waste water flow 

63,600 metric tons per year 
181 metric tons per day 

10,300 cubic meters per day. 

A. Th"'VES'IMEJ:'1l' ffiST 

Construction •••••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls •••••••• 
Monitoring equipment 
in place .......•.••••••• 
En;rineering design 
and inspection •••••••••• 
Incidentals, overhead, 
fees, contingencies ••••• 
Iarld. •••••••••••••••••••• 

'TOTAL INVES'llilENT CDST 

B. OPERATION AND 
MAINJ'ENll..N:E CDST 

c. 

Labor and supervision 
E:r1e:rgy •••••••••••••••••• 
Chanicals .............. . 
Maintenance .......•..... 
Taxes and insurance ••••• 
Residual waste 
disposal ...•.•.••..•....• 
.Monitoring, analysis 
and reporting ••••••••••• 

'IOTAL OPERATION AND 
MAINTENANCE CDST 

AMORTIZATION OF 
INVES'IMENT msT 

'IOTAL ANNUAL ffiST 

FIRST 

$117,000 

1,505,000 

9,000 

326,200 

326,200 
3,000 

$2,286,400 

$ 84,000 
11,500 

592,000 
228,400 
68,600 

15,000 

$999,500 

$372,000 

$1,371,500 

(]0,119 tons per year) 
(200 tons per day) 

SECDND 

$40,000 

160,000 

40,000 

40,000 

$280,000 

$14,000 
4·,600 

191,000 
28,000 
9,200 

7,500 

$254,300 

$ 45,700 

$300,000 

* First level represents the base cost of treatment system. 
Other levels represent the incremental cost above base cost. 
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TABLE 17-13., MODEL PLANT TREA'JMENT COSTS 

SUbcategory HYDROGEN CYANIDE 

Annual Treatment Costs/Metric ton of Product 

LEVEL OF TREA'J'.ME}1T 

COST I'!'a1 PRODUCI'ION FLCW FIRST SECOND 
M tons (m3/day) 

Annual Operation 
and Maintenance 31,800 5,100 17.78 4.60 

50,900 8,200 16.35 4.02 
63,600 10,300 15.72 3.40 

Annual 
Arrortization 31,800 5,100 6.35 0.97 

50,900 8,200 6.10 0.63 
63,600 10,300 5.85 0.72 

Total Cost 31,800 5,100 24.13 5.57 
50,900 8,200 22.45 4.65 
63,600 10,300 21.57 4.12 
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chlorination to destroy· cyanide amenable to treatment by 
chlorination, followed by clarification. 

Flow Basis 

The proposed effluent limitations are based on the high 
flow (57 m3/kkg of HCN) model; that is no recycle of absorber 
water. A low flow basis (7 m3/kkg of HCN based on the flow of 
Plant ~782) was rejected as being too energy intensive due to 
the need for refr igerative cooling of the recycled absorber 
water. The water going to the model plant treatment system is 
assumed to consist of process and contact cooling waste 
effluents, leaks and spills, and storm water run-off. The 
boiler blowdown -~nd noncontact cooling water (once through or 
blowdown discharge in case of closed loop) are not included in 
the flow basis. 

Selection of Pollutants to be Regulated 

The selection of pollutants on which specific limitations 
are proposed are based on the evaluation of raw waste 
composition as determined during the screening and verification 
programs. 

Raw waste pollutant concentrations - Plant f765 was sampled 
during the screening phase and the presence of toxic pollutants 
in significant concentrations established the need for 
verification sampling. Two plants were sampled in the 
verification phase. Free cyanide, total cyanide, and ammonia 
were found in the raw waste at concentrations high enough to be 
treatable (Table 17-9) using avaflable treatment technology 
options. These were therefore selected for regulation. 
Chlorine concentrations in the effluent are not affected by BPT 
treatment technology and therefore no BPT limit is proposed for 
this parameter. Thallium is best controlled by management 
practices developed by the permit authority on a case-by-case 
basis. 

Total subcategory~ waste pollutant loading -The average 
unit loading of the pollutants found in significant amounts were 
calculated from the raw waste loads of the plant sampled during 
screening and verification. The unit pollutant load values 
(Table 17-9) were multiplied by the estimated production rate of 
165,500 kkg/year to estimate the total annual production loading 
rates for the subcategory (Section 17 .3.3). The prevalent 
treatment technologies (alkaline chlorination and biological 
treatment) are implemented for removal of the regulated 
pollutants. 
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Basis of Po11utant Limitations 

Conventional and nonconventional parameters -

A. pH: The treated effluent is to be controlled within 
the pH range of 6.0 to 9.0. This limitation is based on the data 
presented in Appendix B of this report and the JRB study (52) • 

. B. TSS: The concentration of suspended solids found 
during sampling of the raw waste water was low. No additional 
solids are produced in the treatment technology and no provision 
presently exists in the existing or model treatment systems for 
the removal of solids. The maximum concentration of 35 mg/1 of 
TSS found in the raw waste during screening and verification 
sampling (Table 17-9) was taken as the concentration basis for 
the proposed maximum 30-day average effluent limitation. In the 
absence of long-term monitoring data for TSS, the variability 
factor ratio of 2. 7 estimated for free cyanide is used to 
calculate the 24-hour concentration basis and effluent limit. 

The proposed total suspended solids 
average effluent limit is given by: 

(35 mg/1) (57 m3/kkg) ( kg/m3 ) = 
1000 mg/1 

(TSS) maximum 30-day 

2.0 kg/kkg 

The proposed TSS 24-hour maximum concentration is given by: 

(35 mg/1)(2 •. 7) = 95 mg/1 

The proposed TSS 24-hour maximum effluent limit is given 
by: 

(2.0 kg/kkg) (2.7) = 5.4 kg/kkg 

c. Ammonia: Plant f765 conducted a 28-day sampling study 
of the treated effluent for pollutants which were not monitored 
on a long-term basis. The Agency is proposing regulation of 
ammonia in the discharge, based on the 28-day sampling results 
of Plant f765. Plant t765 uses a proprietary process for the 
removal of ammonia, however, the same performance can be 
achieved by steam stripping. The 28-day test data of ammonia in 
the discharge effluent was reported by Plant ¥765 ·on a unit 
product basis; i.e. kg/kkg. The average ammonia effluent 
loading of 3.6 kg/kkg (Table 17-14) from the 28-day sampling 
test is multiplied by the 30-day average variability factor 
(also determined from the 28-day test data) of 1.2 (Table 17-14) 
to calculate the 30-day average unit effluent limit. The 
variability. factor of 2.7 (Table 17-14) estimated from the 
sampling study is used to calculate the proposed 24-hour maximum 
effluent limit. The corresponding proposed concentration 
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TABLE 17-14. STATISTICAL ANALYSIS OF THE 28-DAY EFFLUENT 
SAMPLING RESULTS ON TOI'AL CYANIDE AND 

AMMONIA FROM PLANT #765 

Total Cyanide 

Daily Data 

No. of points 
Average Unit Load 

kg/kkg of HCN 
Std. Deviation S (1) 
Std. Deviation s (2) 
Variability Factor<3) 

30-Day Average Data 

The Standard error 
of the mean (A) (4)= 
Coefficient of 
variation for the mean(CV) <5> 
Variability factor (6) 

Variability Factor Ratio 

V .F .R. (7) 

(1) S = Arithmetic Standard Deviation 

= J ~ n (Xi - X ) 2 
n-1 

X 
x. 

J. 

is the !n""...an value 
is the data point value 

n is the no. of points 

25 
0.192 

0.128 
0.61 
3.44 

0.023 

0.119 
1.19 

2.9 

POLLUTANT 

AIIIronia-N 

26 
3.634 

3.312 
0.58 
3.26 

0.422 

0.116 
1.19 

2.7 

(2) S' = is the estimated standard deviation of the logarithm derived from 
the arithmetic mean, X,- and the arithmetic standard deviation, s, accor-
ding to the relationship / 

<s'>z = 1n G·o +( ~J2

J 
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~ 17-14 oontinued 

(3) In case of daily measurements, the variability factor, VF, for a 
lognonnal distribution is found by the expression 

Jn (VF) = s I (Z - 0. 5 s I) 
when the value of z is 2.33, the variability factor for the 99 
percentile is obtained. 

{ 4) Standard error of the mean, A = 

= Arithmetic standard deviation 

V30 
(5) Cbefficient of variation for the mean 0J = Standard error of the mean 

Mean Value 

=A 

(6) Variability factor for 30-day average 

{7) 

= 1 + z (01) 

Where the value of z is 1. 64, the variability 
factor is for the 95th percentile 
0J ~ coefficient of variation for the mean 

VFR: ratio of the 24-hour variability 
factor to the 30-day average variability factor 
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limitations are calculated by using the model plant flow of 57 
m3/kkg. 

The proposed maximum 30-day average effluent limit for 
ammonia-N is given by: 

( 3. 6 kg/kkg) ( 1. 2) = 4. 3 kg/kkg 

The proposed 24-hour maximum effluent limitation is given 
by: 

(4.3 kg/kkg) (2.7) = 12 kg/kkg 

The corresponding 30-day average concentration basis is 
calculated as follows: 

(4.3 kg/kkg) (57 m3/kkg) ( kg/m3 ) = 
1000 mg/1 

75 mg/1 

and the 24-hour maximum concentration basis is: 

( 12 kg/kkg) (57 m3/kkg) ( kg/m3 '\ = 
1000 rng/f) 

210 mg/1 

Toxic Pollutants The toxic pollutants proposed for 
regulation are free cyanide and total cyanide. 

A. Free Cyanide: Plant ¥765 practices alkaline 
chlorination and has submitted two years of monitoring data on 
the treated effluent for free cyanide. The samples were 
properly stabilized before analysis. The variability factors 
for the daily data and 30-day averages were calculated from the 
long-term data as shown in Table 17-15. The long-term average· 
concentration of 0.15 mg/1 (Table 17-15) was used as the basis 
for the proposed limitations. The estimated variability factors 
and model plant flow rate were used in calculating the proposed 
concentration bases and effluent limitations. 

The proposed 30-day average concentration basis for free 
cyanide is given by: 

(0.15 mg/1) tl.8) = 0.27 rng/1 

The proposed 24-hour maximum concentration is given by: 

(0.15 mg/1) (4.9) = 0.74 _mg/1 

Yhe proposed maximum 30-day average effluent limitation is 
calculated by: 
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TABLE 17-15. STATISTICAL ANALYSIS OF HISTORICAL EFFLUENT 
MONITORING DATA ON F:3EE CYANIDE FRa-1 PLANT #765 

PERIOD: SEP. 1976 - AUG. 1978 

Daily 

30 Day Average 

N 

No. 

585 

24 

x 
Mean 

(rrg/1) 

0.15 

0.15 

sCl) 

StdDev 
(rrg/1) 

0.15 

0.076 

cvC2) 

Coeff. of 
Variation 

1.0 

0.5 

For free cyanide, the long-term monitoring data were screened out-

- VF 

Variability 
Factor 

lines. In tha first place, values recorded as zero were interpreted to mean 
"inability to measure p:>llutant" and were rejected prior to the statistical 
analysis. For the re:naining data, the reJ;Orted measurements of oxidizable 
CN were screened by the use of the t-statistic 

t= max ( (X max-x);s, (X-Xmin)~s) 

for extreme values as outliers. Screening -was performed on a month-by-m:mth 
basis, and any datum with a calculated t value exceeding tffi 99% confidence 
lirni::s from the t distril::ution -was concluded to be an outlier. Given rejec
tion of a value, recanputation of statistical measures for that m:>nth -was 
perfonned.. 

{1) Arithne~ic standar~ deviation, S 
where S = 2 (X-X)- I (N-1) . 

(2) 

(3) 

(4) 

For 30 day averages, this is the standard error of the mean 

cv =siX 
For daily measurements, VR ·is calculated by 
ln (VF) = S I (2.33-5 1/2) 
Where (S ') 2 = ln (1 + (CV) 2) • S-' is the m:ments estllna.tor of the scalE. 

p3.rameter of the lognonnal distr il:::ution 
and 2. 33 is the Z value corresi;Onding to 
99th percentile 

For 30-day average data, VF = (1 + 1. 64 (cv)) 
Where 1.64 is the Z value for the 95th percentile. 
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(0.27 mg/1) (57 m3/kkg) 0.015 kg/kkg 

The proposed 24-hour maximum effluent limitation is given by: 

(0.74 mg/1) (57 m3/kkg) ( kg/m3 '\ = 0.042 kg/kkg 
1000 mg/f} 

B. Total Cyanide: The variability factors for total 
cyanide for daily data and 30-day averages were estimated from 
the 28-day study data conducted by Plant #765 and are given in 
Table 17-14. The proposed limitations for total cyanide are 
derived from the average unit effluent load (0.19 kg/kkg given 
in Table 17-14), variability factors estimated from 28-day test 
and model plant flow of 57 m3/kkg. 

The proposed maximum 30-day average effluent for total 
cyanide limitation is calculated by: 

(0.19 kg/kkg) (1.2) = 0.23 kg/kkg 

The proposed total cyanide 24-hour maximum effluent 
limitation is given by: 

(0.19 kg/kkg) (3.4) = 0.65 kg/kkg 

The total cyanide maximum average concentration basis is: 

(0.23 kg/kkg) (57 m3/kkg) (. kg/m3 ) = 
\.1000 mg/1 

4.0 mg/1 

The proposed total cyanide 24-hour maximum concentration 
basis is: 

(0.65 kg/kkg) (57 m3/kkg) ( kg/m3 ) = 
, 1000 mg/1 

11 mg/1 

The proposed effluent limitations for Hydrogen Cyanide 
produced by the Andrussow Process are summarized in Table 17-16 
for toxic, conventional, and nonconventional pollutants. 

17.7.3 Basis for Proposed BCT Limitations 

The BCT limi t'ation (applicable only to TSS) was set equal 
to BPT because the dechlorination technology added for BAT does. 
not impact conventional pollutants. 

17.7.4 Basis for Proposed BAT Limitations 

The Agency considered different advanced level 
technologies and their cost effectiveness relative to the base 
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TABLE 17-16. PROPOSED LIMITATIONS 

HYDROGEN CYANIDE (ANDRUSSCW PROCESS) 

Best Practicable Control Technology CUrrently Available 

Waste Water Flow: 57 m3 jkkg of HCN 

l?Ollutant Subcategory 
Perfonnance 

(mg/1) 

Conventional and Nonconventional 

l?Ollutants: 

'Ibtal Suspended 35 (2) 

Solids 

Jlmronia -N(S) 42<4> 

'Ibxic l?Ollutants: 

Free Cyanide (S) 0.15 (3) 

'Ibtal Cyanide (S) 3.4 <4> 

Concentration Basis 

(1) · ____ i~i!l ___ _ 
VFR Max 

30-day 24-hr 
Avg Max 

2.7 35 95 

2.7 75 210 

2.7 0.27 0.74 

2.8 4.0 11 

Effluent Limit 

__ i~g~gl __ 
Max 

30-day 24-hr 
Avg 

2.0 5.4 

4.3 12 

0.015 0.042 

0.23 0.65 

(1) VFR: Ratio of the 24-hour variability factor to the 30-day variability 
factor. 

(2) ~ effluent concentration from screening and verification sampling 
data. 

(3) Average based on two years of long tenn nonitoring data submitted by 
Plant #765 (Table 17-14) 

(4) Average based on the 28-day co:rrprehensive sampling data submitted by 
Plant #765 (Table 17-15) 

(5) Also applicable for PSES and PSNS limitations 
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level systems {BPT) for the removal of toxic, conventional, and 
nonconventional pollutants. For BAT, the Agency is proposing 
Level 2 technology which includes dechlorination before final 
~ischarge. 

The Agency also considered break point chlorination for 
essentially complete destruction of cyanide. However, the 
operational costs were too high. The reduction of effluent load 
to the treatment system by recycling the absorber water was also. 
considered and was found to be too energy intensive and too 
costly. Therefore the only cost effective treatment technology 
beyond BPT was found to be dechlorination. 

Technology Basis 

For BAT, the Agency is proposing limitations based on BPT 
with the addition of dechlorination (Figure 17-5, Level 2). 
Control of chlorine in the discharge in uniformly inadequate in 
this industry. Its control in BAT is believed to be appropriate 
because of. its well-documented toxicity to aquatic life. The 
basis for the chlorine limit is transfer of technology from the 
electric utility industry (58). This transfer is appropriate 
because the chlorine in both streams is amenable to the same 
treatment for removal and removal is not inhibited by the 
presence of other chemicals in either of the waste streams. 

Flow Basis 

The BPT effluent discharge rate of 57 m3/kkg of HCN has 
been used as the basis for the BAT model plant. 

Selection of Pollutants to be Regulated 

For the BAT regulation, the Agency has selected chlorine in 
addition to the pollutants identified in BPT. 

Basis of Pollutant Limitations 

Nonconventional pollutants The two nonconventional 
pollutants proposed for regulation are ammania-N and total 
residual chlorine. The BAT limitations for ammonia are the same 
as those proposed for BPT. For total residual chlorine the BAT 
regulation is based on the chlorine discharge limits for the 
Steam Elect~ic Generating Point Source Category. The maximum 
30-day average in that industry is 0.20 mg/1, for the BPT (58). 
The same value is proposed for this BAT regulation. The 
variability factors used for free cyanide {Table 17-15) and the 
model plant flow of 57 m3/kkg are used to calculate the 
concentration and unit effluent limitation~. 
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The proposed 24-hour maximum concentration basis is given 
by multiplying the VFR (4.9/1.8 = 2.7) from Table 17-15 by the 
maximum 30-day average concentration as follows: 

(2.7) (0.20 mg/1) = 0.54 mg/1 

The proposed maximum 30-day average effluent limitation for 
total residual chlorine is: 

by: 

(0.20 mg/1) (57 m3/kkg) ( kg/m3 ) = 
1000 mg/1 

0.011 kg/kkg 

The proposed 24-hour maximum effluent limitation is given 

(0.54 mg/1) (57 m3/kkg) ( kg/m3 ) = 0.031 kg/kkg 
1000 mg/1 

Toxic Pollutants - The Agency has selected the same 
limitat2ons for free cyanide and total cyanide as those proposed 
for BPT because Level 2 technology does not affect either of 
these pollutant parameters. 

The nonconventional and toxic pollutant limitations for BAT 
are summarized in Table 17-17. 

17.7.5 Basis for Proposed New Source Performance Standards 

Level 2 treatment technology (also proposed for BAT) was 
selected as the basis for NSPS limitations. The pollutants to 
be controlled for NSPS are pH, total suspended solids, total 
residual chlorine, ammonia-N, free cyanide, and total cyanide. 
The proposed NSPS limitations are given in Table 17-18. 

17.7.6 Basis for Proposed Pretreatment Standards 

Existing Sources 

The Agency is proposing Pretreatment Standards for Existing 
Sources (PSES) based on BAT technology excluding dechlorination 
which consists of alkaline chlorination. Dechlorination is not 
required because it is common practice for a POTW to treat 
influents with chlorine. One plant (f765) discharges to a POTW. 

The pollutants to be limited are ammonia, free cyanide, and 
total cyanide as indicated in Table 17-16. 

New Sources 

For Pret.reatment Standards for New Sources {PSES), the 
Agency is proposing limitations based on NSPS. The pollutants 
to be regulated are ammonia, free cyanide, and total cyanide as 
summarized in Table 17-16. 
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Pollutant 

TABlE 17-17. PROPOSED LIMITATIONS 
HYDROGEN' CYANIDE (ANDRUSSCM PROCESS) 

Best Available Technology 
waste Water Flow: 57 m3 /kkg of HQii 

Subcategory 

Performance 

concentration Basis, (mg/1) 

VFR(l) Max 
30-day 24-hr 
Avg Max 

Nonconventional Pollutants: 

Ammonia-N 42(2) 2.7 
Total Residual (3) 
Chlorine 0.20 2.7 

TOxic Pollutants: 

Free 0.15(4) 2.7 
Cyanide 

Total 3.4<2> 2.8 
Cyanide 

75 

0.20 

0.27 

4.0 

210 ' 

0.54 

0.74 

11 

Effluent Limit 
(kg/kkg of HCtii) 

30~y 24-hr 
Avg Max 

4.3 

0.011 

0.015 

0.23 

12 

0.031 

0.042 

0.65 

(1) VFR: Ratio of the 24-hour variability factor to the 30-day variability 
factor. 

{2) Average based on 28-day comprehensive sampling data of treated effluent 
suhnitted by Plant #765 (Table 17-15). 

(3) Regulation is based on the chlorine discharge limits in t4e utility 
industry. 

(4) Average based on two years of long-term monitoring data sul::mitted by 
Plant #765 (Table 17-14). 
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TABLE 17-18. CONTROL PARAMETER LIMITATIONS 
HYDROGEN CYANIDE (ANDRUS SOW PROCESS) 

NEW SOURCE PERFORMANCE STANDARDS 
WASTE WATER FLOW: 57 rn3 /kkg 

Pollutant 

Treatability 

(rng/1) 

Concentration Basis (rng/1) 

VFR(l) 
Max 

30-day 24-hr 
Avg Max 

Conventional and Nonconventional 

Pollutants : 

Total SUspended 

Tof>Ji~siar,~, 35 2.7 35 95 

Chlorine 0.2 2.7 0.2 0.54 

Arrmonia- N 42 2.7 76 210 

Toxic Pollutants : 

Free 0.15 2.7 0.27 0.74 
Cyanide 

Total 3.4 2.8 4.0 11 
Cyanide 

Effluent Limit 
(kg/kkg of HCN) 

Max 
30-day 24-hr 

· Avg Max 

2.0. 5.4 

0.011 0.031 

4.3 12 

0.015- 0.042 

0.23 0.65 

(1) VFR: Ratio of the 24-hour variability factor to the 30-day variabil'ity 
factor. 
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SECTION 18 

SODIUM DICHROMATE INDUSTRY 

18.1 INDUSTRY PROFILE 

18.1.1 General Description 

Most of the sodium dichromate produced is used in the 
chromic acid and pigment industries. It is used for leather 
tanning, and metal treatment as well as a corrosion inhibitor. 

The industry profile data for this subcategory are given in 
Table 18-1, and the status of regulations is given in Table 18-
2. 

18.1.2 General Process Description and Raw Materials 

The starting materials for the preparation of sodium 
dichromate are chromite ore, limestone and soda ash. When the 
above materials are reacted, sodium chromate is formed which is 
reacted with sulfuric acid to produce sodium dichromate. The 
reactions are given as: 

4FeCr204 + 8Na2C03 + 702 = 8Na2Cr04 + 2Fe203 + 8C02 (1) 

2Na2Cr04 + H2S04 = Na2Cr207 = H20 + Na2S04 (2) 

Chromite ore is a chromium iron oxide containing ferrous 
chromite (FeCr204 or Fe0Cr203). Small amounts of aluminum, 
silica and magnesia are present. For the preparation of sodium 
chromate and finally, sodium dichromate, high grade chromi te 
ores are used containing approximately 50 percent Cr203. These 
ores are imported from South Africa. 

At the plant site, the ore is ground to a fine powder, 
mixed with soda ash and calcined in rotary kilns at 1100 to 1150 
degrees c. The reacted product is leached with hot water in a 
leachate tank. The thickener underflow is filtered and the 
filtrate recycled to the l~achate tank or thickener. The solid 
filter cake is dried in rotary kilns. The aluminum present in 
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SODIUM DiatroMATE 

'lbtal sul:x:ategory capacity rate 

TOtal sul:x:ategory production rate 

Number of plants in this subcategory 

308 Data on flle for 

With total capacity of 

With total production of 

:Representing capacity 

Representinq production 

Plant production rcm;e: 

Mi.tUmlm 

Max:inun 

Average production 

Median production 

Average capacity utilization 

Plant age range: 
M:iniitun 

Max:inun 

Waste water flow range: 

Min:htun 

Max:inun 
Velure per l.mi.t product: 

Minim.tm 

Max:inun 

140,000 kkg/year 

136,500 kkg/year 

3 

3 

NA 

112,000 kkg/year 

NA 

82 pexcent 

20,700 kltg/year 

66,800 kkg/year 

37, 300 kkg/year 

24, 800 kl<:g/year 

77 percent 

7 years 

28 years 

455 cubic rreters/day 

720 cubic rreters/day 

4 cubic rreters/kkg 

a cubic rreters/kkg 

SOurces of data are Stan:foJ:d Research Institute, Directory of Chanica! 
Producers, u.s.A., 1977, u.s. Depart:Irent of O::mnerce, CUrrent In:lust:rial 
Reports, December 1977~ EneJ:gy and EnVironmental Analysis, Inc.~ Draft 
Report, "Prel.:hninary Econanic Assessnent of Effluent Limitations in the 
:l:rlol:ganic Chemical In:iustry," June, 1.978 and "Ecxmanic Analysis of Proposed 
Revised Effluent Guidelines and Standards for the Inorganic 01emicals Industl:y, " 
March, 1980. 

NA = Not Available 
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TABLE 18-2 - STATUS OF RmJIATICNS - EFFLUENT LIMITATICN GUIDELINES 

Sodium Dichromate 

SUBP.ARI' Q (40 CFR· 415.170, 3/12/74) 

STANDARDS 

BFC'K:A ~* NSPS 
Max.1 Avg. 2 

Max. Avg. Max. Avg. 
Product Para- kg/kkg kg/kkg kg/kkg kg/kkg kg/kkg kg/kk)i 
Process meters {mg/1) {nq/1) (mg/1) {nq/1) {mg/1) (mg ) 

Na2er2o7 TSS 0.44 0.22 Nodi~e 0.30 
(52) (26) of pwwp 

a:-+6 o.oog(4) 0.0005 No discharge 0.009( 4) 
(0 .11) (0.060) of pwwp 

CX(T) 0.0088 ,o.0044 No discharge 
0.0088 

(1. 0) (0. 50) 
of pwwp 

* Section 415.173 was renanded and is presently reserved (41 FR 51601, 
November 23, 1976). 

~. = Maxin11Jm of any one day. 
2Avg. =Maximum average of daily values for thirty consecutive days. 
3

pwwp = ~.ss wastewater FOllUtants. 

0.15 

0.0005 

0.0044 

4The published value in 40 CFR 415.172 and 415.175 is incorrect and should be 
0.0009 kg/kkg. 
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the thickener overflow is hydrolyzed and removed from the 
chromate solution as precipitated aluminum hydrate in slurry 
form. The solution is centrifuged and the centrate is 
evaporated, to give a concentrated solution of sodium chromate, 
which is reacted with sulfuric acid to give sodium dichromate 
and sodium sulfate. Sodium sulfate crystallizes as anhydrous 
sodium sulfate from the boiling solution, and the crystals are 
removed by filtration. The filtrate is concentrated in multiple 
effect evaporators. The residual sodium sulfates separate out 
as solids from each of the evaporators while the hot 
concentrated solution of sodium dichromate from the last effect 
of the evaporator is fed to a water-cooled crystallizer. Sodium 
dichromate crystallizes out and is centrifuged. The centrate, 
or mother liquor, is returned to the evaporator. The sodium 
dichromate crystals separated in the centrifuge are dried in a 
rotary drum dryer and then packaged for sale or stored for use. 
Figure 18-1 presents a generalized flow diagram for the 
production of s~dium dichromate. 

18.2 WATER USE AND WASTE SOURCE CHARACTERISTICS 

18.2.1 Water Use 

water is used for noncontact cooling, in leacl;ling' for 
scrubbing vent gases and for process steam for heating. Water 
use information provided in ~08 Questionnaires is given in Table 
18-3. It is possible that the figures given in the 308 
Questionnaires may be the amount going to each unit:. operation 
and not the amount added as makeup water. The quantities seem 
unusually high for an industry practicing extensive recycling of 
water, as this one does, 

18.2.2 waste Sources 

Spent Ore 

The·unreacted ore is removed from the process as a sludge. 
The solids contain chromium and other impurities originally 
present in the ore. The waste is disposed as a solid waste in a 
suitable landfill or is slurried with water and sent to the 
treatment facility. 

Noncontact Cooling Water and Coo1ing Tower B1owdown 

The noncontact cooling water is either used on a once
through basis and dischar·ged or is recycled and the blowdown 
discharged to the treatment facility. In addition to dissolved 
sulfate and;~hloride, it may contain chromates. 
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TABIE 18-3. WATER USAGE IN SODIUM DICIIRa.1ATE SUBCATEGORY 

Source 

Plant #398 Plant #376 (3) 

Noncontact cooling 277 11.39 

Noncontact ancillru::y 0.5 NA 
uses 

Direct process contact (1) 5.7<2> 7.83 (4 ) 

Indirect process contact 0.9<2> 
(p.:nnps, seals, leaks and 
spills) 

o.s<2> 
4.16 

Maintenance, e.g. 
cleaning and work area 
washc1cmn 

Air pollution control 2.s<2> NA 

'lbtal contact waste 9. 6 <2> 11.59 
water influent to 
trea.tment 

NA = Not Available 

(1) Up to 50 percent rolic;ls 

(2) 'lbtal recovery and recycle is practiced at this plant. 

(3) Plant is no longer in opera·tion. 

Plant #493 

5.7 

3.12 

2.85 

0.2 

0.2 

1.0 

4.25 

(4) rue to a high evap:>rat.ion rate, there is no discha.rge f:ran the pd.mary 
p:>nd during 9 to 10 nonths of, the year. There was no pr:imary p:>nd 
effluent at the time of sampling and only 4.16 m3/kk.g of the indirs:::t 
contact rources were being treated and discha.rged. 

660 



Boiler Blowdown 

The steam used for heating is recovered as condensate, 
while the boiler blowdown is discharged to the treatment 
facility. It may become contaminated with chromium escaping 
from the process area and hence should be sent to the waste 
water treatment facility for treatment. 

The majority of aqueous streams resulting from the 
manufacture of sodium dichromate are recycled. Streams recycled 
include condensates from product evaporation and drying~ product 
recovery filtrates~ air pollution control scrubber effluents 
from product drying, leaching and roasting kilns~ filter wash 
waters~ and equipment and process area washdowns. At two plants 
the waste water, consisting of boiler and noncontact cooling 
towe.r, is used to slurry the spent ore residue to the waste 
water treatment facility. At one plant, the only waste water 
resulting from process operations is the noncontact cooling 
water, which is used on a once-through basis. 

18.3 DESCRIPTION OF PLANTS VISITED AND SAMPLED 

18.3.1 Screening 

Three sodium dichromate plants were visited ·and the waste 
water streams sampled. Plant f493 was sampled in ~he screening 
phase and Plants f.376 and #398 were sampled in the verification 
phase. 

At Plant 4f493, the waste water going to the treatment 
facility includes the boiler and cooling tower blowdown and a 
small volume of effluent from a scrubber on a by-product sodium 
sulfate operation. The total waste includes the spent ore 
residue, which is also sent to the treatment facility. At the 
treatment facility, the alkaline waste waters are reacted·with 
imported acidic industrial waste (pickle liquor conta~ning 
ferrous iron) at an elevated temperature in a reactor. The 
chromium is reduced and precipitated during the reaction. ~he 
reacted waste is sent to clarifiers via holding tanks. In the 
clarifiers, large quantities of water are used to wash the 
precipitated solids in a countercurrent fashion. The final 
clarifier overflow, which is the treated effluent, is filtered 
and discharged and the clarifier underflow _is disposed.of in a 
quarry. Figure 18-2 is a block diagram of the treatment process 
and indicates which streams were sampled. Table 18-4 gives the 
flow data and pollutant emissions of the streams sampled. 
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Figure 13-2. 

RAW WASTE WATER 

WATER-~ 

IMPORTED ACID r----- INDUSTRIAL WASTE 

HOLDING TANKS 

CLARIF~ERS 

#3 

SLUDGE TO 
LAND DISPOSAL 

LEGEND 

~ SAMPLING POINTS. 

General waste water treatment process flow diagram at Plant #493 showing 
the sampling points. (Sodium dichromate manufacture). 
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TABLE 18-4. FLOW AND POLLUTANI' CDNCENTRATION DATA OF TBE SAMPLED WASl'E 
STREAMS FOR PLANT #4 93 PRODUCING SODIUM DICHR.CMATE 

Stream J:\10. 

1 

2 

W:lste Stream 
Discription 

Raw vaste 
Water 

Treated 
Effluent 

uilit Flow 

(m3/kkg 
of Na2er2o7) 

4.25 

28.91* 

TSS load 

(kg/kkg (kg/kkg 
of :Na2er2o7) of Na2er2o7) 

183 3.5 

0.018 0.0001 

Chranium 
load 

(kg/kkg 
of Na2er2o7) 

3.30 

0.072 

* This value includes the flow fran the sodium dichrorrate plant, .llnp:>rted 
acid used for neutralization, and tiE v.a.ter used for v.a.shing the rolids • 

. -

663 



18.3.2. verification 

At Plant f.376, sodium sulfide is used for simultaneous 
chromate reduction and precipitation. The waste waters at this 
plant are segregated into two streams. one stream consists of 
the cooling tower and boiler blowdown and is used for slurrying 
the spent ore residue to the treatment facility. The second 
waste stream consists of stormwater runoff from both the solids 
disposal areas and the production areas. The first waste water 
stream is mixed with sodium sulfide during transportation and 
sent to a diked containment and settling pond system. The 
sulfide reduces the hexavalent chromium to trivalent chromium, 
which in turn is precipitated as chromium hydroxide. The solids 
are settled in the pond, and the overflow from the ponds is 
mixed with the second waste stream and reacted with sufficient 
alkaline sodium sulfide to reduce the chromate and precipitate 
chromium hydroxide. The reacted solution is sent to a settling 
pond where the suspended solids are settled and the overflow 
discharged. A simplified flow diagram of the waste water 
treatment process is given in Figure 18-3. Table 18-5 gives the 
flow data and pollutant emissions for the streams sampled. 

Plant #376 has recently discontinued its production of 
sodium dichromate. At the time of sampling, the data obtained 
from this plant was considered a valid part of the data base for 
assessing the pollution potential of the industry and evaluating 
viable treatment options. The chromate reduction technology 
being used was evidently subject to periodic problems associated 
with the hazard of H2S gas production. This has been confirmed 
in treatability studies currently being conducted by the Agency. 
With proper operation of the treatment system this problem can 
be avoided. 

At Plant #398, the only effluent produced is the noncontact 
cooling water. The noncontact cooling water is used on a once
through basis and is discharged without treatment through two 
outfalls. The solid waste residuals from the leaching process 
are trucked to a state-licensed hazardous waste landfill area. 
The amount of solid waste residue disposed of is approximately 
290 kg/kkg of product. Table 18-6 gives the unit flow data and 
pollutant emissions for the process effluent. 

18.3.3 Tox1c Pollutant Concentrations and Loadings 

Toxic pollutants detected in the raw wastes during sampling 
were as follows: 
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* AT THE TIME OF SAMPLING, 
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(STREAt1 #3) WAS BEING 
TREATED IN THE REACTOR. 

Figure 18-3. General waste water treatment process flow diagram at Plant #376 
showing the sampling points. (Sodium dichromate manufacture) 
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TABLE 18-5. FLOW AND roLTlJTANT lOADING DATA OF THE SAMPLED WASTE 
S'l'RE'AMS FOR PLANT #376 PROOOCING SODilM DIC:EIRC»1A.TE 

Stream 
No. 

1 

2 

3 

4 

5 

W:lste Stream Unit Flow 

Mld Slurry 
vaste 

Pr .irnary R>nd* 
Effluent 

SUrface Runoff 

Reactor 
Effluent 

Pond Effluent 

7.85 

4.16 

Average Observerl Loadings 

TSS Load 

(kg/kkg 
of Na2er2o7) 

3988 

0.591 

0.621 

7.942 

0.046 

er+6 Load 

0.407 

NA 

0.057 

NA 

< o. 00004 

Chromium 
Load 

(kg/kkg 
of Na2er2o7) 

1.041 

0.808 

0.55 

0.77 

0.0034 

* Due to a high evap:>ration rate, there is normally no discharge from the 
pr.irnary p:>nd for 9 or 10 nonths of the year. 

NA = Not available 
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TABLE 18-6. FIDW AND POLLUI'ANI' LOADING mTA OF THE SAMPLED vJAS'l'E 
STREAMS FOR PLANT #398 PRODOCING SJDIUM DICHRCM\.TE 

Average Observed. I.Dadings 

Stream Waste Stream Unit Flow TSS I.Da.d cr+6 I.Dad Chromium 
No. Description I.Dad 

(m3/kkg (kg/kkg (kg/kkg of (kg/kkg of 
of Na2er2o7) of Na2er207) Na2er207) Na2Cr207) 

1 Nonoontact 71 0.426 NNI* NNI* 
cooling -water 

2 Non contact 206 0.55 NNI* NNI* 
cooling water 

* NNI= No net increase of the J;X>llutant load, canp:rred to the intake 
source. 
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Maximum Concentrations Observed (ugjl) 

Pollutants 

Chromium (Total) 
Chromium (Hexavalent) 
Nickel 
Zinc 
Copper 
Lead 
Silver 
Arsenic 
Selenium 

Screening 

250,000 

13,000 
580 

35 
9 

<0.5 
<10 

< 5 

* Found at one plant only 

verification 
(2 Plants) 

310,000 
150,000 

1,300 
1,200 

240 
24 

230* 
<5' 

140** 

** Noncontact cooling water at one plant only 

Individual plant average raw waste loads per unit product 
found in sampling can be found in Table 18-7. A summary of daily 
and unit product raw waste loads for all plants sampled can be 
found in Table 18-8. 

Based on the total annual production of this subcategory 
and the average waste load generated per unit product, the 
estimated total pollutant raw waste loads generated each year 
for this subcategory are as follows: 

Total Subcategory Raw Waste Load Generation 

Pollutant Waste Load (kg/year) 

Chromium (Total) 
Cr (Hexavalent) 
Nickel 
Zinc 
Copper 
Silver 
Lead 
Selenium 
Arsenic 

290,000 
210,000 

3,700 
330 

55 
20 

< 8.2 
4 

< 5 

18.4 POLLUTION ABATEMENT OPTIONS 

18.4.1 Toxic Pollutants of Concern 

The most significant toxic pollutants found are the primary 
pollutant, chromium, and the common heavy metals often present 
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rmm.E 18-7. TOXIC POLWTANT RAW WASTE DATA 

SUOCATEX;ORY fDDIUM DICHR<M\TE 

POLLUTANI' AVERAGE RAW \VASTE INFLUENI' 

PLANT #493 PLANT #376 

(mg/1) (kg/kkg) (mg/1) (kg/kkg) 

Chromium, Cr 250.0 0.94 420.0 3.30 

Copper, cu 0.035 0.00013 0.085 0.00067 

Lead, Pb 0.009 0.00003 0.011 0.00009 

Nickel, Ni 1.25 0.0047 0.64 0.0050 

Zinc, Zn 0.580 0.0022 0.318 0.0025 

Silver, Ag < 0.005 < 0.00002 0.036 0.00028 

Selenium, Se < 0.005 < 0.00002 < 0.005 < 0.00004 

Arsenic, As < 0.010 < 0.00004 < 0.005 < 0.00004 
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TABLE 18-8. 

B::>llutant 

TOxic 

Chranium, total 

Chranium, 
Hexavalent 

Q:>pper 

Nickel 

Silver 

Zinc 

Selenium 

Arsenic 

Cl:>nventional 

TSS 

SU.~ OF RAW WASTE LOADINGS FOUND rn 
SCREENING AND VERIFICATION SAMPLING 

OODilM DICHROMATE 

Unit r.oadmg, (kg/kkg) 

Minimum Average Maximum 

0.94 2.12 3.30 

0.47 1.6 2.6 

0.00013 0.0004 0.00067 

0.0047 0.027 0.050 

0.00002 0.00015 0.00028 

0.0022 0.0024 0.0025 

* < 0.00003 * 

* < 0.00004 * 

140 2100 4000 

* Concentrations ~eat or below the detection l.lmits 
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ID. of 
Plants 

2 

3 

2 

2 

2 

2 

2 

2 
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as impurities in the chromium ore, notably zinc and nickel. In 
controlling these metals by the processes chosen for the 
treatment models, incidental removal of other trace toxic metals 
may also occur • 

The existing BPT regulations control pH, TSS, and chromium 
(Table 18-2). Effluent limitations on nickel and zinc are being 
added under the proposed BAT-based regulations. Although 
copper, silver, selenium, lead, and arsenic were detected in 
trace quantities (Section 18.3.3 and Tables 18-7 and 18-8), 
these five toxic pollutants did not occur at treatable 
concentrations and, therefore, no regulations on them are being 
proposed. 

18.4.2 Process Modifications and Technology Transfer Options 

Appropriate process modifications can be made where 
opportunities exist for recycle of chrome-bearing waste waters 
for recovery and reuse in the process or for use in other 
product manufacturing operations. Plant 4/-398 currently 
practices extensive recovery of chromium values for use in other 
processes and has no discharge of direct process contact waste 
waters. 

18.4.3 Best Management Practices 

Extensive recycle and reuse of process contact waste water 
limit effluent generation at sodium Qichromate plants. At two 
facilities, cooling water blowdown streams are used to slurry 
spent ore residues and the resultant waste stream is treated for 
the removal of chromium prior to discharge. .At the remaining 
plant, ore residues are removed as a solid waste and only once 
through noncontact cooling water is discharged. 

18.4.4 Prevailing Control and Treatment Practices 

At the time of verification sampling, Plant ~376 was using 
alkaline sodium sulfide (or bisulfide) for the reduction of 
hexavalent chromium, followed by precipitation of metal sulfides 
and hydroxides. Problems experienced by the plant included 
intermittent, low level H2S gas generation and -incomplete 
reduction of the chromates. These problems were mitigated by 
the physical layout of the treatment system and lagoons and the 
long retention time afforded by the evaporation ponds during 
most of the year. This plant, however, is no longer in 
operation. 

At present, Plant ¥.493 is the only plant in the industry 
which has a process contact waste water discharge. The 
treatment technology employed is the reduction of chromate 
wastes with an acidic ferrous iron solution (waste pickle 
liquor), followed by lime addition for metal hydroxide 
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precipitation, settling, and filtration. Overall, this 
technology is roughly equivalent to the sulfide 
reduction/alkaline precipitation technique previously used by 
Plant #376 and has the advantage of not risking operator 
exposure to hydrogen sulfide gas. 

18.4.5 Advanced.Treatment Technologies 

In addition to the chromate reduction and metal removal 
techniques practiced in the sodium dichromate industry, 
consideration was given to other advanced treatment technologies 
considered to be equal to or better than the proposed BAT. 
These technologies include: 

The use of sulfur dioxide for chromite reduction. 

Ferrite coprecipitation i.e., the addition of ferrous iron 
(e.g., waste pickle liquor) and aeration at about pH 5-6 
for both chromate reduction and metals precipitation. 

Ion exchange systems. 

Xanthate precipitation. 

These options are not considered viable at this time 
because there is not sufficient information on performance and 
cost effectiveness. 

18.5 SELECTION OF APPROPRIATE TECHNOLOGY AND EQUIPMENT 

18.5.1 Technology for Different Treatment Levels 

Alkaline precipitation or reaction with sulfide will 
separate nickel and zinc from solution. Hexavalent chromium 
must be reduced to its trivalent form before it can be 
precipitated as the hydroxide. Although ion exchange or 
xanthates can remove metals from clarified solutions they are 
inappropriate for treating raw waste slurries from this 
industry. 

Level 1 (BPT) 

The system utilizes sodium bisulfide added to the raw 
wastes to reduce hexavalent chromium to its trivalent form and 
partially to precipitate some of the metals as metallic 
sulfides, along with inert ore solids in a first-stage lagoon. 
The lagoon effluent is then subjected to alkaline precipitation 
of trivalent chromium, followed by solids separation in a 
clarifier and by pH adjustment of the overflow before discharge. 
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Other reducing agents may be utilized instead of sodium 
bisulfide for the reduction of hexavalent chromium such as 
ferrous iron or sulfur dioxide. using either of these reagents, 
chromate reduction under acid conditions would be followed by pH 
adjustment with lime or caustic to obtain alkaline precipitation 
of the metal hydroxides. This would obviate the need for 
bisulfide addition for metal precipitation and avoid the 
potential risk of operator exposure to hydrogen sulfide gas. 
This level of treatment was selected as a basis for BPT because 
it was typical of industry practice at the time. The flow 
diagram for the sulfide-based option for Level 1 is shown in 
Figure 18-4. 

Leve1 2 (BAT) 

nual media filtration is added to achieve a higher level of 
suspended solids removal, including metallic hydroxides and 
sulfides which may have passed through the clarifier. The 
effluent is adjusted to a pH range of 6 to 9 as in Level 1. 
These technologies are uniquely appropriate for wastes of the 
sodium dichromate industry because the sodium bisulfide 
pretreatment performs the dual function of converting hexavalent 
chromium to a potentially settleable form, as well as reacting 
with other heavy metals to form insoluble metallic sulfides. 
Level 2 was selected as a viable BAT treatment basis because it 
was being practiced by one plant in the industry and it provides 
a cost effective method of removing additional quantities of 
toxic metals from the waste water with negligible impact on 
solid waste handling and disposal requirements. The flow 
diagram for the sulfide-based option for Level 2 is shown in 
Figure 18-5~ 

Equipment Functions 

The raw waste flows into an equalizing lagoon where the 
influent flows are measured by a magnetic flow meter which 
controls application of sodium bisulfide solution into 1 the 
influent pipeline. Hexavalent chromium is converted to the less 
toxic trivalent form and together with trace metal sulfides and 
inert solids passes to the first-stage lagoon. , A second 
application of sodium bisulfide is made in the lagoon outflow, 
and lime is added to precipitate trivalent chromium and residual 
trace metals prior to clarification. In Level 1 the clarifier 
effluent is adjusted to pH 6 to 9 and released. In the Level 2 
system a dual media filter is add.ed to remove addi tiona! 
suspended material from the overflow. Clarifier underflow and 
filter back,qash are returned to the equalizing lagoon influent, 
to be settled in the lagoon. 
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Chemicals and Handling 

Sodium bisulfide, lime, and hydrochloric acid can be used 
in the treatment process. When used, the first application of 
sodium bisulfide is made into the influent pipeline in 
proportion to flow, minimizing the release of hydrogen sulfide 
at times when the influent pH may be low. The second 
application of sodium bisulfide is also into a closed pipeline 
to .ensure adequate mixing with the settled lagoon effluent. 
Lime slurry is fed through conventional equipment ahead of the 
clarifier. Hydrochloric acid is used (instead of sulfuric acid) 
to minimize the formation of gypsum scale which could result 
from heavy use of lime followed by sulfuric acid. The only 
unusual hazard involved in the handling of chemicals for the 
proposed treatment, is some hydrogen sulfide generation. This 
may be unavoidable even under carefully controlled conditions. 
Because of the high toxicity of this gas, all appropriate 
measures to protect workers must be taken, and consideration of 
alternative reduction methods given. 

Separation and Disposal of Solids 

As a basis for estimating model plant costs, influent 
suspended solids, metallic hydroxide and sulfide precipitates, 
and filter backwash are returned to or left in the influent 
lagoon(s). As each lagoon becomes filled with solids it is 
replaced by another, on a ten-year cycle. Liquid is decanted 
from each filled lagoon and the solid material must be 
periodically removed to a chemical landfill. 

Monitoring Requirements 

Internal process monitoring should include both routine 
testing to maintain reducing conditions and a pH above 7 in the 
influent lagoons, and simple field determination of pH to assure 
that the optimum level is reached for precipitation of chromic 
hydroxide. Routine testing of the effluent' should also be 
performed at the site to show that hexavalent chromium is being 
consistently reduced to trivalent chromium and that total 
chromium in the final effluent does not exceed the allowable 
limit. Periodic composite effluent samples should be analyzed 
for total chromium by the atomic absorption method, for official 
reporting purposes. 

18.6. TREATMENT COST ESTIMATES 

18.6.1 General Discussion 

Model plant specifications were selected for the purpose of 
cost estimation. The rationale for the selection of model plant 
characteristics is as follows: 
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Production 

At the time of sampling, five industrial plants produced 
sodium dichromate at a total production rate of approximately 
140,000 kkgjyear. Two of these plants have discontinued 
production. Production and waste water flow data, from which 
model plant characteristics are derived, are on file for three 
plants which produce a total of 112,000 kkgjyear, or 
approximately 80 percent of the United States production. For 
waste water treatment cost estimates, three production levels 
were selected. These are 20,000 kkgjyear, 50,000 kkgjyear and 
70,000 kkgjyear. 

waste water Flow 

Unit waste flows for three plants either treating or 
recycling their waste waters are approximately 9. 6, 11. 59, and 
4.25 m3/kkg of product. For the model plant, 8.5 m3jkkg of 
sodium dichromate was used as the waste water flow. 

I 

Pollutant Loading 

For the model plant, it is assumed 'that the spent ore 
residues are slurried and transported to the treatment facility, 
since this is the prevalent practice at two plants. The spent 
ore waste-generated residue at Plant ¥.969 is 290 kgjkkg of 
Na2Cr207. The hexavalent chromium loading in the waste water 
varies from 0.5 to 14 kg/kkg of Na2Cr207. Pollutant loadings 
used for the model plants are suspended solids (spent ore 
residue) at 290 kg/kkg Na2Cr207 produced, and hexavalent. 
chromium at 5 kgjkkg. 

Chemicals Required 

To reduce Cr+6 to Cr+3, a sodium bisulfide dosage of 168 
mgjl is needed, but to allow for reaction with other metals, a 
model dosage of 200 mg/1 was used. This is equivalent to 1.7 
kg/kkg of product in a unit flow of 8.5 m3/kkg. To raise the pH 
to 9.5, 100 mg/1 of lime is needed, equivalent to 0.7 kgjkkg of 
product. For final neutralization, HCl is used ·in the amount of 
10 percent of the lime dosage. 

Solids Generated 

Total dry solids produced from treatment are 260 kgjkkg of 
sodium dichromate. 

18.6.2 Model Plant control Costs 

The cost estimates of three models having different 
production levels are presented in Tables 18-9, 18-10, and 
18-11. Annual treatment costs as a function of production are 
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TABLE 18- 9 • MODEL PLAN!' TREA'IMENI' CCETS 
============================================================================== 

Subcategory SODIUM DICHROMATE 

Production 20,000 metric tons per year 
57 metric tons per day 

Waste water flow 400 cubic meters per day. 

(22, 050 tons per year) 
(63 tons per day) 

------------------------------------------------------------------------------

A. INVES'IMENI' CCET 

Construction ••••••••• 
Equipment in place, 
includipg piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land •••••••••••••••••• 

TCYI'AL INVES'IMENI' CCET 

B. OPERATION AND 
MAINTENAN:::E CCET 

Labor and supervision. 
Energy •••••••.••....•• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal •••••••••••••• 
M~>nitoring, analysis 
and reporting ••••••••• 

TCYI'AL OPERATION AND 
MAINTENAN:::E CCET 

C. AM<RTIZATION OF 
INVES'IMENI' CCET 

TCYI'AL ANNUAL CCET 

LEVEL OF 'IREA'IMENI'* 

FIRST 

$615,250 

168,500 

9,000 

158,550 

158,550 
156,000 

$1,265,850 

$56,000 
2,500 

17,000 
llO, 985 

37,975 

15,000 
---------

$239,460 

$180,572 
----------

$420,032 

SECQ\JD 

$4,700 

33,200 

7,580 

7,580 

$53,060 

$14,000 
600 

5,306 
1,591 

7, 500 
----------

$28,997 

$8,632 
---------

$37,629 

*First level represents the base cost of treatment system. 
other levels represent the incremental cost above base cost. 
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TABLE 18- 10. MODEL PLAN!' TREA'IMENI' CCETS 
============================================================================== 

Subcategory SODIUM DICHROMATE 

Production 50,000 metric tons per year 
142 metric tons per day 

Waste water _flow 1000 cubic meters per day. 

(55,125 tons per year) 
(157 tons per day) 

LEVEL OF 'IREA'IMENI'* 

A. INVES'IMENI' CCET 

Construction ••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls •••• e 
Monitoring equipment 
in placeG············· 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land •••••••••••••••••• 

TarAL INVES'IMENI' CCET 

B. OPERATION AND 
MAINTENA'N:E CCET 

Labor and supervision. 
Energy •••••• o••••••••• 

Chemicals ••• e••••••••• 
Maintenance.e••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal ••••••••.••••• 
Monitoring, analysis 
and reporting ••••••••• 

TarAL OPERATION AND 
MAINTENAN::E CCET 

C. AMORTIZATION OF 
INVES'IMENr CCET 

TarAL ANNUAL CCET 

FIRST 

$1,375,800 

302,500 

7,000 

337,060 

337,060 
252,000 

$2,611,420 

$56,000 
2,800 

42,000 
235,942 
78,342 

15,000 
-------

$430,084 

$383,877 
---------

$813,961 

SECa.ID 

$8,600 

80,500 

17,820 

17,820 

$124,740 

$14,000 
1,000 

12,474 
3,742 

7,500 
----------

$38,716 

$20,295 
----------

$59,011 

*First level represents the base cost of treatment system. 
Other levels represent the incremental cost above base cost. 
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TABLE 18-11. MODEL PLAN!' TREA'IMENI' CCBTS 
""""'===- ----- - -- ================================================= 

Subcategory SODIUM DICHROMATE 

Production 70,000 metric tons per year 
200 metric tons per day 

Waste \'later flow 1400 cubic meters per day. 

( 77, 175 tons per year) 
(220 tons per day) 

LEVEL OF 'IREA'IMENI'* 

A. INVES'IMENI' CCBT 

Construction ••••••••• 
Equip:nent in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equip:nent 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
rand •••••••••••••••••• 

TarAL INVES'IMENI' CCBT 

B. OPERATION AND 
MAINTENAN::E CCBT 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal •••••••••••••• 
twkmitoring, analysis 
and reporting ••••••••• 

TarAL OPERATION AND 
MAINTENAN:!E CCBT 

C. AM<RTIZATION OF 
INVES'IMENI' CCBT 

TarAL ANNUAL CCBT 

FIRST 

$1,742,950 

390,500 

9,000 

428,490 

428,490 
324,000 

$3,323,430 

$56,000 
2,800 

58,000 
299,943 
99,702 

15,000 
---------

$531,445 

$488,007 
--------
$1,019,452 

SECOOD 

$12,200 

91,500 

20,740 

20,740 

$145,180 

$14,000 
1,000 

14,518 
4,355 

7,500 
---------

$41,373 

$23,620 
----------

$64,993 

----------------------------------------------------------------------
*First level represents the base cost of treatment system. 
Other levels represent the incremental cost above base cost. 
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shown graphically in Figure 18-6. Treatment cost per metric ton 
of product is shown in Figure 18-7. 

Table 18-12 gives a summary of the unit cost distribution 
between amortization, and the operation and maintenance cost 
components at various production rates and levels of treatment. 

At the first level of treatment, investment costs are high 
because sludge lagoons costs are provided for a ten-year period. 
Therefore, amortization is the major portion of the total annual 
costs. In place of annual cost for the residual waste (sludge) 
disposal, a large investment in land is shown. At the second 
level of treatment, labor and amortization have significant 
impact on the additional annual costs. 

18.7 BASIS FOR REGULATIONS 

18.7.1 BPT Effluent Limitations 

Technology Basis 

BPT regulations for the Sodium Dichromate subcategory are 
presently in effect, 40 CFR 415.172 (Table 18-2). The 
technology basis for the existing BPT is sulfide reduction of 
hexavalent chromium, followed by alkaline precipitation of 
metals and clarification. As an alternative to the use of 
sodium bisulfide, the reduction of hexavalent chromium may be 
accomplished by reaction with ferrous iron or sulfur dioxide 
under acidic conditions. All three plants in this subcategory 
have installed BPT technology and are meeting the limits. 

Necessary to the achievement of good effluent quality after 
precipitation of heavy metals, is the control of suspended 
solids. In the Sodium Dichromate Subcategory, it can be assumed 
that chromium is a significant constituent in the suspended 
solids discharged. For this reason, only one advanced treatment 
alternative, addition of a filtration unit for solids control, 
has been recommended. 

Response to Remand Issues 

The zero discharge requirement originally promulgated as 
BAT for sodium dichromate production was remanded on the basis 
of inadequate technical and economic justification for the 
evaporative technology required to eliminate discharge. A 
control and treatment alternative, which allows waste water 
discharge, has been identified and the performance levels 
achievable have. been demonstrated at one facility. 
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TABLE 18-12. MODEL PIAN!' TREA'IMENT COOTS 

Subcategory SODIUM DICHROMATE 

oosr ITEM 

Annual Operation 
and Maintenance 

Annual 
1mortization 

Total Cost 

PRODUCTION FLOW 
(kkg/yr) (m3/day) 

20,000 400 
50,000 1,000 
70,000 1,400 

20,000 400 
50,000 1,000 
70,000 1,400 

20,000 400 
50,000 1,000 
70,000 1,400 
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Annual Treatment Costs ($/kkg) 

LEVEL OF 'IREA 'IMENT 

FIRST SECCND THIRD FOUR'IH 

11.97 1.45 Not Applicable 
8.60 0.77 
7.59 0.59 

9.03 0.43 
7.68 o. 41 
6.97 0.34 

21.00 1.88 
16.28 1.18 
14.56 0.93 



• 
Flow Basis 

The model plant waste water flow rate is based on the raw 
waste influent data obtained from three plants as shown in Table 
18-3. The flow rate selected, 8.5 m3/kkg, is the average of the 
flows for these three plants. All three plants are included in 
the flow averaging because the waste squrces were typical for 
the industry at the time of sampling and represent the range of 
inflow rates expected to be handled by a BPT treatment system. 

Selection of Pollutants to be Regulated. 

For BPT regulations the Agency is retaining the pollutants 
that are presently limited under 40 CFR 415.172. These are pH, 
total suspended solids (TSS), hexavalent chromium (CrVI) , and 
total chromium (Cr). The significance of these pollutants is 
substantiated by the screening and verification data presented 
in Section 18.1.1. 

The available treatment technology for the removal of 
chromium from waste water necessitates the reduction of 
hexavalent chromium (chromate or dichromate) to the trivalent 
state which can then be precipitated as chromic hydroxide, 
Cr(OH)3. Thus, from the regulatory point of view, an effluent 
limitation on the discharge of total chromium effectively limits 
hexavalent chromium as well. But, placing limitations on both 
forms of chromium in the Sodium Dichromate Subcategory is 
consistent with the primary objective of controlling 
specifically the highly toxic hexavalent form by means of a two
step treatment process. In light of the potential analytical 
difficulties associated with the measurement of hexavalent 
chromium discussed in Section 5.1.3, monitoring both the 
hexavalent chromium and the total chromium content of the 
treated effluent provides an additional assurance that high 
chromate levels would not go undetected. As treatment system 
performance data are accumulated, support may develop for a 
decreased monitoring requirement or the'elimination of effluent 
limitations on hexavalent chromium. 

Basis for Pollutant Limitations 

Conventional Parameters - -

A. pH: After final pH adjustment, the BPT treated 
effluent is to be held within the pH range of 6 to 9. The pH 
limitation is based on Appendix B of this report and a study 
report, "An Assessment of pH Control of Process Waters in 
Selected Plants" by JRB Associates, Inc. (52) • 

B. TSS: The present study substantiates the basis for the 
existing BPT limitation on total suspended solids. The treated 
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effluent sampling data from two plants presented in Table 18-13 
suggest that the TSS concentrations found in sampling represent 
achievable performance of a well operated BPT system. This is 
in agreement with the 26 mg/1 TSS which is the concentration 
basis for the existing maximum 30-day average effluent 
limitation (Table 18-2). For comparison, Table A-lla summarizes 
the long-term data available from another subcategory where a 
similar BPT is applied. Plant #376 discharged an average TSS of 
11 mg/1 without filtration. Monitoring data from Plant #493 
shown at the bottom of Table 18-13 indicates that 25 mg/1 is an 
achievable maximum 30-day average for TSS with filtration. 
Thus, individual plant performance can be seen as a function of 
a very large number of operating variables and waste 
characteristics. In general, the available performance data 
support the achievability of the existing regulations. 

The variability factor ratio (VFR) of 2.0 is derived from 
the long-term data on chromium as presented in Tables A-9a-l, 
and following. This VFR value is used for TSS and chromium 
because a significant proportion of, the TSS is composed of 
suspended metal hydroxides resulting from BPT treatment. For 
TSS, the maximum 30-day average limitation is related to the 
concentration basis and the model plant flow as follows: 

(26 mg/1) (8.5 m3/kkg) 
( 

kg/m3 \ = 0. 22 kg/kkg 
Iooo mg/)1 

and the daily maximum limitation is obtained by multiplying by 
the VFR; 

(2.0) (0.22 kgjkkg) = 0.44 kg/kkg 

Toxic Pollutants -

A. Chromium: For BPT, the Agency is retaining the 
existing limitations on total and hexavalent chromium as given 
in 40 CFR 415.172 (Table 18-2). The verification sampling data 
from Plant ~376 (Table 18-13) provide support for the 30-day 
average concentration bases used for total and hexavalent 
chromium. The observed performance level of 0.81 mg/1 of total 
chromium falls between the maximum 30-day average and the daily 
maximum concentration limits of 0.50 and 1.0 mg/1, respectively, 
for the model plant. 

For hexavalent chromium, the observed performance level of 
less than 0 .• 01 mg/1 was below the accepted lower limit of 
treatability (0. 05 mg/1) from Table 8-11. The treatability 
level was the basis of the 30-day average concentration basis of 
0.060 mg/1 used for the existing BPT regulations (Tables 18-2 
and 18-14). 
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TABLE 18-13. EFFLUENT SAMPLING nz\TA FRCM 
SODIUM DICHROMATE PlANTS 

Pollutant 

'Ibtal SUspended 
Solids, TSS 

Hexavalent 
Chrani.um, Cr 

'Ibtal 
Chrcmil..ml, Cr 

Cop}?er, cu 

Nickel, Ni 

Selenil..ml, Se 

Silver, Ag 

Zinc, Zn 

Flow (m3 /kkg) 

TSS 

Cr (VI) 

Cr (T) 

(VI) 

(T) 

Screening & Verification Data 

Plant #376 Plant #493 

(mg/1) (kg/kkg) (mg/1) (kg/kkg) 

11 0.046 2.0 0. 0085 

< 0.01 < 0.00004 0.004 0.00002 

0.81 0.0034 2.5 0.011 

0.012 0.00005 0.016 O.C0007 

0.20 0.00083 0.090 0.00038 

< 0.005 < 0.00002 0.10 0.00043 

0.015 0.00006 < 0.007 < 0.00003 

0.008 0.0003 0.11 0.00047 

4.16 4.25 

Long Term Monitoring Da.ta-Max.imum 30-Da.y Averages 

Plant #493 (l) <2> 
(mg/1} 

25 

0.023 

0.072 

(kg/kkg) 

0.11 

0.00010 

0.00031 

(1) Filtered effluent data rep::>rted in response to 308 questionnaire 
(12-22-76) 

(2) The m:mber of samples is unknown. 
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The VFR of 2. 0 used for total chromium is confirmed by 
long-term data (Tables A-9a-l, and following) on alkaline 
precipitation of chromium in another subcategory where a 1. 8 
value was determined for a similar BPT technology. 

The existing 24-hour maximum effluent limitation that was 
published for hexavalent chromium is in error as it appears in 
40 CFR 415.172. The correct value is 0.0009 kgfkkg reflecting 
an overall VFR value of approximately 1.8 for the residual 
hexavalent chromium remaining after the two-step treatment 
process. 

For total chromium, the maximum 30-day average limitation 
is, 

(0.50 mg/1) (8.5 m3/kkg) (_ kgfm3 ::\ 
~000 mg/Y 

= 0.0044 kg/kkg 

and, by applying the VFR value of 2.0, the daily maximum is, 

(2.0) (0.0044 kg/kkg) = 0.0088 kg/kkg 

For hexavalent, the maximum 30-day average limitation is, 

(0.060 mg/1) (8.5 m3/kkg) (_ kgfm3 ~ 
\.Iooo mg/Y 

= 0.0005 kg/kkg 

and the daily maximum is obtained using the VFR value of 1.8, 
that is, 

(1.8) (0.0005 kg/kkg) = 0.0009 kg/kkg 

B. Other Metals: The concentration bases for nickel and 
zinc are also given in Table 18-14. These and other similar 
metals will be effectively removed by the BPT alkaline 
precipitation step. Copper, silver, selenium, arsenic, and lead 
did not occur at concentrations high enough to be treatable and 
are therefore not regulated. An adequate removal of these 
metals is expected with a BPT treatment system specifically 
designed to provide optimum conditions for the precipitation of 
chromic hydroxide. 

18.7.2 BCT Effluent Limitations 

For the control of conventional pollutants, the Agency is 
setting BCT equal to BPT because the addition of more treatment 
technology to increase the removal of TSS failed to pass the BCT 
cost comparison test described in Section 3.3.3 of this report. 
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TABLE 18-14. PROPOSED LIMITATIONS 
Sodium Dichrana:te 

Best Practicable Control Teclmology ~ently Available 
W:lste Water Flow: 8. 5 m /kkg 

Concentration Basis Effluent L.llnit 
~ategory (mg/1) (kg/kkg) 

Pollutant Perfonnance 
VFR(l) _____________ 

------------
(mg/1) 30-day 24-hr 30-day 24-hr 

Avg Max Avg Max 

Conventional Fbllutants: 

Total SUsperxled 11<3> 2.0 26 52 0.22 0.44 (2) 
Solids 

Toxic Pollutants: 

Total Chromium 0.81(3 ) 2. 0 (S) 0.50 1.0 0.0044 0.0088(2 ) 

Hexavalent o.oso<4> 1.8 (6) 0.060 0.11 0.0005 o.ooog(2) 
Chromium 

Nickel 0.20(3) 2.0 0.20 <4> 1.0 

Zinc o.so<4> 2.0 0.5 l.O 

(1) VFR: ratio of the 24 mur variability factor to the 30 day 
variability factor. 

(2) Existing regulations, 40 CFR 415.72 (Table 18-2) 

(3) Verification sampling averages from Plant #376 (Table 18-13). 

(4) rower limit of treatability (Table 8-11). 

(5) The VFR used in original regulation is oonfinned by long tenn data on 
alkaline precipitation of chranium in another sul:x::ategory (Tables A-9a-l, 
etc.) 

(6) VFR used in original regulation. 
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18.7.3 BAT Effluent Limitations 

Technology Basis 

For BAT, the Agency is proposing limitations based on 
technology that includes BPT treatment plus the addition of dual 
media filtration to remove addi tioual toxic metals from the 
effluent. Orie plant has installed BAT treatment and is 
presently meeting the proposed limitations. 

Flow Basis 

The 308 data was collected from three plants of which two 
are still operating. For BAT, the model plant flow rate 
selected is 7.0 m3/kkg which is the average of the two plants 
still operating, i.e., Plants #398 and f.493. Plant f376 which 
is the third plant has shut dbwn its sodium dichromate 
production facilities. 

Selection of Pollutants to be Regulated 

For the BPT regulations previously developed, the pollutant 
parameters of concern were identified as pH, TSS, hexavalent 
chromium, and total chromium. The selection of toxic pollutants 
for control at the BAT step is based on the results of the 
screening and verification sampling program reported in this 
document. In section 18.3.3 a tabular summary of the maximum 
observed raw waste concentrations is presented to show the 
relative importance of the metals that were found. No 
detectable concentrations of toxic organic substances were 
found. Of the metals found, chromium, nickel and zinc were by 
far the dominant pollutants in terms of maximum concentrations, 
while copper, silver, lead, and selenium were found at lower 
levels. Because of the high percentage of total chromium in the 
hexavalent state it was concluded that the limitation of both 
hexavalent and total chromium was advisable to assure reduction 
of chrome (+6) to chromium (+3) which is part of the technology 
basis for the regulation. The total subcategory raw waste 
loadings are also shown in Section 18.3.3. These are based on 
the average observed concentrations and loadings presented in 
Table 18-8. · 

The estimated total loadings for the subcategory confirm 
importance of chromium, nickel and zinc and these three metals 
have been selected as the control parameters for the BAT 
regulations. 

Basis of Pollutant Limitations 

Nonconventional Pollutants - No nonconventional pollutants 
have been identified for control in the 'sodium Dichromate 
Subcategory. 
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Toxic Pollutants -

A. Chromium: The addition of dual media filtration to BPT 
is expected to achieve the removal of an additional 60 percent 
of the total chromium in the treated effluent. This estimate is 
based on literature treatability data (41) on chromium presented 
in Table 8-11 and discussed further in Section 12.3 .3. Thus, 
using the sampling data obtained from Plant #376 (Table 8-13), 
the concentration basis for the 30-day average effluent 
limitation becomes 0.32 mg/1 total chromium with BAT treatment. 
That is, 

(1.00 -0.60) (0.81 mg/1) = 0.32 mg/1 

The hexavalent chromium contribution to the total chromium 
concentration is negligible when the chromate reduction step is 
properly designed and operated. However, for BAT the 
designation of hexavalent chromium as a control parameter is 
retained and the proposed maximum 30-day average limitation is 
based on the accepted lower limit of treatability d·er i ved from 
literature data (Table 8-11), that is, 0.05 mgjl. The observed 
performance at Plants f376 and f:493 shown in Table 18-13 
supports the achievabili ty of this concentration on a 30-day 
average basis. 

The VFR value of 2.0 used for BPT is supported by long-term 
data (Tables A-9a-l, and following) and is also used for the 
proposed BAT regulations. This value applies to both the total 
and hexavalent forms of chromium. Thus, 'for total chromium, the 
proposed maximum 30-day average limitation is, 

(0.32 mgjl) (7.0 m3/kkg) (_ kgjm3 ~ = 0. 0022 kgjkkg 
\1000 mg/y . 

and, applying the VFR value of 2.0, the proposed daily maximum 
is, 

(2.0) (0.32 ~g/1) '(7.0 ~3/kkg) (_. kg/~3 ~ = 0.0045 kgjkkg 
vooo mg/,Y 

For hexavalent chromium, the proposed maximum 30-qay 
average limitation is: 

It 

I 
(0.050 mg/1) (7.0 m3jkkg) (_ kgjm3 .\ 

\tOOO mg/1) 

and the proposed daily maximum is, 

(2.0) (0.00035 kgjkkg) = 0.00070 kgjkkg 
f 

t 

= 0.00035 kgjkkg, 

The proposed limitations are shown in Table 18-14. 
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B. Nickel: Starting with the BPT concentration basis 
shown in Table 18-14, and dual media filtration will remove an 
additional 14 percent (41) of the nickel from the treated 
effluent, the proposed 30-day average limitation for BAT was 
determined to be (1.00 -0.14) (0.20 mg/1) = 0.17 mg/1. The VFR 
value of 2. 0 that was used for chromium was also applied to 
nickel because of the similarity in the treatment chemistry of 
these metals. Thus, the proposed maximum 30-day average nickel 
limitation is, 

(0.17 mg/1) (7.0 m3/kkg) (_ kgjm3 2\ 
\lOOO mg/Jj 

= 0.0012 kgjkkg, 

and, the corresponding daily maximum limitation is: 

(2.0) (0.0012 kg/kkg) = 0.0024 kg/kkg 

c. Zinc: For BAT, the proposed zinc limitation is 
based on the lower limit of treatability by alkaline 
precipitation and a filter efficiency of 6 percent (41). Thus, 
the concentration basis for the maximum 30-day average effluent 
limitations was set at 0.47 mg/1 as follows: 

(1.00 -0.06) (0.50 mg/1) = 0.47 mg/1 

The VFR value of 2.0 was also used on zinc for the same 
reasons given in the discussion of the chromium and nickel 
limitations. Thus, the proposed maximum 30-day average 
limitation is, 

(0.47 mg/1) (7.0 m3/kkg) (_ kgjm3 ~ 
~000 mg/:y 

= 0.0033 kg/kkg 

and the proposed daily maximum limitation is, 

(2.0} (0.0033 kg/kkg) = 0.0066 kg/kkg • 

. D. Other Metals: Other toxic metals detected in the raw 
waste waters include copper, lead, silver, selenium, and 
arsenic. None of these occured at maximum concentrations 
considered treatable by the applied technology for BAT or NSPS, 
and therefore specific numerical limitations are not proposed. 
Should any of these toxic metals be found at treatable raw waste' 
concentrations, effluent limitations would be established on a 
case-by-case basis by applying the appropriate lower limits of 
treatability from Table 8-11 as the concentration bases for 
maximum 30-day average limitation. 

692 



18.7.4 RSPS Effluent Limitations 

Technology Basis 

For new sources the 
existing NSPS regulations 
regulation based on BAT. 

Flow Basis 

EPA is proposing to replace the 
(40 CFR 415.174) with a new NSPS 

For the new NSPS, the model plant flow rate is the same 
rate that was applied to the model plant BAT systems, i.e., 7.0 
m3/kkg. The bas is for this flow rate is described in Section 
18.7.3. 

Selection of Pollutants to be Regulated 

For NSJ?S the Agency is proposing to regulate the same 
conventional parameters presently controlled under the existing 
BPT regulation. These are pH and TSS. No nonconventional 
pollutants have been selected for regulation. 

For the control of toxic metals, the Agency has selected 
total and hexavalent chromium, nickel, and zinc on the basis of 
screening and verification data. The bases for toxic pollutant 
selection for NSPS are the same as those discussed for BAT in 
Section 18.7.3. 

Basis for Pollutant Limitations 

Conventional Pollutant Parameters -

A. pH: For NSPS, the Agency is proposing a pH limitation 
identical to the existing BPT regulation. The treated effluent 
is to be held within the range of pH 6 to 9. This limitation is 
supported by the results of studies presented in Appendix B of 
this report and the JRB Associates, Inc. report previously cited 
(52) • 

B. TSS: For NSPS, the EPA is proposing a total suspended 
solids limitation achievable with BAT treatment. The 
concentration basis for the.maximum 30-day average is equal to 
the 25 mg/1 derived from long-term data at Plant ¥493 (Table 18-
13) where the equivalent of BAT treatment is practiced. 

Thus, the proposed maximum 30-day average limitation is: 

(25 mg/1) (7.0 mg/kkg) f: kgjm3 ~ = 0.18 kg/kkg 
\2:000 mg/;J 
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and the corresponding daily maximum is obtained by applying the 
VFR value of 2.0. That is, 

(2.0) (25 mgjl) (7.0 m3/kkg) (_ kg jm3 .::J 
~000 mg!;J 

= 0.35 kgjkkg 

Nonconventional Pollutants 
pollutants have been identified for 
regulations. 

No nonconventional 
control under NSPS 

Toxic Pollutants - For NSPS, the proposed BAT limitations 
on total chromium, hexavalent chromium, nickel, and zinc apply. 
The bases for BAT limitations are discussed in Section 18.7.3. 
The proposed NSPS limitations are presented in Table 18-16. 

18.7.5 Pretreatment Standards 

Existing sources 

The Agency is proposing pretreatment standards for existing 
sources (PSES) based on BAT treatment. The pollutants limited 
by the proposed PSES are total chromium, hexavalent chromium, 
nickel and zinc. Table 18-15 presents the PSES limitations. 

New Sources 

There is an existing pretreatment standard for new sources 
(PSNS) in effect (40 CFR 415.176) which is based on BPT 
treatment. The Agency is proposing to amend this regulation by 
substituting new PSNS limitations based on BAT. The pollutants 
limited by the proposed new PSNS are total chromium, hexavalent 
chromium, nickel and zinc. Table 18-15 presents the proposed 
new PSNS limitations. At present, there are no indirect 
dischargers in this subcategory. 
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TABLE 18-15. PROPOSED LIMITATIONS 

Sodium Dichroma.te 
1 Best Available Technology ( ) 

Waste Water FlCM: 7.0 m3/kkg 

Concentration Basis Effluent Limit 
(m;r/1) (kg/kkg) 

Treatability VFR(2) ------------------- ------------Pollutant 30-day 24-hr 30-day 24-hr (mg/1) Avg Max Avg Max 

Toxic 
Pollutants: 

Total <llromium 0. 32 (3) 2.0 0.32 0.64 0.0022 0.0045 

Hexavalent 0.050(4) 2.0 0.050 0.10 0.00035 0.00070 
Chromium 

Nickel 0.17(4) 2.0 0.17 0.34 0.0012 0.0024 

Zinc 0.47(4) 2.0 0.47 0.94 0.0033 0.0066 

(1) Including pretreatnent standards for existing sources (PSES) and 
pretreatment standards for nevl sources (PSNS) expressed as concentration 
limitations but. with mass equivalents as an alternate. 

(2) VFR: ratio of the 24 hour variability factor to the 30 day variability 
factor. 

(3) BPT perfonrence basis with additional 60 percent rerroval by filtration. 

(4) Estimated lc::Mer limit of treatability with filtration. 
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TABLE 18-16. CONTROL PARAMEI'ER LIMITATIONS 
Sodium Dichromate 

New Source Perforn:ance Standards 
vvaste water Flow: 7 .o m3jkk.g 

Concentration Basis Effluent Limit 

B:>llutant Treatability v:E:£1> 
_ _l!!!<K!t ____ ---{~~91 ___ 

{mg/1) 30-<la.y 24-hr 30-<la.y 
Avg M:lx Avg 

Conventional B:>llutants: 

TOtal SUspended 25 {2 ) 2.0 25 50 0.18 
Solids 

TOxic Pollutants: 

'lbtal Chranium 0.32{2) 2.0 0.32 0.64 0.0022 

Hexavalent- 0.050 {2) 2.0 0.050 0.10 0.00035 

Chrcmiun 

Nickel 0.17 {3) 2.0 0.17 0.34 0.0012 

Zinc 0.47{3) 2.0 0.47 0.94 0.0033 

(1) VFR: Ratio of the 24 h:>ur variability factor to the 
30 day variability factor. 

24-hr 
M:lx 

0.35 

0.0045 

0.00070 

0.0024 

0.0066 

(2) M3xircn.:un 30-<la.y average perfonnance at Plant #493 (Table 18-13) 
This plant employs treatment equal to BAT. 

(3) The lower limit of the literature treatability estimate 
(Table 8-11) is used as the basis for the 30-<la.y average 
limitation when the observed average of tie sampling data 
is below this level. The sampling data are presented in 
Table 18-10, Plant #493. 
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SECTION 19 

CARBON DIOXIDE INDUSTRY 

19.1 SUMMARY OF DETERMINATIONS 

It has been determined that no further effort will be given 
to developing BPT, BAT, NSPS, and Pretreatment regulations for 
the carbon dioxide subcategory. The basis for this 
determination is that no toxic pollutants were found at 
significant levels in the process related waste water during the 
screening of one plant. The subcategory is excluded under 
Paragraph 8 of the consent Decree. 

19.2 ASSESSMENT OF THE WATER POLLUTION POTENTIAL 

19.2.1 Production Processes and Effluents 

Carbon dioxide is produced in gaseous, liquid, or solid 
form. Most of the carbon dioxide is produced as a by-product of 
ammonia production. A major portion of the carbon dioxide is 
used captively for producing urea and secondary recovery of oil 
and natural gas. It is also used for refrigeration, in the food 
industry for the carbonation of beverages, in fire extinguishing 
equipment, and oil well stimulation. 

The process waste water is derived from gas scrubbing and 
condensation. The only toxic pollutant found at a significant 
concentration is the raw waste during screening at one plant was 
zinc (910 llg/1). When the data was reviewed with plant 
personnel, it was discovered that the zinc level was due t'o zinc 
corrosion inhibitors and was not process related. Control of 
zinc from this type of source is best achieved by management on 
a case-by-case basis by the permitting authority. The 
subcategory profile data is given in Table 19-1. 

Maximum concentration of tox'ic pollutants found in screening 
at one plant were: 
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TABLE 19-1. stJ13CATEIDRY PROFILE DATA SUMMARY 

CARBON DIOXIDE 

'lbtal subcategory capacity rate 

'lbtal subcategory production rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total prcx1uction of 

Representing capacity 

Representing production 

Plant pt:Oduction range: 

Minimum 

Max:irnum 

Average production 

Median production 

Average capacity utilization 

Plant age range: 

Min:i:mum 

Max:irnum 

Waste water flow range: 

Min:imum 

Volume .per unit product: 

Min:imum 

Maxfurum 

12,194,000 kkg/year 

1,819,000 kkg/year 

105 

12 

713,947 kkg/year 

558,667 kkg/year 

59 percent 

31 percent 

1,600 kkg/year 

155,000 kkg/year 

NA 

NA 

NA 

6 years 

50 years 

NA 

NA 

NA 

NA 

Sources of data are Stanford Research Institute, Directory of Chemical 
t>roducers, u.s.A., 1977, u.s. Depart:m::mt of Ccmnerce, CUrrent Industrial 
Reports, December 1977; Energy and Environmental Analysis, Inc.; Draft 
Report, "Preliminary Econanic Assessmant of Effluent Limitations in the 
Ioorganic Chanical Ir:rlu.stl:y," June, 1978 and "Economic Analysis of Proposed 
~sed Effluent Guidelines and Standards for the Inorganic Cllemicals Industry, " 
.March, 19 80. 

NA = Not Available 
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Pollutant 

Zinc 
Copper 
Chromium 

19.3 STATUS OF REGULATIONS 

~g/1'" 

910 
75 
31 

Subpart AF has been reserved for this subcategory. 
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SECTION 20 

CARBON MONOXIDE AND BY-PRODUCT HYDROGEN INDUSTRY 

20 .1 SUMMARY OF DETERMINATIONS 

It has been determined that no further effort be given to 
developing BAT, NSPS, and Pretreatment regulations for the 
Carbon Monoxide and By-Product Hydrogen Subcategory. The basis 
for this determination is that no toxic pollutants were found at 
significant levels in the process related waste water during the 
screening of one plant. The subcategory is excluded under 
Paragraph 8 of the' Consent Decree. 

20.2 ASSESSMENT OF THE WATER POLLUTION POTENTIAL 

20.2.1 Production Processes and Effluents 

Carbon monoxide is produced as a result of production of 
hydrogen by refining natural gas. It is also recovered from 
several gas sources including partial combustion of oil or 
natural gas, coke oven gas, blast furnace gas, water gas, and 
methane retormer gas. 

The major use of carbon monoxide is for the manufacture of 
methanol. It is also used in the production of ammonia, acetic 
acid, zinc white pigments, and for reducing oxides for special 
steels and nickel refining. 

The industry profile data is given in Table 20-1. 

Toxic pollutants detected in the raw ~aste· during 
screening at one plant were: 

Pollutant 

Chromium 
Zinc 
Silver 
Mercury 

Concentration (~g/1) 

2590 
820 

1.4 
1.2 

The only pollutants of significance in terms of waste loads 
are chrome and zinc. However, those result from the additives 
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TABLE 20 .. 1 ~RY .PROFILE DATA SUMMARY 

CARBON IDNOXIDE AND BY-PIDDUcr HYDROGEN 

'lbtal subcategory capacity rate 

'lbtal subcategory production rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing production 

Plant production range: 

Minimum 

Maxinnlm 

Average production 

Median production 

Average capacity utilization 

Plant age range: 

.Maximum 

Waste water flow range: 

M:i.n.im.:nn 

Max:imJm 

Volume per unit product: 

Minimum 

.Maximum 

277,200 kkg/year 

5 

5 

112,400 kkg/year 

40 percent 

47 kkg/year 

63,000 kkg/year 

NA 

NA 

NA 

8 years 

19 years 

NA 

NA 

NA 

NA 

Sources of data are Stanford. Research Institute, Directory of Chemical 
P.r:oducers, · U.S .A. , 1977, U.S. Department of Ccmnerce, Current Industrial 
Re};x:>rts, Decanber 1977; Energy and Envirornnental Analysis, Inc.; Draft 
Report, "Preliminary Econanic Assessment of Effluent Limitations in the 
Irx>rganic Chenical Irrlustry," June, 1978 and "Eoonomic Analysis of Proposed 
Revised Effluent Guidelines and Standards for the Inorganic Chemicals 
Industry, " March, 19 80. 

NA = Not Available 70 2 



used in cooling water to inhibit corrosion, and are not process 
related. Control of zinc and chromium from this type of source 
is best achieved by best management practices on a case-by-case 
basis by the permitting authority. 

20.3 STATUS OF REGULATIONS 

Subpart AG has been reserved for this subcategory. 
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SECTION 21 

COPPER SULFATE INDUSTRY 

21.1 INDUSTRIAL PROFILE 

21.1.1 Genera1 Description 

Most of the copper sulfate produced is sold in the merchant 
market, consequently captive use is very small. Copper sulfate 
is produced either as a liquid solution or dried crystals. It 
is used in agriculture as a pesticide, and as an additive to 
copper-deficient soils. It is also used in electroplating and 
petroleum refining, and as a preservative for wood. Of the 16 
plants in this industry, four plants produce copper sulfate in 
significant quanti ties and account for 70% of the total U.s. 
production. Two of these facilities account for over 50%. 

The industrial profile data for this subcategory are given 
in Table 21-1. The status of regulations is summarized in Table 
21-2. 

21.1.2 Genera1 Process Description and Raw Materia1s 

Copper sulfate is produced by reacting copper with sulfuric 
acid, air and water. The general reaction is: 

Cu + 1/2 02 + H2S04 = CuS04 + H2 (1) 

Various forms of copper feed material are used, from pure 
copper to copper slag. The purity of raw materials 
significantly effects the quality and quantity of raw w,aste 
generated. One plant does not start with copper metal but uses 
a waste stream from a copper refinery which consists of copper, 
sulfuric acid, and a small amount of nickel. The solution needs 
to be strengthened by the addition of more copper but the same 
general equation applies. 

Copper metal and/or copper ~efinery waste stream, steam, 
water, sulfuric acid and air are treated in oxidizer tanks at 
100° C to produce a solution of copper sulfate. This solution 
is partially concentrated by evaporation. 
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TABLE 21-1. SUBCATEGORY PROFILE DATA SUMMARY 

CDPPER SULFATE 

Total subcategory capacity rate 

Total subcategory production rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing production 

Plant production range: 

M:ininrum 

MaxinnJm 

Average production 

Median production 

Average capacity utilization 

Plant age range: 

Mi.n:irmJrn 

Max:i.rmJm 

Waste water flCM r~e: 
Mi.n:irmJrn 

.Max.inulm 

Volume per unit product: 

Mi.n:i.rnum. 

MaxinnJm 

Indete:rminate 

27, 300 kkg/year 

16 

10 

33, 850 kkg/year 

21, 420 kkg/year 

78 percent 

45 kkg/year 

9,100 kkg/year 

2, 100 kkg/year 

790 kkg/year 

63 percent 

3 years 

52 years 

0 cubic rreters/day 

45 cubic rreters/day 

0 cubic meter/kkg 

23 · cubic rreter/kkg 

Sources of data are Stanford Research Institute, Directory of Chenical 
Producers, u.S .A. , 1977, u.s. Department of Ccmnerce, current Industrial 
Rep:>rts, Decanber 1977; Energy and. Envirornnental Analysis, Inc.; Draft 
ReiX>rt, "Prel.llninary Econanic Assessnent of Effluent Limitations in the 
Inorganic Chemical IIrlustry, "June, 1978 and "Economic Analysis of Proposed 
Revised Effluent Guidelines and Standarcs for the Irorganic Chemicals Indus~ 
March, 1980. 
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TABLE 21-2. STATUS OF REGOIATICNS - EFFLDENT LIMITATICN GUIDELINES 

SUBPAR!' 

Product 
Process 

Pure Raw 
Materials 
Process 

Recovel:Y 
Process 

COpper SUlfate 

AJ (40 CFR 415.360, 5/22/75) 

Para
meters 

cu 

TSS 

cu 

Ni 

Se 

BPC'lCA 
Max.(l) Avg. (2) 

( kg/kkg ) (kg)<kg ) 
(nq/1) <m:r/1) 

0.0006 0.0002 

0.069 0.023 

0.003 0.001 

0.006 0.002 

0.0015 0.0005 

BATEA 

Max. Avg. 
(kg;'kkq) <k.ci~g) 

(m;/1) (m;/1) 

(1) - Max. = Maximum of any one day. 

NSPS 

Max. Avg. 

(~~y> (kWi1> 

(2)- Avg. =Maximum average of daily values for thirty consecutive days. 
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If pure copper is used as a raw material, the resulting 
copper sulfate solution is pure enough to be either sold, or fed 
to crystallizers producing copper sulfate crystals. If impure 
copper feed, or copper refinery waste is used, the concentrated 
copper sulfate solution is filtered to remove other metal 
impurities. This purified solution can be sold as is or fed to 
the crystallizer. Copper sulfate crystals are recovered by 
centrifugation, dried at ~110° c, screened and then packed dry 
for sale. The mother liquor is recycled to the evaporator or 
crystallizer with some being purged to prevent impurities 
buildup. The purges are usually sold for metal recovery. 

Figure 21-1 shows a general process flow diagram for the 
manufacture of copper sulfate. 

21.2 WATER USE AND WASTE SOURCE CHARACTERISTICS 

21.2.1 Water Use 

Water is used in copper sulfate production as the reaction 
medium, and it may be evaporated to the atmosphere during 
crystallization or it becomes part of the dry product as its 
water of crystallization (hydration). Noncontact cooling water, 
including steam condensate, consi tutes the major water use. 
Water is also used for pump seals and washdowns. Table 21-3 
gives a summary of plant water usages found in this study for 
facilities where information was available from 308 
Questionnaire responses and previous documents. 

21.2.2 Waste Sources 

Noncontact Cooling Water 

Noncontact cooling water is used to cool the crystallizers 
and constitutes one of the main wastes. This waste stream 
should not be contaminated by process leaks, and therefore can 
be discharged without treatment. 

Washdowns, Leaks, and Spills 

Washdown, pump seal leaks, and spills are sources of 
contact waste water. These flows, however, are relatively small 
and intermi ttant, and do not represent a major waste source. 
Waste waters emanating from this source are either combined with 
the mother liquor, or treated and discharged. 
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TABLE 21-3. WATER USAGE IN COPPER SULFATE SUBCATEGORY 

Water Usage at Plants (m3/kkg) 

Source #034 #284 #313 (l) #069 #571 

Process * 1. 21 {2) 24.8 3.30 0.075 
Contact 

Noncontact 19.6 0 37.3 105 0 
Cool:ing 

Maintenance 1.25 {2) 0.35 0.28 3.77 0.017 
Clean:ing and 
Washdown, Pumps 
Seals and Leaks 

Steam 38.6 0 0 0 0 

Air Pollution 0 0.52 0 0 0 
Control 

.... 
(1) Includes uses~ for other processes 

(2) Maxiurm.nn- :includes groundwater :infiltration 

* Utilizes feed solution from another :industry 
;' J ~ f ' 'L ... ...,:;.;. .... 
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Mother Liquor Purges 

A small portion of the mother liquor is purged periodically 
from the process to prevent buildup of metal impurities. The 
amount of purge is variable and depends on the purity of 
feedstock. These purges are processed to separate metallic 
salts, particularly those of copper and nickel, from the 
impurities. These recovered metallic salts are used for other 
processes while the impurities are disposed of at an approved 
landfill. 

Steam Condensate 

A few plants use evaporators to concentrate the production 
solution. Steam condensate is an additional noncontact waste 
water formed in the process. This can also be discharged 
without treatment. 

Sludge 

Solid waste is generated in product purification by the 
filtration step. This is necessary only for plants utilizing 
impure copper, or copper refinery waste, as raw material. These 
filter sludges contain metallic impurities or copper sulfides 
and need disposal at an approved landfill. 

Plants that produce copper sulfate in liquid form have no 
contact waste streams from the process. Plants utilizing pure 
copper feedstock are able to recycle most contact waste waters 
and generally have no discharge of contact wastes. Table 21-4 
summarizes the quantities of waste water that go to the 
treatment facility, their sources, and the handling practices 
for plants which do not discharge waste waters. The data was 
taken from 308 Questionnaire responses, previous development 
documents, and industry visits. 

21.3 DESCRIPTION OF PLANTS VISITED AND SAMPLED 

21.3.1 Screening 

Plant #034 was visited and process waste water and effluent 
samples were collected and analyzed for conventional and toxic 
pollutants. The process used at this plant is similiar to that 
described earlier, for one which utilizes a waste stream from a 
copper refining facility as its feedstock. The feedstock is 
strengthened by the addition of copper shot. The filter cake 
and wash water are sent to a settler where the cake and wash 
water are finally separated. The decant of the settler is 
recycled back to the reactor, while the settled sludge is sent 
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TABLE 21-4. WASTE WATER :FLeW FOR THE COPPER SULFATE SUBCATEGORY 

Avg. Waste Waste Water 
Water Flow to Handling 
Treatment Practice 

Plant (rn3 jkkg of CUSO 4) 

i034 0.94 Segregated treatment of 
cuso4 waste (lime trea-bnent) 

i284 0.52 Waste streams and treatrrent 
are combined with other 
mining, milling and man-
ufacturing process wastes. 

i313 23.4 * Waste streams and treatment 
are combined with other 
netal process wastes. 

i069 4.01 Waste streams are combined 
with waste from other re-
agent grade processes and 
discharged to sewer. 

i571 0 No discharge of waste fran the 
process (recycle) 

i885 0 No discharge of "Vlaste from the 
process (recycle) 

i458 0 No discharge of waste from the 
process (recycle) 

ilOO 0 No discharge of waste from the 
process (recycle) 

1969 0 No discharge of waste from the 
process (recycle) 

to so 0 No discharge of waste from the 
process (recycle) 

* Flow is for the cOI'lbined waste from all process per kkg of CUSO . 
1lctual anount of flow contributed by CUSO 4 process is unavailabie. 
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to another process for melting. Mother liquor purges from the 
centrifuge are also sent to other processes. Leaks, spills and 
washdown water flow down to a sump in the basement of the 
facility where it collects with contaminated ground water, and 
is then pumped to holding tanks. About one quarter of this 
waste water volume is comprised of contaminated ground water 
from the immediate area. From the holding tanks, the waste goes 
to the treatment facility where it is treated with lime, 
filtered and discharged to a collection tank. 

The uncontaminated steam condensate from the evaporator, 
and noncontact cooling water from the crystallizer, are combined 
with the effluent from the lime treatment in a collection tank. 
The combined stream passes through a cloth filter for final 
polishing and is discharged to a sewer. The filter residue from 
the filter press is hauled to an approved landfill site. Figure 
21-2 shows the general process and treatment flow diagram with 
the location of the sampling points. Table 21-5 presents flow 
data, total suspended solids (TSS), and copper and nickel 
emissions for the various waste streams sampled during 
screening. 

21.3.2 Verification 

Plant #034 was sampled again during the verification phase. 
Prior to this, the system was changed so that only the effluent 
from lime treatment goes to the collection tank and through the 
cloth filter. This effluent then combines with the steam 
condensate and noncontact cooling water waste streams after the 
cloth filter and discharges to the sewer. 

Figure 21-1 also shows this change, and the subsequent new 
sample points for verification phase sampling. Table 21-5 also 
gives flow and discharge data for various waste streams sampled 
during verification. 

Plant #034 was the only plant sampled for the copper 
sulfate subcategory. During the program, an attempt was made to 
locate other candidates for sampling. A search was conducted 
using the 308 questionnaires, published materials and the 
telephone. Out of the 17 other facilities, 11 have no discharge 
of process waste waters (practice recycle); four plants were 
large multi-product complexes with combined waste treatment 
systems where segregation of copper sulfate process wastes was 
impossible~ and two plants produced only reagent grade product, 
and are therefore low volume producers. 
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TABLE 21-5. FIDW AND POLLUTANT CONCENTRATION DATA OF THE SAMPLED 'WASTE 
STREAMS FOR PLANT #034 PRODUCING COPPER SULFATE 

Stream 
No. 

1 

2 

3 

1 

2 

3 

Sampled Unit Flow TSS 
stream { m3 /kkg of euro ~ 

Description 

CU Ni 
(all in -kg/kkg of CuS04) 

Screening {1) 

CUS)4 waste * 1.25 0.087 4.2 0.25 

Effluent from 1.25 0.078 0.010 0.00053 
lirre treatment 

Steam Condensate 0.209 0.00021 0.00016 0.000025 

Verification (2) 

CUS)4 waste * 1.25 1.8 5.0 0.20 

Effluent from 
lime treatment 1.25 0.030 0.0042 0.00038 

Non contact 14.2 0.11 0.024 0.0020 
Cooling Water 
and Steam 
Condensate 

(1) From grab samples corrposited during the :period of batch manufacturing 
and treatment process. 

(2) Average of three daily grab samples cornposited during the period of 
batch manufacturing and treatment process. 

* Infiltration of ground water into the collection sump was suspected at 
the time of sampling. 
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21.3.3 Toxic Pollutant Concentrations 

The following toxic pollutants were found at detectable 
concentrations in the raw waste samples at copper sulfate Plant 
#034 during·screening and verification sampling. 

Max.imum Raw Waste Concentration Observed 
(].lg/1) 

Pollutant 

Antimony 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Nickel 
Zinc 
1,1,1-trichloroethane 

NA = Not analyzed 

Screening 

330 
3,500 

870 
140 

1,850,000 
180 

112,000 
11,000 

240 

Verification 

1,300 
127,000 

2,500 
940 

3,940,000 
2,200 

136,000 
17,000 

NA 

A large portion of the raw waste water at this plant 
consists of ground water which seeps and collects in the 
basement, along with leaks and washdown water from the process. 
The ground water is contaminated from the surrounding area which 
is heavily industrialized. The trichloroethane is presumed to 
be external contamination because this chemical is not used in 
the process. 

No other organic toxic pollutants were found at significant 
concentrations during screening sampling. Consequently, no 
organic toxic pollutants were analyzed for in the verification 
phase. 

Section 5.1.2 of this report describes the methodology of 
the screening and verification sampling program. In the copper 
sulfate industry, a total of 6 days of sampling were conducted 
at Plant t034. Five different sampling points were 
involved covering the various raw wastes, and the intermediate 
and treated effluent streams. The evaluation of toxic metal 
content of these process related waste streams was based on 221 
analytical data points. The screening for toxic organic 
pollutants at Plant ¥.034 generated an additional 456 analytical 
data points. The unit loadings were calculated from the waste 
stream flow rates measured or estimated at the time of sampling, 
the measured pollutant concentration, and the reported copper 
sulfate production rate. 
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That is, 

Unit loading (as kg of pollutant per 
kkg of copper sulfate) = (C) (Q) 

1000 (P) 

Where: 

C is the concentration of the pollutant expressed in 
units of mg/1 (Note: kg/m3 = mg/1), 

Q is the waste stream flow rate expressed in units of 
m3/day. (m3, a cubic meter, is equal to 264.2 u.s. 
gallons) , and 

P is the copper sulfate production rate expressed in 
units of kkg/day (kkg is 1000 kg, a metric ton, which 
is equal to 2205 lbs). 

The average values are based on data from Plant #034 where 
the particular pollutant was found at concentrations greater 
than the analytical detection limits and in significant 
concentrations since it could be treated by an available 
treatment technology. 

In Table 21-6, the toxic pollutant raw waste data are 
presented as the average daily concentrations and the unit 
loading found during each sampling at Plant #034. The overall 
averages are also shown. It is this overall average which is 
used as the average raw waste load from the copper sulfate 
process in various calculations. 

Based on the total annual production rate 
subcategory and the average waste load generated 
product, the estimated total pollutant raw waste loads 
each year for this subcategory are as follows: 

of this 
per unit 
generated 

Pollutant 

Antimony 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Ni,ckel 
Zinc 

717 

Waste Load (kg/year) 

26 
1400 

74 
15 

124,000 
30 

6200 
700 



TABU: 21-6. RAW WASTE DATA 

SUbcatego:cy: Copper Sulfate 

Average Daily Pollutant Concentrations ~llfadings found during Sampling of 
Plant #034 

(I!'g'/1) 
(kg/kkg of cuso4.5H20l 

Pollutant Screening (2) Verification (3) OVerall Average (4) 

lRLy, Sb 0.31 0.54 0.44 
0.00069 0.0012 0.00095 

Arsenic, As 3.5 44.0 24.0 
0.0078 0.097 0.052 

cadmium, Cd 0.87 1.6 1.2 
0.0019 0.0035 0.0027 

Copper,Cu 1900 2200 2000 
4.2 5.0 4.5 

I.ead, Pb 0.18 0.78 0.48 
0.00039 0.0018 O.OOll 

Nickel, Ni 110 91.0 102 
0.25 0.20 0.23 

Zinc, Zn ll.O 12.0 12.0 
0.024 0.027 0.026 

Chranium, Cr 0.14 0.36 0.25 
0.000030 0.000080 p.ooo55 

Selenium, Se < O.Oll < 0.0050 < 0.008 
< 0.000024 < 0.000011 < 0.000018 

a::NVENl'ICNAL 

TSS 39.0 790 410 
0.087 1.80 0.92 

(1) The nethodology of the sampling program is descrl.bed m Section 5 .1. 2, 
and Sectl.on 21.1. 2 presents the scope of sarop1ing in the Copper 
Sulfate indust:cy. 

(2) Screening data fran one 72-hour grab carq;:osite sample of individual or 
carb.ined raw waste streams. 

(3) Verification data fran three 24-hour grab canposite samples, averaged. 

(4) 'l'l1en averaging values indicated as "less than" (<), the absolute value 
was used and the resulting average was indicated as a "less than" value. 
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21.4 POLLUTION ABATEMENT OPTIONS 

21.4.1 Toxic Pollutants of Concern 

The principal pollutant of concern is copper. The other 
toxic pollutants found in plant waste waters are closely related 
to the purity of the copper and acid sources. The heavy metals: 
cadmium, nickel, zinc and, to a lesser extent, antimony, 
chromium and lead, which were found during field sampling, may 
originate as trace impurities in copper scrap and other copper 
sources. Plants utilizing pure copper shot would not experience 
a buildup of these impurities in the mother liquor, and 
consequently would not generate a waste stream containing these 
impurities. Arsenic was also found in fairly high 
concentrations in the raw waste water. A possible source of 
arsenic, and other copper ore trace metals, is the use of 
sulfuric acid made from sulfur dioxide produced in the roasting 
of copper sulfide ore. 1,1, 1-tr ichloroethane was found and 
several other trace organic toxic pollutants were found in the 
raw waste at Plant #034 which contains infiltrated ground 
water. The general area around Plant #034 is heavily 
industrialized. The local ground water is known to' be 
contaminated with various organic compounds. Since there are no 
known organic compounds used in the feedstock, or copper sulfate 
process itself, the organic toxic pollutants found at Plant #034 
are atypical and are related to the contaminated ground water. 
Selenium was not detected in the raw waste at Plant #034. 
However, the average concentration of selenium was 0.1 mg/1 in 
the treated effluent for all sampling trips. This phenomenon 
was also observed in previous studies at this plant. The 
increase in selenium occurs in the treatment operation and the 
source is presently unknown. It is apparent that copper, 
arsenic, cadmium, chromium, lead, antimony, nickel and zinc are 
typical pollutants encountered in copper sulfate waste waters, 
and that selenium appears only in the effluent after lime 
treatment. 

21.4.2 Process Modifications and Technology Transfer Options 

"Mechanical scrapers could be installed on filters in plants 
·using impure raw materials. This would eliminate the need for 

backwashing and the waste water from this source would be 
eliminated. Installation of these scrapers would constitute a 
small capital cost. 

21.4.3 Best Management Practices 

The best technology available for the treatment of copper 
sulfate waste, where pure copper is used as th~ raw material, is 
total recycle of process waste. This would require floor dikes, 
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plumbing and sumps to segregate the wastes, and pumps and piping 
for recycle. · 

The best technology for waste treatment where copper 
sulfate is prepared from copper refinery by-product is 
collection of waste mother liquor and process spills, washdowns, 
etc., followed by lime precipitation of metals, settling of 
suspended solids and filtration. This would require installing 
dikes, sewers, a treatment tank, a settling tank, filter 
presses, and associa~ed piping and pumps (2). 

21.4.4 Prevailing Control and Treatment Practices 

Plant #034 collects leaks, spills and washdown water in a 
basement sump and pumps it to holding tanks having a combined 
volume of 6000 gallons. The batch is treated using lime 
neutralization and precipitation and is filtered by a filter 
press. The filtrate, after mixing with other streams, is 
polished further by passing through a cloth filter and is 
finally discharged to a sewer. The filter cake is hauled to a 
landfill. 

Plant #284 sends mother liquor purges and filter sludges to 
other processes. Waste waters from maintenance and dust control 
are combined with a multitude of other process wastes and 
treated by lime neutralization with aeration, followed by 
clarification before discharge. 

Plant #069, which produces a reagent grade product, sends 
periodic purges and washdown water to a combined collection 
system with waste water from various other products. Treatment 
consists of neutralization and equalization of the wastes and 
discharge to a POTW. 

Plant #313 also combines its waste waters from copper 
sulfate production with wastes from various other metal 
processes and presently discharges the combined waste, after 
settling, to a pond. A treatment system is being designed which 
uses lime precipitation at pH 10 followed by gravity separation 
and centrifugation to thicken the sludge. The waste will then 
be neutralized to pH 6.5-7.5 and discharged. 

Plants #100, #969, #050, #458, #885 and #571 have no 
discharge of waste water from the copper sulfate process. 

21.4.5 Advanced Treatment Technologies 

Copper, nickel, cadmium and zinc can be separated from 
solution by alkaline precipitation at pH values from 7.2 
(copper) to 9.7 (cadmium). Alternatively, sulfide precipitation 
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can be used. These metals can also be removed from clarified 
solutions by ion exchange, but the metal ions remaining on the 
exchange resins or in the regenerant solutions may create 
additional disposal problems. Removal of trace metal 
concentrations by the xanthate process, although possible, has 
not been used widely. Some reduction of arsenic concentrations 
at high pH levels has been reported, although the removal 
mechanism is not clear. More effective arsenic removal would 
require the addition of ferric chloride during alkaline or 
sulfide precipitation of the process wastes. 

21.5 SELECTION OF APPROPRIATE TECHNOLOGY AND EQUIPMENT 

21.5;1 Technologies for Different Treatment Levels 

Level 1 (BPT) 

Alkaline precipitation using caustic soda in a batch 
process was considered as the most effective technology for 
removal of heavy metals and arsenic. The Agency selected Level 
1 treatment as the basis for BPT because it represents the 
prevailing treatment practice in this industry. All direct 
dischargers have BPT installed. To accommodate a 40-hour, five
day production schedule, the wastes are received in daily 
batches, and are raised to pH JO, mixed and settled. At the end 
of the workweek, the batch is filtered and the pH adjusted to a 
range of 6 to 9. 

Level 2 

Ferrous sulfide is added in the reaction vessel following 
alkaline precipitation, to increase the precipitation of trace 
metals. 

Figures 21-3 and 21-4• show schematic flow diagrams for the 
two levels of treatment. 

21.5.2 Equipment for Different Treatment Levels 

Equipment Functions 

At both levels the models are designed for batch operation. 
Each day's wastes are transferred from holding sumps to a 
reaction vessel for storage. At the end of a workweek the BPT 
treatment of the accumulated waste consists of raising the pH to 
10 with caustic soda, mixing, and applying filter aid while 
filtering in a filter press. After pH adjustment to the 6 to 9 
range, the filter effluent is discharged. In the Level 2 model 
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the equipment remains the same but precipitation is accomplished 
in two steps. Metallic hydroxides are allowed to form and 
settle in the bottom of the reaction vessel. Then ferrous 
sulfide is mixed in the reactor with residual metals. Following 
completion of sulfide precipitation, filter aid is added while 
the mixture is being filtered through a filter press. As in 
Level 1, the pH is adjusted and the filter effluent is 
discharged until the weekly batch is exhausted. 

Chemicals Used and Handling Precautions 

Caustic soda solution is added manually to each batch until 
the proper pH level is reached. In Level 2, batches of ferrous 
sulfide are prepared by mixing ferrous sulfate and sodium 
bisulfide in a well-ventilated area. Inert filter aid is 
applied as a filter precoat and is added continuously during the 
filtering process. With normal precautions there are no special 
chemical handling problems in the treatment of copper sulfate 
wastes. 

Separation and Removal of Solids 

All solids in both levels are collected as filter cake in 
the filter press. At both levels the dewatered cake containing 
metallic hydroxides, metallic sulfides, and spent filter aid is 
hauled to an off-site chemical landfill. 

Monitoring Requirements 

Alkaline precipitation of the heavy metals is assured by 
bringing the reaction vessel contents to the proper pH, as 
determined by the operator, using field pH equipment. Periodic 
specific analyses of the final effluent for toxic pollutants can 
be made by atomic absorption methods through a commerical 
laboratory. 

21.6 'l!REATMENT COST ESTIMATES 

21.6.1 General Discussion 

To prepare treatment cost estimates, a model plant concept 
was developed. The proposed BPT model treatment consists of: 

A. Collection of waste waters in a batch according to the 
production mode. 

B. Hydroxide treatment to precipitate metals, followed by 
settling and filtration. 
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c. pH adjustment before discharge. 

Production 

Copper' sulfate production ranges from 45 kkg/yr to 9100 
kkg/yr in ten plants for which 308 Questionnaires were 
available. The average of the ten plants is 2100 kkg/yr and the 
median production is 790 kkg/yr. The operational mode for all 
these plants is assumed to be batch and to run 250 days per year. 

For waste water treatment cost estimates, one production 
level was chosen as the model plant. This is the average 
production of 2100 kkg/year. One production level is sufficient 
because the waste waters will be collected in batches and 
treated as necessary when the batch tanks are full. The amount 
of waste water to be treated at any one time is then independent 
of the production rate, although it will determine the frequency 
of treatment. All known plants with production rates below the 
model plant rate have no discharge of waste waters from the 
copper sulfate process. 

Waste Water Flow 

The data on Table 21-4 for plants with a waste water 
discharge shows a unit flow range from 0.52 m3/kkg of CuS04 to 
over 23 m3/kkg of CuS04. One plant flow is for reagent grade 
CuS04 and so cannot be considered a normal waste flow. Only 
Plant #034 has separate treatment for CuS04 waste water, and the 
flow is the median of those normal processes sending waste water 
for treatment. The waste water unit flow used for the model 
plant is 0.94 m3/kkg of CuS04. All the other plants except #034 
have either no discharge of waste water, combine their wastes 
with other process wastes. 

Solid Wastes 

Copper sulfide from filtration is the only solid waste that 
requires disposal. This waste must be disposed of in a chemical 
landfill since the solids may contain other contaminants or 
become oxidized and begin to migrate into the soil or ground 
water. Slimes from the mother liquor and copper sulfate solid 
wastes are all recycled or sent to another facility for precious 
metal recovery. 

Treatment Chemicals 

Caustic soda is required to precipitate metals and for pH 
adjustment. For the model plant, ·the assumed caustic soda 
dosage was 0.33 kg/kkg of copper sulfate. 
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Solids Generated 

Based on sludge production of 5 lbs/day for 250 days/yr in 
the model plant, the annual solids production is 558 kg, 
equivalent to unit solids generation of 0.27 kg/kkg of product. 

21.6.2 Model Plant Cost Estimates 

The cost estimate of the model plant having two levels of 
treatment and one level of production is presented in Table 21-
7. Table 21-8 gives a summary of the unit cost distribution 
between amortization and operation and maintenance cost 
components at two levels of treatment. 

Cost estimates developed for the first level of treatment 
indicate that amortization and labor constitute a major portion 
of the annual costs. At the second level of treatment there is 
insignificant change in the annual costs. 

21.7 BASIS FOR REGULATIONS 

21.7.1 Evaluation of BPT Treatment Practices 

Copper sulfate can be manufactured using pure copper as the 
raw material or an impure copper raw material. Waste loads 
emanating from the two sources differ greatly in that total 
recycle of process wastes can be accomplished at plants using a 
pure copper source, while at plants using an impure raw 
material, waste streams need to be removed to some extent to 
avoid build-up of contaminants in the process. 

Based on the process technology of total recycle at plants 
in this study using pure raw material, the industry practices 
indicate that the degree of waste control attainable is zero 
discharge of process wastes. 

Pollutant Removal with BPT Treatment 

BPT technology for copper sulfate plants utilizing impure 
raw materials is equivalent to Treatment Level 1. Table 21-9 
presents a summary of long term effluent monitoring data for 
Plant 1034 on total suspended solids (TSS) , copper, nickel, 
zinc, arsenic and selenium. Means, standard deviations, and 
variability factors are given where sufficent data are 
available. These performance characteristics are later utilized 
for the development of the proposed regulations. 

Table 21-10 presents the toxic and conventional pollutant 
data for effluent from the two samplings at Plant #034 in the 
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TABLE 21-7. HODEL PLANT TREATMENT COSTS 

SUbcategory: Copper SUlfate 

Production 2,100 metric tons per year{l) 
8. 4 metric tons per day 

Waste water flow 7. 9 cubic meters per day 

(2310 tons per day) (l) 
(9.25 tons per day) 

LEVEL OF TREATMENl' * 
A. INVESTMENI' COST 

Construction •.•••..••.• 
Equip:nent in place, 
including piping, 
fittings, electrical 
work and controls ...••. 
.Monitoring equipment 
in place ..............• 
Engineering design 
and inspection ••.••.••• 
Incidentals, overhead, 
fees, cont:ingencies ..• 
I.al:ld •••••••••••••••••• 

TOI'AL INVESTMENI' COST 

B. OPERATION AND 
MAINTENANCE COST 
Labor and supervision .. 
E:rlergy . •••••••••••••••• 
Cl:leinicals ••••••••••••.• 
Maintenance ...•.......• 
Taxes and insurance •••• 
Residual waste 
disposal •.............. 
Monitoring,_ analysis 
and reporting .••••..••• 

TOI'AL OPERATION AND 
MAINTENANCE COST 

C. AMORI'IZATION OF 
INVESTMENI' COST 

TOI'AL ANNUAL COST 

FIRST 

$9,200 

53,000 

9,000 

14,240 

1,200 

$100,880 

$8,000 
15 

1,000 
9,968 
3,026 

100 

2,500 

$24,609 

$16,217 

$40,826 

{1) Production based on 250 days per year. 

SECOND 

$200 

1,000 

240 

$1,680 

30 
168 

50 

1,250 

$1,498 

$273 

$1,771 

* Firsb level represents the base cost of treatment system. 
other levels represent the incremental cost above base cost. 
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TABLE 21- 8. MODEL PLAN!' TREA'IMENI' COOTS 
- ------------------- --- -=========================================== 

Subcategory COPPER SULFATE 

COST ITEH 

Annual Operation 
and Maintenance 

Annual 
Jlmortization 

Total Cost 

PRODUCTION FLOW 
(kkg/yr) (rri3 /day) 

2,045 8 

2,045 8 

2,045 8 

728 

Annual Treatment Costs ($/kkg) 

LEVEL OF 'IRFA1MENI' 

FIRST SECOOD THIRD FOURTH 

12.03 0.73 Not Applicable 

7.93 0.13 

19.96 0.87 



TABLE 21-9. SUMMARY OF LONG TERM MOOITORING DATA FRCM PLANT #034 (l) 

Pollutant Nl.lll'ber . Iong Tenn w<2> 
of Months Averages 

(mg/1) (kg/kkg) 

Total SUspended 
Solids (TSS) 16 25.0 0.093 2.4 

Copper 16 4.4 0.016 1.6 

Nickel 16 0.36 0.0013 2.2 

Zinc 16 0.12 0.00044 2.4 

Arsenic 16 0.0012 0.0000044 3.4 

Selenium 15 0.0073 0.000027 6.2 

lead 

(1) 

(2) 

16 0.033 0.00012 2.5 

Values are for monthly measurements of the treated effluent combined 
with noncontract cooling water and steam condensate discharges. 

For 30-day average measurements, a normal distribution is obtained 
and the variability factor is fonnd by the expression, VF = 1. 0 +Z (_ S .J 
where X is the ari'l:hnetic mean and s is the arithmetic standard \ x J 
deviation. When the value of Z is 1.64, the variability factor 
is for . 95 percentile wh;ich is used to set the proposed maxinn:Im 30-day 
average effluent limitation. Refer to Section 8.2 for detailed discussion. 
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TABLE 21-10. TREATED EFFLUENT DATA 

SUbcategocy: Copper Sulfate 

Average Daily Pollutant Concentrations and loadings Found During Sampling of 
Plant #034 (1) 

(m:r/1) 

Tone 
(kg/kkg of cuso4 • SH2o> 

~'Is Screening:(2) Verification(3) OVerall Average ( 4) 

Antin'aly 0.036 0.12 0.08 
0.00008 0.00027 0.00018 

Arsenic < 0.02 0.057 0.038 
< 0.00004 0.00013 0.000085 

cadmium 0.001 0.0042 0.0026 
0.000002 0.0000089 0.0000054 

ctu:anium 0.005 0.017 O.Oll 
0.00001 0.000038 0.000024 

CoJ?I?E!r 4.6 1.9 3.3 
0.010 0.0042 0.0072 

Iead 0.005 < 0.031 < 0.018 
0.00001 < 0.000069 0.00004 

Nickel 0.24 0.17 0.20 
0.00053 0.00038 0.00046 

Zinc 0.016 0.02 0.018 
0.000036 0.000044 0.00004 

Selenium 0.10 O.ll 0.10 
0.00022 0.00024 0.00023 

Conventional Pollutant 

TSS 35.0 13.7 24.0 
0.078 0.03 0.054 

(1) The effluent data presented here corresponds to the raw waste 
data shcMn in Table 21-6. The rrethodology of the sampling program 
is described in Section 5 .1. 2, and the scope of sampling in the 
industcy is described in Section 21.3.3 CoPper Sulfate. 

(2) Screening data fran one 72-hour grab canposite sample of treated 
effluent. 

(3) Verification data fran three 24-hour grab canposite samples, averaged. 

(4) Vhen averaging values indicated as "less than" (<),the absolute 
value was used and the resulting average was indicated as a "less 
than" value. 
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same manner as Table 21-6 did for raw waste data. The ability of 
BPT treatment to remove toxic pollutants can be estimated by 
comparing the overall averages from Table 21-6 and 21-10. Thi·s 
comparison is presented in Table 21-11 which also expresses the 
removal efficiency as the calculated average percent removal 
observed at this plant. 

Table 21-11 shows that the treatment efficiency for removal 
of copper, nickel, arsenic, cadmium and zinc is above 99.5 
percent, while removal efficiency for lead and chromium is above 
95 percent and removal for antimony is just slightly over 80 
percent. The toxic pollution concentrations were at or below 
the lower limit of concentration achieved by alkaline 
precipitation with the exception of copper and nickel. These 
toxic metal pollutants comprised the majority of the treatment 
loading which suggests that the optimum conditions for metal 
hydroxide formation were not being attained at the time of 
sampling. The thirteenfold increase in selenium concentrations 
is the treated effluent should be noted. This phenomenon was 
observed in previous studies at this and other plants. The 
observed concentrations appear to remain at the lowest 
achievable concentration for alkaline precipitation. The source 
is presently unknown, but it is suggested, that the selenium may 
be introduced in the treatment chemicals. 

Treatment system performance data was unavailable for other 
facilities generating a waste discharge because they combine 
their wastes with other process wastes for treatment. 

21.7.2 Basis for Proposed BPT Eff1uent Limitations 

The BPT regulations for the Copper Sulfate Subcategory were 
promulgated in 40 CFR 415.363 (see Table 21-2). The technology 
basis for the existing BPT is equivalent to alkaline 
precipitation plus filtration ancl final pH adjustment before 
discharge. Of the 16 P,lants in this subcategory, fifteen are 
direct dischargers, one is an indirect discharger. All direct 
dischargers have BPT technology installed. 

In the original BPT regulations, the Agency had different 
limitations for pure and impure raw materials processes. The 
Agency is eliminating this distinction for BPT and is not 
proposing different limits for these processes in the proposed 
BAT, NSPS, PSES and PSNS regulations. This is because both 
processes are adequately covered by one regulation and only the 
impure raw material process needs to be regulated. Pure raw 
material producers will continue their no discharge practice. 
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TABLE 21-11. AVERAGE POLLUI'.ANT LEVELS AND REMOVAL EFFICIENCY FOR PLANT #0 34 

Subcategory: Copper Sulfate 

Waste Water Flow= 1.25 m3/kkg 

Pollutant Raw Waste Treated Effluent * Percent 
(mg/1) (kg/kkg) (mg/1) (kg/kkg) Removal 

TSS 410 0.92 24.0 0.054 94 

Copper 2000 4.5 3.3 0.0072 99 + 

Nickel 102 0.23 0.20 0.00046 99 + 

Ant:i.nony 0.44 0.00095 0.08 0.00018 81.6 

Arsenic 24.0 0.052 0.038 0.000085 99 + 

Cadmium 1.2 0.0027 0.0026 0.0000054 99 + 

Chrc:mi.um 0.25 0.00055 0.011 0.000024 96 

lead 0.48 0.0011 < 0.018 0.00004 96 

Selenium < 0.008 0.000018 0.10 0.00023 Effluent 
>Influent 

Z:i.nc 12.0 0.026 0.018 0.00004 99 + 

* Before carbining with noncontact cooling and steam condensate streams. 
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21.7.3 Basis for Proposed BCT Effluent Limitations 

BCT was set equal to BPT because treatment technology for 
BPT is the same as technology for BAT. This regulation is 
applicable only to total suspended solids (TSS). 

21.7.4 Basis for Proposed!!! Effluent Limitations 

Technology Basis 

For BAT, the Agency is proposing limitations based on BPT 
technology. However, the Agency has found that the actual 
performance of the treatment technology is not the same as 
indicated in the original BPT study. Consequently, the proposed 
limitations are taken from this new study. 

The data from the current study was collected when the 
filter in the treatment system was not operating properly. 
Thus, the basis for the BAT limitations is published 
treatability data. The Agency is examining the performance of 
this technology by means of treatability studies, the results of 
which will be available before the regulation is promulgated. 
The Agency considered control treatment Level 2 (sulfide 
precipitation), but rejected this treatment because it removes 
only a small additional amount of toxic metals and is not cost 
effective. Therefore Level 1 was also established as the BAT 
treatment level; BPT and BAT treatment technology are the same. 

-Flow Basis 

The model plant BPT treatment system is based on an inflow 
rate of 0.94 m3/kkg. This is derived from the average flow of 
Plant #034, and was the median of plants with a waste water 
discharge from industrial grade CuS04 manufacturing processes. 
Other plants with waste water discharges combine their waste 
with other processes for treatment. All other plants either 
produce reagent grade product, have no treatment, or have no 
discharge. 

Selection Basis for Pollutants to be Regulated 

The selection of pollutants for which numerical effluent 
limitations are proposed was based on an evaluation of raw waste 
data from the screening and verification sampling program. The 
two major factors considered were: 1) individual raw waste 
concentrations, and 2) the total subcategory raw waste loadings. 

Raw waste pollutant concentrations - A tabular summary of 
maximum raw waste concentrations found in sampling is presented 
in Section 21.3. 3. Data from screening sampling was used to 
determine the need for verification sampling. The maximum 
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concentrations found during both screening and verification are 
shown for comparison. As previously discussed selenium was not 
found in the raw waste although it was present in the effluent. 
For each pollutant, the maximum concentration observed gave a 
preliminary indication of its potential significance in the 
subcategory. On this basis, the preliminary selection of 
candidates for regulation include copper, nickel, zinc, arsenic, 
cadmium, antimony, 1-1-1, trichloroethane and lead in decreasing 
order of their apparent pollution potential. These pollutants 
were observed at least once during screening at concentrations 
considered treatable in the industry using one of the available 
treatment technology options. The source of trichloroethane is 
known to be ground water contamination. It is not process 
related, and was not considered for verification. In 
verification, the same metals found during screening appeared 
along with the addition of chromium. The other metals found 
exhibited maximum concentrations that were considerably lower 
than those treatable by available technologies. 

Total subcategory raw waste pollutant loadings - Pollutant 
raw waste loading data were used to evaluate the overall 
magnitude of the pollution potential for the subcategory. Data 
from the plant sampled are summarized in Table 21-6. '!'his 
information, coupled with the estimated total copper sulfate 
production rate of 27,300 kkg/year, yielded the approximate 
total annual pollutant loading rates for the subcategory shown 
in Section 21.3.3. This method of ranking the pollution 
potential of the observed toxic metals confirms the dominance of 
the eight toxic metals and ranks them as copper, nickel, 
arsenic, zinc, cadmium, lead, antimony and chromium in terms of 
both total mass loading and treatable raw waste concentrations. 
The existing interim final BPT regulations included selenium 
limitations, although selenium was not found to be a significant 
pollutant in raw wastes at Plant #034. However, its continued 
presence in the effluent from alkaline treatment in significant 
concentrations indicates that selenium will continue to be 
included in the pollutants to be regulated. 

Basis of Pollutant Limitations 

Toxic Pollutants - The effluent limitations proposed for 
the selected toxic pollutants are derived primarily from 
literature based treatability estimates (Section 8.1). This is 
necessary because plant performance data from long-term 
monitoring (Table 21-9) and screening and verification sampling 
(Table 21-10) do not reflect optimum operation of a BPT system 
for removal of copper and nickel. 

A. Copper: In Table 8-11, BPT technology shows an 
effluent quality range of 0.10 to 0.70 mg/1. The average of 
this range (0.40 mg/1) was used as the performance average to 
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allow for variations in pH. This is supported by Table 8-3 as 
the effluent quality achieved using normal doses of lime (41). 
The concentration of 0.40 mg/1 was used as the basis to 
calculate the maximum 30-day average effluent limitation of 
0.00038 kg/kkge This was calculated as follows: 

(0.40 mg/1) (0.94 m3/kkg)( kg/m3 \= 0.00038 kg/kkg 
\IOOO mg/i) 

Since complete long-term monitoring data on copper is 
unavailable for the copper sulfate industry, the variability 
factor of 1.9 was selected on the basis- of copper monitoring 
data from the treatment of waste from the titanium dioxide
chloride process manufacturing at Plant #172. These are 
presented in Tables A-8b and A-8d in Appendix A. This is 
justififed by the similarity in chemistry and BPT technology. 
Thus, the variability factor ratio is: 

VFR = VF of daily measurement = 5.20 = 1.9 
VF of 30-day averages 2.74 

and the daily maximum limitation for copper is: 

(1.9) (0.00038 kg/kkg) = 0.00072 kg/kkg 

The proposed effluent limitations on copper, and the other 
toxic pollutants of concern are given in Table 21-12. 

B. Nickel: The verification sampling data shows an 
average level of 0.17 mg/1 in treated waste waters. The 
literature treatability data indicate that a concentration of 
0.10 mg/1 is acheivable with a properly operating filter. Thus 
0.10 mg/1 is used as the concentration basis for the proposed 
maximum 30-day average effluent limitation of 0.000094 kg/kkg. 
A VFR of 1.9 was used following the same rational as copper. 
Thus, the proposed maximum 30-day average limitation is: 

(0.10 mg/1) (0.94 m3/kkg)f. kg/m3 \ = 0.000094 kg/kkg 
\iOOO mg/j} 

and the daily maximum limitation is: 

(1.9) (0.000094 kg/kkg) = 0.00018 kg/kkg 

C. Selenium: Long term monitoring and sampling data 
indicate effluent quality either at or below the lower limit of 
estimated treatability according to literature data. For this 
reason, the lowest acheivable concentration of 0.1 mg/1 is 
selected as the concentration basis for the proposed maximum 30-
day average effluent limitation which is: 

(0.10 mg/1) (0.94 m3/kkgY_ kg/m3 \= 0.000094 kg/kg 
\fOOO mg/J} 
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TABLE 2l-12. PROPOSED Lll.fl:'I'ATIONS 
Copper Sulfate 

Best Available Technolggy ( 3) 
Waste Water Flow: 0. 94 m3/kkg 

Concentration Basis Effluent Limit 

Pollutant Treatability (l) V.FR(2) mg/1 kWkk-9: 
3~y 24-hr 

:Max (mg/1) 30-day 
Avg. :Max Avg 

Copper 0.10 1.9 0.40 0.76 0.00038 

Nickel 0.15 1.9 0.10 0.19 0.000094 

Arsenic 0.50 1.9 0.50 0.95 0.00047 

Selenium 0.10 1.9 0.10 0.19 0.000094 

Cadmium 0.050 1.9 0.050 0.095 0.000047 

Zinc 0.40 1.9 0.40 0.76 0.00038 

Chranium 0.050 1.9 0.050 0.095 0.000047 

Lead 0.050 1.9 0.050 0.095 0.000047 

Ant:irrony 0.40 1.9 0.40 0.76 0.00038 

(1) - The lower limit of the literature treatability estimate 
(Table 8-11) is used as the basis for the 30-day average 
limitation. 

24-hr 
:Max 

0.00072 

0.00018 

0.00089 

0.00018 

0.000089 

0.00072 

0.000089 

0.000089 

0.00072 

(2) - VFR: ratio of the 24-hour variability factor to the 3,0'-day 
varia?ility factor. 

(3) - Also proposed for NSPS, PSES, and PSNS regulations. 
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A VFR of 1. 9 was used following the same rationale as 
copper. Thus the daily maximum effluent limitation is:· 

(1.9) (0.000094 kg/kkg) = 0.00018 kg/kkg 

D. Arsenic: The concentration basis for the proposed 
maximum 30-·day average effluent limitation on arsenic was set at 
0.5 mg/1 in accordance with literature treatability data. The 
observed effluent concentrations were below those acheivable 
using BPT technology. For this reason, the lower limit of the 
treatability range in Table 8-11 is used as the concentration 
basis. A VFR of 1. 9 was used following the same rationale 
described for copper. Thus, for arsenic, the proposed maximum 
30-day average limitation is: 

(0.50 mg/1) (0.94 m3/kkg)(. kg/m3 \ = 0.00047 kg/kkg 
\.1000 mg/i} 

and the daily maximum is: 

(1.9) (0.00047 kg/kkg) = 0.00089 kg/kkg 

E. Cadmium: The concentration basis for the proposed 
maximum 30-day average effluent limitations on cadmium was set 
at 0.05 mg/1 using the same rationale described for arsenic. A 
VFR of 1.9 was used following the same rationale described for 
copper. Thus, for cadmium, the proposed maximum 30-day average 
limitation is: 

(0.050 mg/1) (0.94 m3/kkg)( kg/m3 \= 0.000047 kg/kkg 
1000 mg/i) 

and the daily maximum is: 

(1.9) (0.00047 kg/kkg) = 0.00089 kg/kkg 

F. zinc: A concentra·tion of 0. 40 mg/.1 is the basis for the 
proposed maximum 30-day average effluent limitations on zinc 
following the same rationale described for arsenic. A VFR of 
1.9 was used following the same rationale described for copper. 
Thus, for zinc, the proposed maximum 30-day average limitation 
is, 

(0.40 mg/1)(0.94 m3/kkg)( kg/m3 \= 0.00038 kg/kkg 
\..1000 mg/.!J 

and the daily maximum limitation is: 

(1.9) (0.00038 kg/kkg) = 0.00072 kg/kkg 

G. Chromium: A concentration of 0.050 mg/1 is the basis 
for the proposed maximum 30-day average effluent limitations on 
chromium following the same rationale described for arsenic. A 
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VFR of 1.9 was used following the same rationale described for 
copper. Thus, for chromium, the proposed maximum 30-day average 
limitation is: 

( 0. 050 mg/1) ( 0. 94 m3/kkg) (_ kg/m3 :\ = 0. 00004 7 kg/kkg 
\IOO mg/J) 

and the daily maximum is: 

(1.9) (0.000047 kg/kkg) = 0.000089 kg/kkg 

H. Lead: The concentration basis for the proposed maximum 
30-day average effluent limitations on lead was set at 0. 050 
mg/1 following the same rationale described for arsenic. A VFR 
of 1. 9 was used following the same rationale described for 
copper. Thus, for lead, the proposed maximum 30-day average 
limitation is: 

(0.050 mg/1) (0.94 m3/kkg) ( kg/m3 _'\= 0.000047 kg/kkg 
\.1000 mg/y 

and the daily maximum limitation is: 

(1.9) (0.000047 kg/kkg)( kg/m3 \= 0.000089 kg/kkg 
1000 mg/i) 

I. Antimony: The concentration basis for the proposed 
maximum 30-day average effluent limitations on antimony was set 
at 0.40 mg/1 following the same rationale described for arsenic. 
A VFR of 1.9 was used following the same rationale described for 
copper. Thus, for antimony, the proposed maximum 30-day average 
limitation is: 

(0.40 mg/1) (0.94 m3/kkg)( kg/m3 )= 0.00038 kg/kkg 
1000 mg/1 

and the daily maxim~m limitation is: 

(1.9) (0.00038 kg/kkg) = 0.00072 kg/kkg 

Table 21-13 presents estimated achievable effluent 
limitation through implementation of the Level 2 technology • 
The concentration basis for Level 2 concentrations is the lower 
limit acheivable based on the literature treatability data in 
Table 8-11. The VFR is based on data from similar treatment 
performance. 

21.7.5 Basis for Proposed New Source Performance Standards 

The Agency is proposing New Source Performance Standards 
(NSPS) based on treatment technology equivalent to BPT/BAT for 
the Copper Sulfate Subcategory. The conventional pollutant 
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Pollutant 

TABLE 21-13. PERFORMANCE OF ALTERNATIVE TECHNOI.DGY 
Copper Sulfate 

Level of Treatment: 2 
Waste Water Flow: 0.94 m3jkkg 

Treatability(l) 
(mg/1) 

Concentration Basis 
VFR(2) mg/1 

3~&y 24-hr 
Avg Nax 

Toxic Pollutants 

Copper 0.05 2.0 0.05 0.1 

Nickel 0.1 2.0 0.1 0.2 

Arsenic 0.05 2.0 0.05 0.1 

Selenium 0.1 2.0 0.1 0.2 

cadmium 0.01 2.0 0.01 0.02 

Zinc 0.2 2.0 0.2 0.4 

Chromium 0.05 2.0 0.05 0.1 

Lead 0.1 2.0 0.1 0.2 

Ant:inony 0.4 2.0 0.4 0.8 

(1) - The lower limit of the literature treatability estimate 
(Table 8-11) is used as the basis for the 30-day average 
limitation. 

(2) - VFR: ratio of the 24-hour variability factor to the 
3~-day average variability factor. 
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parameters to be limited are pH and TSS as shown for the 
existing BPT (BPCTCA) regulations in Table 21-2. The toxic 
pollutant parameters to be regulated are those identified in the 
development of the proposed BAT regulations as shown in Table 
21-12 and the specific numerical limitations proposed for NSPS 
are identical to those indicated for BAT. 

21.7.6 Basis for Proposed Pretreatment Standards 

There is an existing PSES regulation, 40 CFR 415.364, which 
is based on BPT. The Agency is proposing to amend that section 
in these regulations based on setting PSES equal to proposed BAT 
and is also proposing PSNS regulations be equal to BAT. 

, 
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SECTION 22 

NICKEL SULFATE INDUSTRY 

22.1 INDUSTRIAL PROFILE 

22.1.1 General Description 

Most of the nickel sulfate produced is sold in the merchant 
market. The major use of nickel sulfate is in the metal plating 
industry, but is also used in the dyeing and printing of 
fabrics, and for producing a patina on zinc and brass. 

The industry profile data summary is given in Table 22-1, 
while the status of regulations is summarized in Table 22-2. 

22.1.2 General Process Description and Raw Materials 

Nickel sulfate is produced by reacting various forms of 
nickel with sulfuric acid. The general reaction is: 

NiO + H2S04 = NiS04 + H20 (1) 

Two different raw materials are used to produce nickel 
sulfate. Pure nickel or nickel oxide powder may be used as a 
pure material source, while spent nickel catalysts, nickel 
plating solutions or residues are impure sources. 

The nickel sulfate produced when pure raw materials are 
used is filtered and sold or processed further. This is done by 
heating the solution to 300°C in a crystallizer to produce a 
solid nickel sulfate product. This must be classified, dried, 
and screened before it is ready for sale. 

The use of impure raw materials produces a nickel sulfate 
solution which must be treated sequentially with oxidizers, 
lime, and sulfides to precipitate impurities which are then 
removed by filtration. The nickel sulfate solution can be sold 
or it may be crystallized, and the crystals classified, dried, 
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TABLE 22-1. SUBCATEGORY PROFIIE DATA SUMMARY 

SUOCATEGORY NICKEL SULFATE 

Total sul:category cap:tcity rate (1) 

Total sul:x::ategory production rate (1) 

Number of plants in this sulxategory (2) 

308 Data on file for 

With total cap:tcity of 

With total production of 

Representing cap:tcity 

Representing production 

Plant production range: 

Minimum 

.Max:imum 

Average production 

Medium produ::tion 

Average cap:tcity utilization 

Plant age range: 

Min:imum 

.t-1axirnun 

Waste water flow range: 

l-tinimum 

Maximum 

Volume per unit product: 

Min:imum 

Maximum 

Indeterminant 

6,350 

11 

6 

17,700 kkg/year 

12, 650 kkg/year 

NA 

NA 

NA 

45 kkg/year 

5, 900 kkg/year 

2, 100 kkg/year 

1, 600 kkg/year 

71.5 

3 

48 

1. 5 cubic meters/day 

17. 0 cubic meters/day 

0.42 cubic meters/kkg 

0. 72 cubic meters/Jr.kg 

(1) = "Econc:mic Analysis of ProiX>sed Revised Effluent Guidelin~s and 
standards for the Inorganic Chemicals Industry," March, 1980. 

( 2) = Sources of data are Stanford Research Institute, Directory of Chemical 
Producers, u.s.A., 1977 

NA = Not Availc!ble 
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TABLE 122-2. STATUS OF REX:;OIATICNS - EFFLUEN'l' LJ:MIT.M'ICN GUIDELINES 

St.Jl3CATEG.)RY Nickel SUlfate 

SUBPAR!' AU (40 CPR 415.470, 5/22/75) 

STANDARDS 

BECTCA BM'EA NSPS 
Max.1 2 

Max. Avg. Max. Avg. Avg. 
Product Para- kg/kkg kg/kkg kg/kkg kg/kkg kg/kkg kg/kkg 
Process meters (rng/1) (m;/1) (m;/1) (m;/1) (mg/1) (mg/1) 

Pure 
No disc}¥u:ge No discharge No "discharge Raw Ni 

Materials of pwwp 3 of pwwp of pwwp 

TSS No discharge No discharge No discharge 
of pwwp of pwwp of pwwp 

Impure 
0.006 0.002 Raw Ni 

Materials 

TSS 0.096 0.032 

k. = Maximlm of any one day. 
2
Avg. = Average of daily values for thirty consecutive days • 

3 pwwp = Pl:ocess wastewater pollutants. 
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and screened to produce solid nickel sulfate for sale. Figure 
22-1 shows a general process flow diagram for the manufacture of 
nickel sulfate. 

22.2 WATER USE AND WASTE SOURCE CHARACTERISTICS 

22.2.1 Water Use 

Noncontact cooling water is used for nickel sulfate 
production in the reactor and crystallizers, and constitutes the 
major water use. Water is used in direct process contact as a 
reaction component which becomes both part of the dry product as 
its water of crystallization, and evaporated to the atmosphere. 
Small amounts of water are used for maintenance purposes, 
washdowns, cleanups, etc., and several plants use water in 
scrubbers for dust control. ·Table 22-3 gives a summary of water 
usage for plants where information was available from 308 
Questionnaires and previous documents. 

22.2.2 Waste Sources 

Noncontact Cooling Water 

Noncontact cooling is the main source of waste water. This 
stream is usually not treated before discharge. 

Direct Process Contact 

Plants which use impure nickel raw materials generate a 
filter sludge which is treated as a solid waste. They also 
generate a small filter backwash waste stream with high impurity 
levels which must be treated before discharge. The filter 
sludges from processes using pure nickel can be recycled back to 
the process. Mother liquor, and waste water streams from dust 
control are also recycled back to the process. 

Maintenance 

Washdowns, cleanups, spills, and pump leaks are periodic 
streams and account for the remaining wastes produced by nickel 
sulfate plants. 

Table 22-3 also shows the unit flow of total waste water 
generated from the nickel sulfate process at each plant where 
this information was available. 
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Figure 22-1. General process flo.v diagram for nickel sulfate manufacture. 
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TAELE 22-3. W!\TER USE IN THE NICKEL SULFATE SUOCATEGORY 

------
water Uses at Plants (rn3/kkg) 

Source #313* #069 #572 

Direct Process 24.8 0.0098 0.35 
Contact 

Noncontact 37.3 1.67 4.98 
Cooling 
W3.ter 

Maintenance 0.278 0.00196 0.896 
Cleaning and 
W3.sh:1owns, 
Pumps, Seals 
and Leaks 

Air Pollution 0.278 0 0.498 
Control 
W3.ste W3.ter: 

W:tste 23.4 (l) .Ol96(l) 20.3(l)* 
W3.ter 
Flow to 
Treatment 

* = Flow data includes uses for other products. 
(1)= Data source: 308 Questionnaires 
(2)= Data source: Plant visits 
NA = Not Available 
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#369 #120 #603* 

0.751 4.01 814 

0.417 13.6 2035 

0.094 Nil Nil 

0.094 1.28 0 

0.42 (2) 0.72(2) NA 



.. 
22.3 DESCRIPTION OF PLANTS VISITED AND SAMPLED 

22.3.1 Screening 

Plant f.369 was visited and process waste water and effluent 
samples were collected and analyzed for conventional and toxic 
pollutants. The process used at Plant f369 is similar to that 
described earlier and utilizes nickel oxide powoer feedstock. 
Mother liquor is recycled back to the reactor. Sources of waste 
water consist of small quanti ties of mother liquor from the 
filter press, washdown water, leaks, and spills. Waste water 
from the process area is collected in a tank and treated as a 
batch by adjusting the pH to about 12.5 using sodium hydroxide. 
The precipitated metal hydroxides are allowed to settle, and the 
supernatant is decanted to another tank, checked for quality, and 
discharged to a POTW. The sludge is hauled away to an approved 
landfill. Figure 22-2 shows a general treatment system flow 
diagram with the location of the sampling points. Table 22-4 
gives data on flow, total suspended solids (TSS), and nic~el and 
copper emissions for the waste streams sampled during scr~ening. 

22.3.2 Verification 

Plants 41572 and fl20 were visited and sampled during the 
verification phase of the program. At Plant f572, pure nickel 
oxide is used as the raw feedstock. The waste water streams 
discharge on a batch basis and are collected together in a fioor ' 
drain. The wastes consist of washdowns, leaks, and air scrubber 
water which are collected in an equalization tank. In·· the 
equalization tank, alkaline wastes from another process are 
mixed in and the pH is raised to 10. Solids are 'allowed t_?, 
settle and the clear supernatant is discharged to a POTW. 

Plant #120 uses nickel oxide powder and impure nickel as 
raw materials. Waste waters from the nickel sulfate process 
emanate from the filter wash, air scrubber, washdowns, and 
leaks, and are sent to the treatment system. The raw wastes are 
mixed with other plant nickel raw wastes prior to treatment. 
This consists of pH adjustment to precipitate nickel and other 
trace metals followed by sand filtration. 

Figures 22-3 and 22-4 show the general treatment system 
flow diagram with the waste streams sampled for Plants ¥572 and 
il20, respectively. Table 22-4 also shows the waste stream flow 
and waste characteristics for both plants. The data for Plant 
¥.572 are presented on a concentration basis only, because a 
representative flow value for the sampling point was 
unavailable. 
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TABLE 22-4. FlOW AND POLLUTANT CONCENTRATION DATA OF THE SAMPLED W?\SI'E 
STREAMS FOR PLANTS PRODUCING NICKEL SULFATE 

SUBCATEGORY NICKEL SULFATE 

Sampled Flow TSS Ni Cu 
Stream Stream (n8M<g) C~) t~ (kgjkkg) No. Description Ni~g4 Ni~g4 N~S0 4 NiSO 

Screenin9: Data {1) Plant #369 

1 Raw untreated waste 0.42 0.093 0.073 0.030 

2 Treated waste 0.42 0.045 0.00058 0.0076 
Verification Data 

Plant #120( 2) 
1 Raw Niso4 waste 0.72 0.031 0.035 0.00016 

2 All Nickel raw 0.72 0.05 0.0089 <0.0000036 
wastes* 

3 Treated effluent* 0.72 0.0031 0.00014 0.000031 

Plant #572 (3) (mg/1) 

1 Scrubber waste 3.2 1100 .04 

(1) = One grab sample of each waste water stream representing a 
camp:>si-!:ed batch sample of that Clay's nickel sulfate production. 

(2) = Average of three 24-hour comp:>site samples of each waste water 
stream. 

(3) = Flow Clata was unavailable. Only waste water quality is presented 
here. 

* = The stream is a cormningled waste water. The flow given is the anount 
contributed by the nickel sulfate plant. 
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22.3.3 Summary of Toxic Pollutant Data 

Seven toxic pollutants were found at oetectable 
concentrations in the raw waste sample from nickel sulfate at 
Plant f.369. Six of these toxic metals were verifieo in the raw 
waste at two other nickel sulfate plants. In addition, two more 
toxic pollutants we~e observed at detectable concentrations in 
the raw waste during verification sampling. No toxic organics 

'were found at detectable concentrations in the raw waste at 
Plant :f: 369. Consequently, organic toxic pollutants were not 
sought in the verification phase. The results were: 

Pollutant 

Nickel 
Copper 
Chromium 
Antimony 
Lead 
Mercury 
Cadmium 
Selenium 
Zinc 

Maximum Concentration Observed 
(llg/1) 

Screening 
Plant :f369 

175,500 
73,300 

1,300 
476 

55 
1 
9 

10 
430 

Verification (2 Plants) 
Plants f572 and fl20 

1,115,000 
355 

20 
18 

120 
10 

160 
14J 
382 

Section 5.1.2 of this report describes the methodology of 
the screening and verification sampling program. In the nickel 
sulfate industry, a total of seven days of sampling were 
conducted at Plants f369, ¥572 and #120. Nine different 
sampling points were involved covering the raw waste source, the 
various raw waste streams, and the treated effluents at these 
plants. The evaluation of toxic metal content of these process
related waste streams was based on 195 analytical data points. 
The screening for toxic organic pollutants at Plant f369 
generated an additional 342 analytical data points. The unit 
loadings were calculated from the reported nickel sulfate 
production rate, the waste stream flow rate measured or 
estimated at the time of sampling, and the measured pollutant 
concentration. 
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That is, 

Unit loading (as kg of pollutant per 
kkg of nickel sulfate) . 

(C) (Q) 
= lOOO(P) 

Where: 

C is the concentration of the pollutant expressed in 
limits of mg/1 (Note: kg/m3 = 1000 mg/1), and 

Q is the waste stream flow rate expressed in units of 
m3/day, (m3, a cubic meter, is equal to 264.2 U.s. 
gallons) and P is the nickel sulfate production rate 
expressed in units of kkg/day (kkg is 1000 kg, a metric 
ton, which is equal to 2205 lbs) . 

The average values 
where the particular 
concentrations. 

are based on data from those plants 
pollutant was found at detectable 

In Table 22-5, the toxic pollutant raw waste data are 
presented as the average daily concentrations and the unit 
loading found at the individual plants, with the exception of 
Plant #572 which presents only the concentrations. The overall 
averages are also shown and are calculated only for Plants f369 
and ¥.120, because they represent total composited waste water 
from the entire NiS04 process, while Plant f572 data are for one 
of several sources. 

Based on the total annual production rate of this 
subcategory (see Table 22-1) and the average waste load 
generated per unit product, the estimated total pollutant raw 
waste loads generated each year for this subcategory are as 
follows: 

Pollutant 

Antimony 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Nickel 
Selenium 
Zinc 

Waste Load (kg/year) 

1.27 
0.22 
0.018 
1.72 

95.2 
0.19 

343 
< 0.17 

0.48 

Mercury is not included in this list as it was found at a 
detectable concentration only in the one stream at Plant f572. 
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TABlE 22-5. TOXIC POLLurANT RAW WASTE DATA 

St.JBCATEOORY: Nickel Sulfate 

Average Daily Pollutant Concentrations and loadings at 
Plants Sampled ( 1) 

(:rrg/1) 
(kkg of Niso 4 • 7H2o) 

Pollutant #369 (S) #120(V) #572( 2) Overall( 3)+ 
Average 

Ant:ilrony 0.48 * 0.018 0.48 
0.00020 0.00020 

Arsenic * 0.049 * 0.049 
0.000035 0.0000035 

Cadmium 0.009 0.0027 0.16 0.0058 
0.0000038 0.0000019 0.0000028 

<lu:ornium 1.3 0.012 * 0.66 
0.00054 0.0000086 0.00027 

Cower 73.3 0.22 0.04 36.8 
0.030 0.00016 0.015 

Lead 0.055 0.052 0.097 0.054 
0.000022 0.000038 0.000030 

Mercury * * 0.01 * 
Nickel 176 49.2 1100 112 

0.073 0.035 0.054 

Selenium < 0.010 0.069 0.009 < 0.04 
< 0.0000041 0.00005 < 0.000027 

Thalliun 0.021 * * 0.021 
0.0000088 0.0000088 

Zinc 0.27 0.055 0.38 0.16 
0.00011 0.00004 0.000075 

(S) - Screening data from one grab c:ornposi te sample of the batch process 
coobined raw waste streams. 

(V) - Verification data from three 24-hour composite samples, averaged, from 
each raw waste sampling point. 

* - Concentration below significant level. 
(1) - The methodology of the sampling program is described in Section 5 .1. 2, 

and Section 22. 3. 3 presents the scope of sampling in the Nickel Sulfate 
industry. 

(2) - Data for Plant #572 is presented in concentration basis only. 
{3) - Average of Plants #369 and #120 only. 
+ - When averaging values indicated as "less than" ( <), the absolute value 

was used and the resulting average was indicated as a "less than" value. 
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This stream is shared with another nickel compound process using 
different source materials. Cross contamination is suspected. 
Since mercury was found below detectable concentrations in all 
other nickel sulfate waste water, using Plant f572 would yield 
an erroneously high average. This would subsequently show an 
unrepresentat1ve yearly waste load in the previous tabl-e. Based 
on the reliable data, mercury is not a pollutant of concern in 
the nickel sulfate industry. 

22.4 PDLLUTION ABATEMENT OPTIONS 

22.4.1 Toxic Pollutants of Concern 

The toxic pollutants present in a nickel sulfate process 
waste water depend upon the purity of the sources and the nature 
of the raw materials being used, which vary with time. 

If impure raw materials are used, most of the heavy metal 
impurities will be removed in the purification process, handled 
and disposed of as solid sludge. These impurities build up in 
the mother liquor and subsequently appear in purges, leaks, and 
washdowns. The toxic metals such as nickel and copper, and to a 
lesser extent antimony, arsenic, cadmium, chromium, lead, 
selenium, and zinc found in the waste waters during sampling 
originate as trace impurities in the raw material source. Pure, 
raw materials do not exhibit the same phenomena in that this 
source is not present and therefore a plant will comply with the 
effluent limitations without operation of a treatment system. 

Waste water quality for an air pollution control scrubber 
at Plant f572 is ~hewn in Table 22-5. However, this source is 
not used to evaluate raw waste data, since it is only one of 
several sources and does not represent a total waste water 
stream. This scrubber also serves in another nickel compound 
manufacturing process alternately with nickel sulfate so it 
cannot be considered totally representative of the process of 
interest. 

No toxic organic pollutants were found in the process
related waste streams ~t significant concentrations. 

22.4.2 Process Modifications and Technology Transfer Options 

Mechanical scrapers should be installed on filters at 
plants which use impure raw materials. This would eliminate the 
backwash and reduce the amount of waste water produced. Solids 
would need to be disposed of in a secure landfi~l. Installation 
of the scrapers would incur only a small capital cost. 
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22.4.3 Best Management Practices 

The best technology for the treatment of waste water from 
processes using pure raw materials is recycle of all process 
waters. To implement this treatment, recycle piping and pumping 
are needed. 

The best technology available where nickel sulfate is 
manufactured from impure plating solutions is caustic soda 
addition to precipitate nickel and other metallic hydroxides, 
followed by sand filtration to remove the suspended solids. 
This requires installing treatment tanks, filters, pH control 
equipment, and related piping and pumps. 

22.4.4 Prevai1ing Contro1 and Treatment Practices 

Plant #369 sends filter leaks and wash water to a 
collection tank. When the batch manufacturing process is 
complete, the collected waste is treated with caustic soda to pH 
12.5. The metals are precipitated as hydroxides, settled, and 
the sludge disposed of at an approved landfill. The supernatant 
is sampled and analyzed before discharge to a POTW. 

Plant #120 waste waters are generated from leaks, 
washdowns, filter wash, and air scrubbers. These are combined 
with other nickel process wastes and treated with caustic soda 
to precipitate trace metals. The waste is then treated by 
filtration followed by pH adjustment prior to final discharge. 

Plant f.572 also combines wastes from the air scrubbers, 
leaks, and washdowns. These waste waters are sent to an 
equalization tank where they are mixed with alkaline wastes to 
raise the pH to 10. After settling, the waste wasters are 
discharged to a POTW. 

Plant ~069, which produces a reagent grade product, sends 
periodic purges and washdown water to a combined collection 
system with waste water from numerous other products. Treatment 
consists of neutralization and equalization of the wastes prior 
to discharge to a POTW. 

Plant f, 313 also combines its waste waters from nickel 
sulfate production with wastes from various other metal 
processes and presently discharges the combined waste after a 
period of settling in a pond. A treatment system is being 
designed which uses lime precipitation at pH 10 followed by 
gravity separation. Centrifugation is to be used to thicken the 
sludge. The clarified waste water·will then be neutralized to 
pH 6.5 - 7.5 and discharged. 
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Plant f603 has no discharge of waste waters from the nickel 
sulfate process. 

22.4.5 Advanced Treatment Technologies 

Alkaline precipitation will remove nickel and most other 
heavy metals from solution, allowing them to be settled and 
filtered in successive steps. Nickel and the common heavy 
metals (except chromium) can also be precipitated as metallic 
sulfides, for later separation by settling and filtration. 
Sulfide precipitation generally yields lower concentrations of 
the metals in the final effluent. 

22.5 SELECTION OF APPROPRIATE TECHNOLOGY AND EQUIPMENT 

22.5.1 Technologies for Different Treatment Levels 

Level 1 

Level J is BPT because. alkaline precipitation with caustic 
soda is generally the treatment practice in place within this 
industry. This technology incorporates a final dual media 
filtration and is operated as a batch process to suit the 
production schedule. The flow diagram is shown in Figure 22-5. 

Level 2 

Alkaline precipitation is supplemented by the addition of 
ferrous sulfide, to precipitate dissolved nickel more 
effectively before the filtration step shown in Level 1. The 
flow diagram is shown in Figure 22-6. 

22.5.2 Equipment for Different Treatment Levels 

Equipment Functions 

Wastes are received in a one-day holoing tank or waste 
water collection sump which is drained each day to a reaction 
vessel. At the end of a normal work week, the contents of the 
reaction vessel are raised to about pH 10, with caustic soda, 
thoroughly mixed, and allowed to settle. The separated liquids 
and semisolids are then filtered and the final effluent is 
adjusted to a pH from 6 to 9 before discharge. In the low and 
midrange production models it is assumed that both the liquid 
and the semisolids in the reaction tank are filtered through a 
high-pressure filter press, and discharged after pH adjustment. 
In the highest production model, which generates 18 m3 per day 
of wastes, semisolids are filtered through a filter press and a 
separate dual media filter is provided for filtering the 
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decanted liquid. In Level 2, the metallic hydroxide sludge is 
drawn off to a sludge holding tank and the clarified supernatant 
in the reaction tank is treated with ferrous sulfide, 
precipitating metallic sulfides. The batch is then filtered 
through a filter press (for low and midrange plants) or through 
both a filter press and a dual-media filter in the larger 
operations. 

Chemicals and Hand1ing 

Caustic soda in solution form is used for alkaline 
precipitation at both levels to form insoluble 
metallic hydroxides. The choice of caustic soda avoids 
precipitating calcium sulfate, as would occur with lime 
application. Caustic soda solution is handled in conventional 
equipment, or is drawn in batches from shipping containers when 
small volumes are needed. In Level 2, ferrous sulfide is 
prepared from ferrous sulfate and sodium bisulfide. No special 
problems arise when these materials are mixed in a well 
ventilated area and applied to the alkaline supernatant in the 
reaction tank. 

Separation and Remova1 of So1ids 

In the low and midrange production models at both levels, 
essentially all solids are collected in a filter press, which is 
cleaned periodically. The dewatered sludge is hauled to a 
chemical landfill. In the larger model plant, backwash from 
cleaning the dual media filter returns to the influent holding 
tank, from which the suspended solids pass via the reaction tank 
to the sludge filter press. 

Monitoring Requirements 

Satisfactory separation of heavy metals can be assured by 
maintaining the proper reaction pH, which can be determined 
manually on each batch, using simple field equipment. For 
reporting purposes, occasional monitoring of nickel in the 
effluent . should be done by atomic absorption 
methods. Monitoring for dissolved sulfide should not be 
necessary, because unreacted ferrous sulfide will oxidize to 
ferric sulfide and settle with the other metallic sulfides. 

22. 6 TREATMENT COST ESTIMATES 

22.6.1 General Discussion 

To prepare treatment cost estimates, a model plant concept 
was developed for both levels of technology as follows: 
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Waste Water Flow 

Table 22-3 shows the waste water discharged to treatment 
for five plants. The unit waste water flow for the two single 
waste source plants ranged from 0. 42 m3/kkg of NiS04 to 0. 72 
m3/kkg of NiS04. For the model plant cost estimates a 
production-weighted average of 0. 68 m3/kkg for the two plants 
was used. This was accomplished by multiplying the unit flow of 
each plant by its daily production, adding the resultant values 
and dividing by the total production of the two plants, which 
results in these values being representative of the different 
production level plants. 

Production 

Nickel sulfate production ranges from 45 kkg/yr to 5,900 
kkg/yr in the plants for which 308 Questionnaires were 
available. The average production for these six plants was 
2,100 kkg/yr, the median was 1,600 kkg/yr. For waste water 
treatment cost estimates, three production levels were selected 
as model plants. These are 900 kkg/yr, 4,000 kkg/yr, and 7,000 
kkg/yr. The mode of operation at ,all nickel sulfate plants is 
the batch process and, for the model plant, is assumed to 
operate for 250 days/year. 

Solid Waste Generation 

Solid wastes are generated from the filtration and settling 
of metals from the nickel sulfate solution. The solids can be 
recycled to the process for reuse when pure raw materials are 
used. If the solids are not recycled they are disposed of in an 
industrial landfill. The quantity of solids generated is 0.39 
kg/kkg of nickel sulfate. 

Treatment Chemicals 

Caustic is required for neutralization to precipitate the 
metals as their hydroxides. Acid is needed for pH adjustment 
before final discharge. For the model plant, these practices 
were estimated to use 0.016 kg/kkg and 0.00010 kg/kkg, 
respectively. 

22.6.2 Model Plant Control Costs 

The cost estimates for three models having different 
production levels are presented in Tables 22-6, 22-7, and 22-8. 
Annual costs as a function of production is shown graphically in 
Figure 22-7, while treatment cost per metric ton of product is 
shown in Figure 22-8. 
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TABLE 22-6. IDIEL Pu.NT TREATMENT a:sTS 

Subca.tegocy NIC!<EL StJ1JFATE 

Production 

waste water flow 

900 metric tons per year 
3.6 metric tons per day 

2.45 et.bic meters per day. 

(992 tons per year) 
( 4 tons per day) 

LEVEL OF TREATMENT* 

Construction ••••••••••••• 
EquiJ:lle11t in place, 
inclu::lin:] pipin;r' 
fittings, electrical 
work and oontrols ••••••••• 
funi torin;r equi:r;:ment 
in place ••••••••••••••••• 
Engineerin;r design 
and inspection ••••••••••• 
Incidentals, overhead, 
fees, oontin;rencies ••••••• 
!and ••••••••.•.••••••••••• 

TOTAL INVESTMmr OJsr 

B. OPERATION AND ~ 
COST 

Labor and supervision ••••• 
~ .................. . 
Clani.ca..ls ••••••••••••••.. 
Maintenance ••••••••••••••• 
Taxes and insurance •••••• 
Residual waste 
disp:lsa.l . •.•..•.••...•.... 
Mcnitorin;r, anal.ysis 
and reportin;r ••••••••••••• 

TO!'AL OPERATICN AND 
MAIN'l'EWINCE OJsr 

C. .AM::>RriZM'IOO OF 
INVES'!Mmr OJsr 

TO!'AL ANNUAL cosr 

FIRST SECOND 

$ 6,000 $ 100 

29,500 900 

9,000 

8,900 200 

8,900 200 
1,800 

$64,100 $1,400 

$ 8,000 
30 

200 30 
6,230 140 
1,923 42 

100 

2,500 1,250 

$18,983 $1,462 

'$10,136 $ 227 

$29,119 $1,689 

* First level represents the base oost of treatment systen. 
Other levels represent the incremental oost above base cost. 
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TABLE 22-7. MODEL PLANT TREA'IMENT COOTS 
============================================================================== 

Subcategory NICKEL SULFATE 

Production 4,000 metric tons per year 
16 metric tons per day 

Waste water flow 10.9 cubic meters per day. 

(4,400 tons per year) 
(17.6 tons per day ) 

LEVEL OF 'IREA'IMENT* 

A. INVES'IMENT COOT 

Construction ••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place .......••.•••. 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
La.nd • ••••••••••••••••• 

TOTAL INVES'IMENT COST 

B. OPERATION AND 
MAINTENANCE COOT 

Labor and supervision. 
Energy •••.•••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal •.......••••.. 
Monitoring, analysis 
and reporting •• o•••••• 

TOTAL OPERATION AND 
MAINTENANCE COST 

C. ,AMORTIZATION OF 
INVES'IMENT COOT 

TOTAL ANNUAL COST 

FIRST 

$8,350 

51,000 

9,000 

13, n70 

13, n70 
1,800 

$97,490 

$8,000 
40 

900 
9,569 
2,924 

100 

2,500 

$24,033 

$15,568 

$39,601 

. - ' 

SECOND 

$100 

900 

200 

200 

$1,400 

75 
140 

42 

1,250 

$1,507 

$227 

$1,734 

*First level represents the base cost of treabment system. 
Other levels represent the incremental cost above base cost. 
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TABLE 22-8 • MODEL PLANT TREA'IMENT COOTS 
====----======================================================================== 

Subcategory NICKEL SULFATE 

Production 

waste water flow 

7,000 metric tons per year 
28 metric tons per day 

19.0 cubic meters per day. 

(7,700 tons per year) 
( 30.8 tons per day ) 

LEVEL OF 'IREA'IMENT* 

A. INVES'IMENT COST 

Construction ••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place ••••.•••.....• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
I..and •• •••••••••••••••• 

TOTAL INVES'IMENT COST 

B. OPERATION AND 
MAINTENANCE COST 

Labor and supervision. 
Energy ••••••..•••..••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal ••..•..••..••• 
Monitoring, analysis 
and reporting ••••••••• 

TOTAL OPERATION AND 
MAINTENANCE COST 

C. AMCRTIZATION OF 
INVES'IMENT COST 

TOTAL MNUAL COST 

FIRST 

812,000 

94,500 

9,000 

23,100 

23,100 
3,000 

$164,700 

$R,OOO 
50 

1,600 
] 6,170 
4,941 

200 

2,500 

$33,461 

$26,308 

$59, 7fi9 

SECOND 

$200 

1,000 

240 

240 

$1,680 

135 
Hi8 
50 

1,250 

$l,60-=l 

$27i 

$1,876 

*First level represents the base cost of treatment system. 
other levels represent the incremental cost above base cost. 
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Figure 22-7. Relationship of annual treabnent cost to production for the 
nickel sulfate subcategory. 
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Figure 22-8. Relationship of annual unit treai:Irent rost to production for 
the nickel sulfate subcategory. 
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Table 22-9 gives a summary of the unit cost distribution 
between amortization and operation and maintenance cost 
components at various production rates and levels of treatment. 

Cost estimates developed for the first level of treatment 
indicate that at low production levels, labor cost has a 
significant impact on the total annual costs. At a meaium 
production level, amortization, operation, and maintenance 
costs are the important factors in the annual costs. At a high 
production level, amortization cost is the significant factor in 
the annual costs. At the secona level of treatment, there is no 
significant change in the annual cost, with production. 

22.7 BASIS FOR REGULATIONS 

22.7.1 Evaluation of BPT Treatment Practices 

Nickel sulfate can be manufactured using pure nickel as the 
raw material or an impure nickel raw material. Waste loaas 
emanating from the two sources differ in that total recycle of 
process wastes can be accomplished at plants using a pure nickel 
source, while at plants using an impure raw material, waste 
streams need to be purged periodically to avoid build-up of 
contaminants in the process. 

Po11utant Remova1 with BPT Treatment 

BPT technology for nickel sulfate plants utilizing impure 
raw materials is equivalent to treatment Level 1. Table 22-10 
presents the toxic pollutant treated effluent data for both 
Plants f369 and f.l20 in a similar manner as Table 22-5 presented 
the raw waste data. In evaluating BPT treatment the data from 
Plant #120 was used, rather than Plant f369, or overall average 
data. This is because the treatment at Plant fl20 represents a 
typical BPT system, while Plant ¥369 has no filtration before 
discharge to a POTW. Long-term effluent monitoring data for 
Plant ¥.120 can be found in Tables A-15a through A-15d. The data 
is for nickel only and is presented in concentration and daily 
loading units for both daily and monthly measurements. 

In comparing raw waste and effluent data (Tables 22-4, 
22-5, and 22-10), BPT treatment gave a suspended solids removal 
of over 93 percent, while the toxic metals nickel and copper had 
over 98 percent removal. All of the toxic pollutant 
concentrations were below the lower limit of treatability-based 
achievable concentration (Table 8-11) utilizing BPT technology 
with the exception of nickel, which .is in the range of 
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TABLE 22-9. MODEL PLAN!' TREA'IMENT COOTS 
-== --- - -- - -=====--======================================== 

Subcategory NICKEL SULFATE 

OJST ITEM PRODUCTION FLOW 
(kkg/yr) (m3/day) 

Annual Treatment Costs ($/kkg) 

LEVEL OF 'IREA'IMENT 

FIRST SECCND THIRD FOURTH 

·-------------------------------------------------------

Annual Operation 
and Maintenance 900 4.3 21.09 1.62 Not Applicable 

4,000 19.2 6.01 0.38 
7,000 33.6 4.78 o. 23 

Annual 
hnorti za tion 900 4.3 11.26 0.25 

4,000 19.'2 3.89 0.06 
7,000 33.6 3. 76 0.04 

Total Cost 900 4.3 32.35 1.88 
4,000 19.2 9.90 0.43 
7,000 33.6 8.54 o. 27 _________ ,...._ _______________________________________ 

768 



TABLE 22-10. TOXIC POI.J..DrANT TREATED EFFLUENT DATA 

St.BCATEGORY: Nickel Sulfate 

Average Daily Pollutant Concentrations and Loadings at Plants Sa:rqpled (1) 

(~1) 
(kkg of N1S04 • ?H2o) 

Overall (2) Pollutant #369 (S) #120 (V) 
Average 

Antirrony 0.2 * 0.2 
0.000083 0.000083 

Arsenic 0.26 <0.010 < 0.13 
0.00011 <0.0000072 < 0.000059 

cadmium < 0.001 0.00013 < 0.00056 
< 0.00000042 0.000000094 < 0.00000026 

Chromium 0.45 0.057 0.25 
0.00019 0.000041 0.00012 

Copper 18.0 <0.043 9.02 
0.0075 <0 .000031 < 0.0038 

Lead 0.001 0.003 0.002 
0.00000042 0.0000022 0.0000013 

Nickel 1.4 0.20 0.8 
0.00058 0.00014 0.00036 

Selenium 0.012 <0.008 0.01 
0.000005 <0.0000058 0.0000054 

Thallium 0.029 0.00033 0.015 
0.000012 0.00000024 0.0000061 

Zinc 0.17 0.058 0.11 
0.000071 0.000042 0.000056 

(S) - Screening data from one grab composite sample of treated effluent. 
(V) - Verification data from three 24-hour composite samples, averaged. 
(1) - The effluent data presented here corresp::mds to the raw waste data shown 

in Table 12.:..5 excluding Plant #572. The methodology of the sa:rqpling pro
gram is described 1n Section 5 .1. 2, and the scope of sa:rqpling in the 
NickeL Sulfate industry is described in Section 22. 3. 3. 

(2) - When averaging values indiciated as "less than" ( <) , the absolute value 
was used and the resulting average was indicated as a "less than" value. 

* - Concentration below significant level. 
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achievable concentrations. Many of the toxic metals from the 
effluent of Plant f369 were below BPT based achievable levels, 
with only hydroxide precipitation and settling. 

22.7.2 Basis for Proposed BPT Effluent Limitations 

BPT regu~ations for the nickel subcategory are presently in 
effect, 40 CFR 415.472 (See Table 22-2). The technology basis 
for the existing BPT is alkaline precipitation plus dual media 
filtration and final pH adjustment before discharge. Most 
direct dischargers in this subcategory have installed BPT 
technology or equivalent. 

In the existing BPT regulations, EPA has different 
limitations for pure and impure raw materials processes. EPA is 
not proposing different limits for these processes in the 
proposed BPT, BAT, NSPS, PSES, and PSNS regulations. This is 
because both processes are adequately covered by the one 
regulation since the pure raw materials process will comply 
without end of the pipe treatment. Only nickel and TSS are 
regulated in the proposed BPT because these are the only two 
parameters limited in the existing BPT regulation. 

22.7.3 Basis for Proposed BCT Effluent Limitations 

BCT was set equal to BAT because the addition of more 
treatment technology to remove conventional pollutants failed to 
pass the cost test. 

22.7.4 Basis for Proposed BAT Effluent Limitations 

Technology Basis 

For BAT, the Agency is proposing limitations based on BPT 
technology which is alkaline precipitation followed by dual 
media filtration. The Agency considered treatment Level 2 
(sulfide precipitation), but rejected it because the treatment 
removed only small additional amounts of toxic metals in this 
subcategory:· 

Flow Basis 

The model plant BAT treatment system is based on an inflow 
rate of 0. 68 m3/kkg for effluent limitation purposes. The 
rationale for the flow is the same as that used for the model 
plant basis for cost estimating as described in Section 22.6.1. 

Selection Basis for Pollutants to be Regulated 

The selection of pollutants for which numerical effluent 
limitations are proposed was based on an evaluation of raw waste 
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data from the screening and verification sampling program. The 
two major factors considered were: l) individual sampling raw 
waste concentrations, and 2) the total subcategory raw waste 
loadings. 

Raw waste pollutant concentrations - A tabular summary of 
maximum raw waste concentrations found in sampling is presented 
in Section 22.3. 3. Data from the plant sampled in screening 
were used to determine the need for verification sampling. The 
maximum concentration found during both screening and 
verification are shown for comparison. For each pollutant, the 
maximum concentration observed gave a preliminary indication of 
its potential significance in the subcategory. On this basis, 
the preliminary selection of nickel, copper, chromium, and to a 
lesser extent, lead, antimony, and zinc are included as 
candidates for regulation. These pollutants were observed at 
least once during screening at concentrations considered 
treatable in this industry using one of the available treatment 
technology options. The other toxic metals (mercury, cadmium, 
and selenium) were found to have maximum concentrations that 
were lower than the minimum levels achievable by treatment. 

Total subcategory ~ waste pollutant loadings - Pollutant 
raw waste loading data were used to evaluate the overall 
magnitude of the pollution potential. Data from the plants 
sampled are summarized in ~able 22-5. This information, coupled 
with the estimated total nickel sulfate production rate of 6,350 
kkg/year found in Table 22-1, yielded the approximate total 
annual pollutant loading rates for the subcategory shown in 
Section 22.3.3. This method of ranking the pollution potential 
of the observed toxic metals confirms the maximum concentration
based ranking and indicated that nickel, copper, chromium, 
antimony, zinc, and lead were the six dominant toxic metals in 
terms of both total mass loading and treatable raw waste 
concentrations. 

Basis of Pollutant Limitations 

Conventional parameters - For pH the treated effluent is to 
be controlled within the range of 6.0 to 9.0. This limitation 
is based on the data presented in Appendix B of this report and 
the JRB Study (52). 

Toxic pollutants - The effluent limitations proposed for 
the selected toxic pollutant control parameters are derived 
primarily from literature based treatability estimates ~Section 
8.1). This is because plant performance data from sampling at 
Plant fl20 (Table 22-10) show effluent concentrations below the 
lower limit of treatability estimates for all of the toxic 
metals except nickel. For nickel, the basis of the effluent 
limitation is the effluent from Plant #120 shown in Table 22-10 • . 
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The average values for each pollutant found in sampling are 
interpreted as being approximately equal to a maximum 30-day 
average unless there is some reason to believe that ·some 
abnormal conditions existed either in the process operation or 
in the treatment system at the time of sampling. Abnormal 
conditions. would d1ctate that high values should be either 
excluded, or regarded as daily maxima rather than monthly 
averages. For this subcategory, verification data at Plant f.l20 
are believed to represent normal influent and effluent values. 

Effluent quality achievable through implementation of BPT 
technology is presented in Table 22-11. The concentration basis 
for the proposed BAT limitations is derived from the lowest 
applicable treatability level from Table 8-11 for all pollutants 
except nickel. The concentration basis for nickel is based on 
achievement at Plant 4H20. This approach results in the setting 
of achievable limitations for all of the pollutants concerned 
and provides for the possibility of wider variations in the 
influent quality. Such variations may be associated with 
different nickel or nickel solution impurity levels or other 
process variables not fully taken into account by the limited 
data obtained. 

The basis for the proposed BAT limitations on each of the 
selected metals is given below. 

A. Nickel: From Table 22-10, Plant fl20 shows an effluent 
quality of 0.20 mg/1, which is within the treatability range of 
0.1-0.5 mg/1. This concentration of 0.20 mg/1 is used as the 
concentration basis to calculate the proposed maximum 30-day 
average effluent limitation of 0.00014 kg/kkg. This was 
calculated as follows: 

(0.20 mg/1) (0.68 m3/kkg)( kg/m3 ) = 
1000 mg/1 

0.00014 kg/kkg 

The variability factor ratio of daily maximum limits to 
limits for average of daily values for 30 consecutive days (VFR) 
was set at 3.0 based on variability analysis of long-term data 
on nickel from Plant fl20. The statistical analysis of the data 
indicates a ratio closer to 4.0 but this ·is excessive 
variability for the treatment technology used. The higher ratio 
is the result of wide variations in the daily measurements when 
operational problems were experienced at the plant. The data is 
presented in Tables A-15a through A-15d in Appendix A. 

Therefore, the daily maximum limitation for nickel is, 

(3.0) (0.00014 kg/kkg) = 0.00042 kg/kkg 
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TABLE 22-11. ProPOSED EFFLUENT LIMITATIONS 
Nickel Sulfate 

Best Available Technoloty 
Waste Water Flow: 0. 68 rn3/kkg of NiSO 4 

Concentration Basis Effluent Limit 
(ng/1) (kg/kk9: Of NiSO 4) 

Subcatego:ry 
VFR(l) 

Max Max 
Pollutant Performance 30-day 24-hr 30-day 24-hr 

(ng/1) Avg Max Avg Max 

Antim:my ( 5) o. 4 (2) 3.0 0.4 1.2 0.00027 0.00081 

cadmium 0.05(2} 3.0 0.05 0.15 
(4) (4} 

Chromium ( 5) 0.05( 2) 3.0 0.05 0.15 0.000034 0.00010 

Copper(5) 0. 4 (2) 3.0 0.4 1.2 0.00027 0.00081 

Lead(5) 0.05(2) 3.0 0.05 0.15 0.000034 0.00010 

Nickel (5) 0. 2 ( 3) 3.0 0.2 0.6 0.00014 0.00042 

Selenium 0.1 (2) 3.0 0.1 0.3 
(4) (4) 

Zinc (5) 0.4 (2) 3.0 0.4 1.2 0.00027 0.00081 

(1) VFR: ratio of the 24-hour variability factor to the 30-day variability 
factor. ) 

( 2) The lower lirni t of the literature treatability estimate (Table 8-11) is 
used as the basis for the 30-day average lirni tation when the observed 
average of the sarrpling data is below this level. 

(3) Average effluent concentration from screening and verification sampling 
data. 

(4) No effluent limitation proposed. 

(5) Also applicable to NSPS. 
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These values are considerably lower than the BPT limits 
presented in Table 22-2. This is because the information on 
treatment system performance based on information collected to 
support this regulation showed better performance than that 
expected when the existing BPT regulation was developed. 

B. Copper: Because the effluent concentration of copper 
was observed at Plant #120 below the treatability estimates, the 
lower limit of 0.40 mg/1 was chosen as the concentration basis 
for the proposed maximum 30-day average effluent limitation for 
copper. A VFR of 3.0 was also used based on the similarity of 
the chemistry of nickel and copper in the BPT treatment system. 

Thus, the proposed maximum 30-day average effluent 
limitation is, 

(0.40 mg/1) (0.68 m3/kkg) ( kg/m3 )= 0.00027 kg/kkg 
1000 mg/1 

and the daily maximum limitation is, 

(3.0) (0.00027 kg/kkg) = 0.00081 kg/kkg 

C. Chromium: The concentration basis for the maximum 30-
day average effluent limitation on chromium was set at 0. 050 
mg/1 in accordance with the literature treatahility data (Table 
8-11) • A VFR of 3. 0 was used following the same rationale 
described for copper. Thus, for chromium, the proposed maximum 
30-day average limitation is, 

(0.050 mg/1) (0.68 m3/kkg) ( kg/m3 ) = 0.000034 kg/k~_g_ 
1000 mg/1 

and the daily maximum is, 

(3.0) (0.000034 kg/kkg) = 0.00010 kg/kkg 

D. Antimony: The concentration basis for the maximum 30-
day average effluent limitation on antimony was set at 0.40 mg/1 
in accordance with the literature treatability data fTable 8-
11) • A VFR of 3. 0 was used following the same rationale 
described for copper. Thus, for antimony, the proposed maximum 
30-day average limitation is, 

(0.40 mg/1) (0.68 m3/kkg) ( kg/m3 ) 
1000 mg/1 

= 

and the corresponding daily maximum is, 

(3.0).(0.00027 kg/kkg) = 0.00081 kg/kkg 
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E. Lead: A concentration of 0.050 mg/1 was set as the 
concentration basis for the proposed maximum 30-day average 
limitation on lead in accordance with the literature 
treatability data (Table 8-11}. A VFR of 3.0 was used following 
the same rationale deqcribed for copper. Thus, for lead, the 
proposed maximum 30-day average effluent limitation is, 

(0.050 mg/1} (0.68 m3/kkg}( kg/m3 ) 
· 1000 mg/1 

= 0.000034 kg/kkg 

and the daily maximum is, 

(3.0} (0.000034 kg/kkg} = 0.00010 ~g/kkg 

F. Zinc: The concentration basis for the proposed maximum 
30-day average effluent limitation on zinc was set at 0.40 mg/1 
in accordance with the literature treatability data (Table 8-
11} • A VFR of 3. 0 was used following the same rationale 
described for copper. Thus, for zinc, the proposed maximum 30-
day average effluent limitation is, 

(0.40 mg/1} (0.68 m3/kkg) ( kg/m3 ) 
1000 mg/1 

and the daily maximum is, 

(3.0} (0.00027 kg/kkg) = 0.00081 kg/kkg 

= 0.00027 kg/kkg 

G. Other Metals: The concentration basis for cadmium, and 
selenium are also presented in Table 22-11. These are also 
based on literature treatability data. These are intended to 
serve as guidance in cases where these pollutants are found to 
be of serious concern. 

Application of Advanced Level Treatment 

Only one advanced treatment alternative has been developed 
for the nickel sulfate subcategory. Addition of sulfide before 
filtration for further removal of nickel was considered. Table 
22-12 presents estimated achievable effluent quality through 
implementation of this advanced technology. The concentrations 
are based on the literature treatability data and the VFR is 
based on data from this particular treatment. However, BPCTCA 
Level 1 technology affords adequate control and the application 
of a higher level of treatment for BAT was not selected because 
the pollutant reduction was not sufficient to offset the 
additional cost. 
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Pollutant 

Ant:i.rrony 

Arsenic 

cadmium 

Chromiu:n 

Copper 

Lead 

Nickel 

Seleniun 

Thallium 

Zinc 

TABLE 22-12. PROPOSED EFFLUENT LIMITATIONS 
Nickel Sulfate 

Treatment Level 2 
Waste Water Flow: 0.68 m3/kkg of Niso4 

Achievable Concentration 
(rrg/1) 

Treatability VFR(l) Max 24-hr 
(rrg/1) 30-day Max 

Avg 

0.4 3.0 0.4 1.2 

0.05 3.0 0.05 0.15 

0.01 3.0 0.01 0.03 

0.05 3.0 0.05 0.15 

0.05 3.0 0.05 0.15 

0.05 3.0 0.05 0.15 

0.05 3.0 0.05 0.15 

0.1 3.0 0.1 0.3 

0.1 3.0 0.1 0.3 

0.02 3.0 0.02 0.06 

(1) VFR: Ratio of the 24-hour variability factor to the 30-0a.y variability 
factor. 
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22.7.5 New Source Performance Standards 

After examination of the effectiveness of the two treatment 
technologies applicable to nickel sulfate wastes, it has been 
determined and the agency is proposing that BAT technology be 
the basis for NSPS. The effluent limits for toxic metals are 
the same as for BAT shown in Table 2 2-11, and TSS is being 
proposed at the same effluent level as in the existing BPT 
regulation presented in Table 22-2. 

22.7.6 Basis for Proposed Pretreatment Standards 

Two industrial grade nickel sulfate plants are 
presently discharge to POTWs. Pretreatment at one 
simple settling while at the other, it is 
precipitation followed by settling. 

known to 
plant is 

hydroxide 

Considering the small waste water flows generated in the 
manufacture of nickel sulfate, the application of BPT technology 
is appropriate for pretreatment. 

There is an existing PSES regulation, 40 CFR 415.474. The 
Agency is proposing to amend that section of these regulations 
based on new treatment system performance data and the PSES 
1 imitations are the same as those presented for BAT in Table 
22-11. EPA is also proposing PSNS limitations equal to the BAT 
limits presented in Table 22-11. The pollutants limited by the 
proposed PSES and PSNS regulations are nickel, antimony, 
chromium, copper, lead, and zinc. 

777 

• 



• 



SECTION 23 

SILVER NITRATE INDUSTRY 

23.1 SUMMARY OF DETERMINATIONS 

Action on this subcategory has been deferred, and a new 
subcategory including all silver compounds will be reviewed 
under Phase II BAT review, because the logical sequence of 
guideline promulgation was to start the guideline process with 
nonferrous metals to be followed later by a regulation on silver 
compounds. 

23. 2 ASSESSMENT OF THE WATER POLLUTION POTENTIAL 

23.2.1 Production Processes and Effluents 

Most of the silver nitrate produced is for captive use in 
the photographic industry. It is also used in the manufacture 
of silver salts, mirrors, for silver plating, coloring porcelain 
and as a chemical reagent. 

The industry profile data is given in Table 23-1. 

Toxic po'llu tants found at significant levels during 
sampling at one plant were: 

Pollutant 

Silver 
Cyanide 

Concentration (~g/1) 
Screening Verification 

164 
580 

65 
470 

Silver was not found at a significant concentration during 
verification sampling of the same plant. However, a significant 
level of cyanide was found again. The source of cyanide was 
found to be from a soaking solution which is used to remove 
silver nitrate stains from workers' clothes. The solution is 
sent to the silver recovery treatment system. When plant 
personnel discontinued this ·practice cyanides disappeared from 
the effluent. 
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TABLE 23-1 SUBC.ATEXDRY PROFILE DATA SUMMARY 

SILVER NITRATE 

Total subcategory capacity rate 

Total subcategory production rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing production 

Plant production range: 

Milrlnu.ml 

.Max:irmlm 

Average production 

Median production 

Average capacity utilization 

Plant age range: 

Milrlnu.ml 

.Max:irmlm 

Waste water flow range: 

Min:inum 

Maximnn 

Volume per unit product: 

Mirrimum 

Maximlm 

35, 000 kkg/year 

7 

2 

6,507 kk.g/year 

3,256 kkg/year 

NA 

9 percent 

50 kkg/year 

3, 206 kkg/year 

NA 

NA 

NA 

20 years 

64 years 

<1 cubic neters/day 

38 cubic neters/day 

1 cubic neter/kkg 

4 cubic neters/kkg 

Sources of data are Stanfol:d Research Institute, Directory of Chemical 
Pn:xlucers, u.s.A., 1977, u.s. Depa.rbrent of Ccmnerce, CUrrent Industrial 
Rep:>rts, December 1977; Energy arrl Enviro~tal Analysis, Inc.; Draft 
Report, "Preli.rninary Eoonanic Assessrent of Effluent Limitations in the 
Inorganic Chemical Irrlustry," June 1978 and "Economic Analysis of Proposed 
Revised Effluent Guidelines and Standards for the Inorganic Chemicals 
Industry, II March, 1980. 

NA = Not Available 780 



23.3 STATUS OF REGULATIONS 

Subpart BA has been reserved for this subcategory. 
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SECTION 24 

SODIUM BISULFITE INDUSTRY 

24.1 INDUSTRY PROFILE 

24.1.1 General Description 

Sodium Bisulfite is manufactured both in liquid and 
powdered form. Captive use is very small. Sodium bisulfite is 
used in the manufacture of photographic chemicals, organic 
chemicals, textile and in food processing. It is also used in 
the tanning industry and in the sulfite process for the 
manufacture of paper products. 

The industry profile data are given in Table 24-1, while 
status of regulations are summarized in Table 24-2. 

24.1.2 General Process Description and Raw Materials 

Sodium bisulfite is produced by reacting sodium carbonate 
(soda ash) with sulfur dioxide and water. The reaction is: 

Na2C03 + 2S02 + H20 = 2NaHS03 + C02 (1} 

This reaction produces a slurry of sodium bisulfite crystals 
which can be sold, but which is usually processed to form 
anhydrous sodium metabisulfite. This requires thickening, 
centrifuging, drying, and packaging operations. 

24.2 WATER USE AND WASTE SOURCE CHARACTERISTICS 

24.2.1 Water Use 

Direct process contact water is used to slurry the sodium 
carbonate for the reaction. Noncontact cooling water is another 
water use at one plant. Water is also used for pump seals, 
maintenance and washdowns. Table 24-3 gives a summary of water 
usage at the plants for which 308 Questionnaires were available. 
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TABLE 24-1. SUBCATEGORY PROFILE DATA SUMMARY 

SUBCATEGORY Sodium Bisulfite 

Total subcategory capacity rate 

Total subcategory production rate , 

Nllrrber of plants in this subcategory 

308 Date on file for 

With total capacity of 

With total production of 

Representing production 

Plant production range: 

Minimum 

.Max:imum 

Average production 

M:dian production 

Average capacity utilization 

Plant age range: 

Minimum 

Maximum 

Waste water flow range: 

Minimum 

Maximum 

Volune per unit product: 

Minimum 

.Max:imum 

98,000 kkg/year(l) 

7 

2 

46, 000 kkg/year 

28,300 kkg/year 

4, 700 kkg/year 

23,600 kkg/year 

17, 800 kkg/year 

16 ,900 kkg/year 

62 percent 

4 years 

19 years 

3 cubic meters/day 

100 cubic meters/day 

< 1 cubic rneters/kkg 

< 1 cubic meters/kkg 

Sources of data are Stanford Research Institute, Directory of Chemical 
Producers, U.S.A., 1977, u.s. Depa.rtrrent of corrrnerce, Current Industrial 
Reports, Decenber 1977; Energy and Environmental Analysis, Inc.; Draft 
Report, "Preliminary Economic Assessment of Effluent Limitations in the 
Inorganic Chemical Industry. " 

(1) "Energy and Envirornrental Analysis, Inc.; 
Econanic Analysis of Proposed Revised Effluent 
Guidelines And Standards for the Inorganic 
Chemicals Industry, " March 19 80. 
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TABLE 24-2. STATUS OF REGULATIONS - EFFLUENT LTirJITATION GUIDELINES 

SUBCATEGORY Sodium Bisulfite 

SUBPART BB {40 CFR 415.540, 5/22/75) 

BPCI'CA 
1 2 

Max. Avg. 
Product Para- kg/kkg kg/Y~ 
Process meters (mg/1) (mg/1) 

Sodium Reserved Reserved 
Bisulfite 

STANDARDS 

BATEA 

Max. Avg. 
kg/kkg kgjkkg 

(mg/1) (mg/1) 

Reserved 

NSPS 

Max. Avg. 
kg/kkg kg/kkg 

(mg/1) (mg/1) 

Reserved 

~ = Maximum of any one day. 
2 Avg =Average of daily values for thirty consecutive days shall not exceed. 
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TABLE 24-3. WATER USAGE IN THE SODIUM BISULFITE SUBCATEGORY 

Plant Direct Contact Process Noncontact Cooling Maintenance 

(m3/kkg) 3 (m /kkg) 
Washd~s, etc. 

(m /kkg} 

i 282 0.14 3.85 1.00 

i 586 NA NA NA 

i 987 1.15 0 0.38 

NA = Not Available 
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24.2.2 Water Sources 

Noncontact cooling water for the centrifuge is a source of 
waste at one plant. However, direct process contact water is 
the main source of waste water which must be treated, together 
with miscellaneous wastes such as water used for maintenance 
purposes, washdowns, and spill cleanup. 

Table 24-4 summarizes the waste water unit flows from the 
major waste sources for Plants #987 and f282. Plant #987 has 
two facilities that produce sodium bisulfite which are 
designated A and B. 

There is little solid waste generation in the production of 
sodium bisulfite and process waste treatment. There are minor 
quantities which are precipitated as metal hydroxides resulting 
in insignificant amounts of filter cake requiring disposal. 
Generation of solid waste is therefore assumed negligible. 

24.3 DESCRIPTION OF PLANTS VISITED AND SAMPLED 

24.3.1 Screening 

Plant #282 was visited in the screening phase of the 
program. The bisulfite waste is treated on a batch basis every 
two or three days. Sodium hypochlorite is added to the waste to 
oxidize the sulfite waste, is mixed with wastes from an organic 
chemical plant and neutralized. The combined wastes are then 
discharged to a sewer. Table 24-5 shows the flow data and 
pollutant discharges, while Figure 24-1 gives the process flow 
diagram and shows the sampling points used in screening. 

24.3.2 Verification 

In verification, two plants were visited, Plants ¥586 and 
¥.987. At Plant #586 the sodium bisulfite wastes are combined 
with many other process wastes and they are treated together. 
Figure 24-2 shows the flowsheet and the points sampled. Table 
24-6 gives the pollutant emissions and flow data for the waste 
streams. The filter wash is the main process at Plant f987. 
This waste is neutralized with caustic soda to pH 9 - 10 to 
convert the bisulfite waste to sulfite. The sulfite is then 
oxidized with air to sulfate: The treated waste, including 
solids, is discharged to a river. Table 24-7 shows the 
pollutant emissions and flow data for the waste streams sampled. 
Figure 24-3 shows the process flow diagram and sampling points 
at Plant ¥987. 
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TABLE 24-4. WASTE WA'IER F'I.aV AT PLANTS #987 AND #282 
FOR SODill-1 BISULFITE SUBCATEGORY 

SUBCATEGORY SODIUM BISULFITE 

Source Flow Rate Per Unit of Production(m3/kkg~l) 

#987A #987B #282 

Direct Process ( 3) 0.018 0.018 0.14 
COntact 

Indirect Process 1.50 1.17 0.03 
COntact 

Miscellaneous 0.31 0.42 1.00(2) 
Washdoim. 

Total 1.83 1.61 1.17 

Average 1.50 

(1) - Plant #987 contains two separate facilities labeled A and B for 
the purpose of canparison. 

(2) - In.clu:les steam condensate which is currently treated prior to 
discharge. 

(3) - l-bther liquor filter wash. 
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TABLE 24-5. FLCW AND POLLIJrANT IDAD DATA OF THE SAMPLED WASTE STREAMS FOR 
PLANT #282 PRODUCING SODIUM BISULFITBl) 

Waste Stream 

Untreated waste 
Treated waste 

2.67 
2.67 

TSS 
( kg/kkg) 

urD<2> 

0.424 

(1} - Data based on screening sampling 
which involves one 72 hour composite 
sample. 

(2) - Unable to determine. 

7 
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CCV 
(kg/kkg) 

4.04 
2.61 
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TABLE 24-6. FIJ:Jil AND POLLUTANT LOAD DATA OF THE SAMPLED WASTE STREAMS FOR 
PLANT #586 (l) 

Stream Waste Stream ~lCM 
Nl.ll'ber Description (m /kkg) 

1 MBS Sump #1 9.68(2) 

2 MBS Sump #2 9.68(2) 

Total loads (1,2) 19.36 

3 Amine oxidation POnd 2.77( 3) 

4 ZnS04 Pond Effluent 78.54( 3) 

5 L.ilre Treatrrent Effluent 109.7(3) 

6 Truck Washdown 0.134(3) 

7 so2 Wastes 85.86 (3) 

8 Treated Effluent 188.3 <4> 

Total loads (1,2,3,4,6,7) 187 

(1) - Data based on verification sampling 
which involves three 24 hour composite 
samples. 

(2) - Includes noncontact process water that 
does not contribute to the pollutant 
load. 

(3) - Raw process waste flcms that are not 
directly related to the sodium bisulfite 
industry, but are currently treated 
in ccnbination with raw process waste 
that is related. 

(4) - Treated effluent from canbined treatment 
of a nurrber of different raw process 
waste streams not all related to sodium 
sulfite production. 
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TSS COD 
(kg/kkg) (kg/kkg) 

0.19 1.1 

0.051 0.46 

0.24 1.6 

2.4 2.3 

12 0.76 

11 29 

0.012 0.098 

2.0 53 

4.3 22 
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TABLE 24-7. F'I..lJil AND POLLtJrANT I.OAD DATA OF THE SAMPLED WASTE STREAMS FOR 
PLANT #987 (1) 

Stream 
Nmnber 

1 
2 
3 
4 

5 
6 

Waste .stream 
Description 

No. 1 Filter Wash 
Floor wash, spill, 
No. 2 Filter Wash 
Raw Process Waste 
(Streams 1+2+3) 
54 Hour Aeration 
Treated Effluent 

etc. 

Flow 
(m3/kkg) 

0.055 
0.013 
0.041 

0.11 
0.14 
0.14 

(1) - Data based on verification sampling 
which involves three 24 hour canr:x:>site 
samples. 
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TSS 
(kg/kkg) 

0.11 
0.046 
0.0052 

0.32 
0.38 
0.0031 

COD , 
(kg/kkg) 

1.4 
0.30 
0.91 

3.5 
1.2 
1.0 
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24.3.3 Toxic Pollutant Analytical Results 

The following table is a tabulation of the toxic pollutants 
identified at detectable concentrations in the raw process waste 
during screening and verification. The concentration presented 
under verification represents the highest observed in the raw 
process waste during sampling. No organic toxic pollutants were 
found at detectable levels. 

Pollutant 

Arsenic 
Copper 
Zinc 
Cadmium 
Chromium 
Antimony 
Lead 
Mercury 
Nickel 
Silver 
Thallium 

Maximum Raw Waste Concentrations Observed 
(llg/1) 

Screening 
Plant f.282 

12 
380 

2500 
6 
0 

30 
8 
3 

'250 
2 
8 

Verification 
Plant f586 and f.987 

67 
930 

3600 
41 

3400 
650 

1100 
17 

460 
15 

8 

Section 5.1.2 of this report describes the methodology of 
the screening and verification sampling program. In the Sodium 
Bisulfite subcategory a total of seven days of sampling were 
conducted at Plants f.282, #586, and ¥.987. Sixteen 
different sampling points were identified for the various waste 
streams at these three plants. The evaluation of toxic metal 
content'of these wast~ streams was based on 429 analytical data 
points and an additional 516 points for the tpxic organic 
pollutants sampled during screening. 

The daily raw waste loads were calculated from the waste 
stream flow rates measured or estimated at the time of sampling 
and the measured pollutant concentration. 

That is, 

Daily loading (as kg of pollutant per day) = · (C) (Q) 
1000 

Where: 

C is the concentration of the pollutant expressed in 
units of mg/1 (Note: kg/m3 = 1000 rng/1), and 
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Q is the waste stream flow rate expressed in units of 
m3/day. (m3, a cubic meter, is equal to 264.2 U.s. 
gallons.) Similarly, the unit loadings were calculated 
from the reported sodium bisulfite production rate, the 
waste stream flow rate, and the measured pollutant 
concentration. 

Unit loading (as kg of pollutant _ 
per kkg of Sodium Bisulfite -

(C) (Q) 
lOOOP 

Where C and Q are the same as described above, and P is the 
sodium bisulfite production rate expressed in units of 
kkg/day. (kkg is 1000 kg, a metric ton, which is equal to 
2205 lbs.) 

Table 24-8 presents the toxic pollutant unit loading and 
concentration at the three plants sampled. Each concentration 
repesents the average of three composite samples for 
verification and a single composite sample during screening. 

In Table 24-9, the toxic pollutant raw waste data are 
presented as the minimum average and maximum unit loadings based 
on the resul.ts · summarized for each plant in Table 24-8. The 
average unit loading is based on the average obtained at the 
three plants sampled. 

Based on the total annual p;~=oduction of this subcategory 
and the average waste load generated per unit product, the 
estimated toxic pollutant raw waste loads generated each year 
for this subcategory are as follows: 

Total Annual Pollutant Load 

Pollutant 

Antimony 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Zinc 
Silver 
Arsenic 
Thallium 

Raw Waste Load (kg/year) 

5.0 
l.O 

1100.0 
45 
9.0 
0.60 

30 
520 

6.2 
2.3 
22 

Table 24-10 presents the average toxic pollutant 
concentration observed during verification sampling. 
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TABLE 24-8. TOXIC POLLUTANT RAW WASTE LOADS 

SUBCATEGORY SODIUM BISULFITE 

POLLUTANT 
PLANT AND SAMPLlliG PHASE 

Screening(l) Verification (2) 
#282 #903 #987 #302 #586 #314 

(mg/1) (kg/kkg) (mg/1) (kg/kkg) (mg/1) ( (k_g/kk_g) 

Arsenic 0.012 0.00003§ 0.067 0.00001~ 0.0020 0.00003 

Copper 0.38 0.0010 0.74 0.00007 l 0.018 0.00030 

Zinc 2.5 0.0070 2.4 0.00020 i 0.52 0.0088 

cadmium 0.0060 0.000017 0.04 0.000004 0.0005 0~00001 

Chromium 2.6 0.00030 1.3 0.022 

lead 0.0025 0.000007 0.6 0.00007 0.012 0.00020 

Mercury 0.0030 0.000007 0.012 0.000001 0.00060 0.00001 

Nickel 0.25 0.00070 0.46 0.00005 l 0.010 0.00017 

Antim::my 0.030 0.000070 0.65 
< t 

0.00007 i 0.0050 0.00008 
•' 

Thallium 0.0080 0.000020 <o.o5o <0.000004 0.025 0.00042 
Silver 0.0060 0.000017 <0.030 <0.000003 0.010 0.00017 

(1) - One 72-hour composite sample 

(2) - Average of three 24-hour composite samples 
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TABLE 24-9. SlMlARY OF RAW WASTE L<W>INGS FOUND m SCREENING AND VERIFICATIOO SAMPLING 

Sl.JBCATm)Ry SOOitM BISULFI'm 

Pollutant IDading Range Unit I:oading No. of 
(kg/day) {k<J.0kg) Plants 

Minimun Maxinun Min:imun Average Maximum 

-....) Priority 
1.0 
co 

Antim:Jny 0.00045 0.0041 0.000007 0.000052 0.000080 2 

Cadmiun 0.00023 0.00041 0.000004 0.000010 0.000017 3 

Chraniun 0.018 1.1 0.00030 O.Oll 0.022 2 

Copper 0.0050 0.015 0.000070 0.00046 0.0010 2 

lead 0.000091 0.0095 0.000007 0.000092 0.00020 3 

Mercw:y 0.000091 0.00045 0.000001 0.000006 0.000010 2 

Nickel 0.0032 0.0091 0.000050 0.00031 0.00070 3 

Zinc 0.016 0.42 0.00020 0.0053 0.0088 3 

Silver <0.00020 0.0080 <0.000003 0.000060 0.00017 3 

Arsenic 0.00040 0.0014 0.000010 0.000023 0.000030 3 

'Ihalliun <0.000052 0.020 <0.000004 0.00015 0.00042 3 

Convent_ional 

'lbtal Suspended Solids (TSS) 

3.20 25.4 0.21 0.27 0.38 3 

Chemical OKygen Demand (CXD) 

54.4 234 1.33 2.94 4.04 3 

(1) - Average of values obtained in Table 24-8 for tlnse plants where the toxic pollutant was 
detected. 



TABLE 24-10. TOXIC POLLUI'ANT CONCENTRATIONS OBSERVED IN TREATED EFFLUENT DURING 
VERIFICATION SAMPLING 

Pollutant 

Arsenic 

Copper 

Zinc 

ca&nium 

Chromium 

Lead 

Mercury 

Nickel 

Ant.im:>ny 

Thallium 
Silver 

ND - Not Detec·ted 

#987 
(m:r/1) 

ND 

0.27 

0.010 

ND 

0.11 

0.15 

ND 

ND 

ND 

ND 
ND 

Plant# 
#586 
(~/1} 

ND 

ND 

ND 

ND 

ND 

ND 

0.010 

0.050 

0.020 

ND 
ND 
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24.4 POLLUTION ABATEMENT OPTIONS 

24.4.1 Toxic Pollutants of Concern 

It is reported that some sources of sodium carbonate 
contain zinc and other trace metals in measurable amounts. The 
screening and verification sampling program revealed zinc, 
chromium, copper, lead, nickel, mercury and antimony were at 
significant concentration levels which may require regulation. 
Zinc may enter the waste stream by corrosion of galvanized 
metals by coproduct operations or from nonprocess zinc compounds 
used by the industry. Cadmium, arsenic, thallium, and silver 
though detected in the raw waste are not at treatable 
concentrations and thus are not considered toxic pollutants of 
concern. 

24.4.2 Prevailing Control and Treatment Practices 

Plant #987 adds 50 percent caustic solution to the 
oxidation tank to raise the pH to approximately 9. 5 and blows 
air through while mechanically agitating. The waste is 
discharged to a river following the 17-hour retention period. 

Plant :f/"282 uses caustic soda or sodium carbonate for pH 
control followed by sodium hypochlorite addition to oxidize 
sulfite and other reduced sulfur species. The waste is ~hen 
neutralized and discharged to a County sewer. 

Plant :f/"586 mixes the bisulfite waste from an amine plant, 
and ZnS04 production wastes, and truck wash waste. Lime is 
added to the wastes which are then passed through an aeration 
tank with eight-hour's retention time. The treated waste goes 
through primary and secondary settling before final discharge. 

24.4.3 Advanced Treatment Technologies 

Toxic metals may be precipitated at alkaline pH values, 
when reacted with sulfides in various forms, in some cases by 
ion exchange resins, and the Xanthate process. Sulfide 
precipi tatio1;1 from cleared solutions could be used to prov i'"de 
additional removal of zinc, lead, nickel, copper, mercury, and 
to a lesser extent, antimony. 
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24.5 SELECTION OF APPROPRIATE TECHNOLOGY AND EQUIPMENT 

24.5.1 Technologies for Different Treatment Levels 

Level 1 (BPT/BAT) 

Neutralization with caustic soda to a pH of 9.5 followed by 
aeration. This level was chosen as the most cost-effective 
method of lowering the COD associated with the primary 
pollutant, sodium bisulfite. The flow diagram is shown in 
Figure 24-4. 

Level 2 

Aerated effluent from the BPT system is chlorinated to 
complete COD removal, and is then filtered to remove finely 
divided suspended matter carried through or produced in the BPT 
system, particularly if toxic metals are present in the incoming 
wastes. The flow diagram is shown in Figure 24-5. 

Level 3 

Ferrous sulfide is applied ahead of the Level 2 dual media 
filter, to precipitate any residual metals by the more effective 
sulfide process. The flow diagram is shown in Figure 24-6. 

24.5.2 Equipment for Different Treatment Levels 

Equipment Functions 

In Level 1, the raw wastes are received in a one-day 
holding tank, adjusted to pH 9. 5 with caustic soda and jet 
aerated by recirculation of the daily batch. At the end of each 
day the batch is transferred to a reaction tank sized for one 
week's flow, which is continuously aerated by recirculation 
through air aspirators. On tl)e si~th day the aerated weekly 
batch is discharged directly (Level 1) or through a dual media 
filter (Levels 2 and 3) • At Level 2 continuous aeration is 
terminated early on the sixth day and the weekly batch is 
recirculated through the hydraulic eductor of a gas chlorinator 
to oxidize any residual COD. At Level 3, ferrous sulfide is 
added before filtering, to precipitate any residual toxic 
metals. If COD limits can be consistently met by long-period 
aeration, and if toxic metals are not found in the raw wastes, 
the advanced levels of treatment would serve no purpose. 

Chemicals and Handling 

Caustic soda solution, chlorine and ferrous sulfide are 
used in the treatment processes. Caustic soda and chlorine, are 
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common industrial chemicals which are fed by conventional 
equipment designed to minimize leaks, spills, and hazards to 
personnel. Ferrous sulfide is prepared by m1x1ng ferrous 
sulfate with sodium bisulfide under well ventilated conditions. 
When the usual precautions are taken in the proper handling of 
corrosive and toxic chemicals, there should be no special 
problems in applying the proposed technologies. 

Separation and Removal of Solids 

No solids are formed in the proposed treatment, with the 
possible exception of small amounts of metal hydroxides and 
sulfides in the filter backwash, if metals should be present in 
the raw wastes. In that event, the precipitated solids returned 
to the holding tank during backwashing will settle in the hopper 
bottom of the reaction tank. As necessary, these solids can be 
drawn off to a small earthen drying bed, where liquid will drain 
into the soil and and the insoluble metal compounds will remain 
at the site. 

Monitoring Requirements 

Internal process monitoring will be done with standard 
field equipment measuring pH, dissolved oxygen and chlorine. If 
metals are present in the raw materials a periodic laboratory 
analysis for metals should be made on the final effluent. 
Monitoring for dissolved sulfide should not be necessary, since 
excess sulfide will react with iron from the ferrous sulfate 
applied in Level 3, oxidizing to insoluble ferric sulfide. 

24.6 TREATMENT COST ESTIMATES 

24.6.1 General Discussion, 

Presented in this section are the preliminary treatment 
cost estimates that were developed for a model plant based on 
limited raw waste flow data. The flow rate used for these cost 
estimates was 0.23 m3/kkg. The model plant flow rate 
specification was later changed to 1. 5 m3/kkg reflecting more 
accurate plant information (Table 24-4) and this value was used 
in regulation development. The need of revising the cost 
estimates is being evaluated and any appropriate adjustments 
will be made before promulgation. The , model plant 
specifications given below were used for regulation development, 
and, except for the flow rate change noted, were also used for 
cost estimating purposes. 
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Waste Water F1ow 

The sources of waste water include wet air scrubbers, 
filter backwash, floor washings, leaks, and spills. The unit 
flow rates ranged from 1.8 m3/kkg to 1.2 m3/kkg of product at 
the three facilities for which 308 Quest1onna1res were 
available. The average was approximately l. 5 m3/kkg and this 
was used for the model plant (Table 24-4). 

Production 

Sodium bisulfite production ranges from 4770 kkg/yr to 
31,800 kkg/yr at the three plants for which data was available. 
The average production is 17,800 kkg/yr. The production rates 
at the three plants were used as the model plant production 
rates. The operational mode is continuous and is assumed to run 
350 days per year. 

So1id Wastes 

In the production of sodium bisulfite and process waste 
treatment there is little solid waste generation,· although 
precipitation of metal hydroxides may result in small quantities 
of filter cake requiring disposal. The model plants assumed no 
significant solid waste production. 

Treatment Chemicals 

Caustic soda is needed to adjust the pH to 9.5. The only 
other requirement is air to oxidize the waste. For the model 
plant, the caustic soda dosage was assumed to be 0.195 kg/kkg. 

24.6.2 Cost Estimates 

The cost estimates of three models having different 
production levels are presented in Tables 24-11, 24-12 and 24-
13. Annual costs for three treatment levels as a function of 
production are shown graphically in Figure 24-7. Treatment cost 
per metric ton of product is shown in Figure 24-8. 

Table 24-14 gives a summary of the unit cost distribution 
between amortization, operation and maintenance. Cost 
components at various proCiuction and levels of treatment are 
also shown. 

Cost estimates developed for the first level of treatment 
indicate that labor and amortization cost has a significant 
impact on the total annual costs. At the second and third level 
of treatment, for low production, operation and maintenance has 
a significant impact on the additional annual costs .. At medium 
and high production, amortization and operation ano maintenance 
costs constitute the major portion of the additional costs. 
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TABLE 24-11. IDDEL PLANT TREATMENT COOTS 

SUbcategory Scxhum Bisulfite 

ProductJ.On 4,770 metric tons per year(l) 
13 metric tons per day 

(5,258 tons per yearfll 
(15 tons per day) 

Waste water flow 3.0 cubic meters per day. 

A. INVES'l'MENT COOT 

Construction •••••••••• 
Equiprent m place, 
inlcluding piping, 
fittings, electrical 
~rk and controls ••••• 
Monitormg equiprent 
in place ••••••••••••• 
Engineering design 
and inspection ••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
Land •••••••••••••• ••• • 

TOI'AL INVESTMENT COOT 

B. OPERATICN AND 
MAINTENANCE COST 

Labor and supervJ.s~on. 
Energy ••••••.••••••••• 
Chemicals ••.•••••••••• 
Maintenance ••••.•••••• 
Taxes and insurance ••• 
Residual waste 
disposal •••••••••••••• 
Monitoring, analysis ~ 
and reportmg ••••••••• 

TOI'AL OPERATION AND 
.MAIN'IENANCE COOT 

C. AMORriZ~ION OF 
INVESTMENI' a:GT 

(1) - Based on 350 days per year. 

FIRST 

$5,550 

47,800 

9,000 

12,470 

12,470 
1,800 

$89,090 

$15,000 
1,600 

400 
8,729 
2,672 

2,500 

$30,901 

$14,202 

$4~,103 

LEVEL OF TREATMENI' 

SECOND 

$1,650 

20,500 

4,430 

4,430 

$31,010 

$1,000 
60 

1,200 
3,101 

930 

1,250 

$7,541 

$5,045 

$12,586 

(2} - First level represents the base cost of treabnent system. 
Other levels represent the increrrental cost above base cost. 
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(2) 

THIRD 

$1,750 

21,400 

4,630 

4,630 

$32,410 

$2,000 
75 

1,210 
3,241 

972 

1,250 

$8,748 

$5,273 

$14,021 



TABLE 24-12. M:>DEL PLANT TREATMENI' COSTS 

Sodium Bisulfite SUbcategory 

Production 16,900 rretric tens per year(l) 
48 rretric tons per day 

(18,632 tons per year) (l) 
(53 tons per day) 

Waste water flow 10 cubic rreters per day. 

LEVEL OF TREATMENr (2) 

A. INVESTMEm' COST FIRST SE<XlND THIRD 

Construction •••••••••• $8,500 $4,100 $4,200 
Equiprent in place, 
including piping, 
fittings, electrical 
work and controls ••••• 82,400 37,150 38,050 
~toring equiprent 
in place •••••••••••••• 9,000 
Engll'leering design 
and inspection •••••••• 19,980 8,250 8,450 
Incidentals, overhead, 
fees, contingencies ••• 19,980 8,250 8,450 
~ .................. 1,800 

TOI'AL INVES'l'MEm' COST $141,660 $57,750 $59,150 

B. Ol'ERATICN AND 
MAINI'ENANCE COST 

Labor and supervision. $15,000 $1,000 $2,000 
Energy •••••••••••••••• 3,100 90 110 
Chemicals ••••••••••••• 1,340 2,560 2,600 
Maintenance ••••••••••• 13,986 5,775 5,915 
Tares and insurance ••• 4,249 1,732 1,774 
Residual waste 
disposal •••••••••••••• 
M:lnitormg, analysis 
and :reporting ••••••••• 2,500 1,250 1,250 

TOI'AL OPERATICN AND 
MAINI'ENANCE: COST $40,175 $12,407 $13,649 

c. AM:>RriZATION OF 
JNVESTMENI' COST $22,755 $9,395 $9,623 

TOrAL ANNUAL CCGT $62,930 $21,802 $23,272 

(1) - Based ern 350 days per year. 

(2) - First level :represents the base cost of treatnent system. 
other levels represent the incremental cost above base cost. 

808 



TABLE 24-13. l-10DEL PLAN!' TREATMENr COSTS 

SUbcategory SOdium Bisulfite 

Production 31,800 metric tons per yearlll 
90 rretric tons per day 

(35,059 tons per year)(],.) 
(100 tons per day) 

Waste water flow 19 cubic rreters per day. 

LEVEL OF TRE'.1lmlEm' ( 2l 

A. mvESTMENT COST FIBS'!' SECOOD THIRD 

Construction ••••••••••• $12,400 $6,250 $6,450 
Equipnent in place, 
including piping, 
fittings, electrical 
work and controls •••••• 123,900 63,700 64,900 
M;mitoring equipnent 
in place ••••••••••••••• 9,000 
Engineering design 
and inspection ••••••••• 29,060 13,990 14,270 
Incidentals, overhead, 
fees, contingencies ••• 29,060 13,990 14,270 
Land •••••••••••••••••• 3,ooo ---- -----
TOI'AL INVESTMENT CCST $206,420 ' $97,930 $99,890 

B. OPERATICN AND 
MA:IN'I'ENANCE COST 

Labor and supervision. $15,000 $1,000 $2,000 
Energy •••••••••••••••• 6,200 90 132 
Chemicals ••••••••••••• 2,700 4,840 4,910 
Maintenance ••••••••••• 20,342 9,793 9,989 
Taxes and insurance ••• 6,192 2,937 2,996 
Besidual waste 
disposal •••••••••••••• 
M;mitoring, analysis 
and reporting ••••••••• 2,500 1,250 1,250 

TOI'AL OPERATICN AND 
MAINTEN.!\NCE COST $52,934 $19,910 $21,277 

c. AIDRl'IZATICN OF 
INVESTMENT COST $33,096 $15,933 $16,252 -----
TOI'AL ANNUAL COST $86,030 $35,843 $37,529 

(1) - Based an 350 days per year. 

(2) - First level represents the base oost of treatment system. 
'Other levels represeni; the mcrerrental oost above base cost. 
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Figure 24-7. Variation of annual treatment (X)St with production for the 
sodium bisulfite subcategory. 
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TABLE 24-14. MODEL PLANT TREATMENT (X)STS 

SUbcategory Sodium Bisulfite 

Annual Treatrrent Costs ($/kkg) 

LEVEL OF TREATMENT 

COST ITEMS PRODUcriON FI..lJiil FIRST SECOND THIRD FOURI'H 
(kkg/yr) (m3jday) 

Annual Operation 
and Maintenance 4, 770 3 6.48 1.58 1.83 Not 

16,900 10 2.38 0.73 0.81 Applicable 
31,800 10 1.66 0.63 0.67 

Annual 
1\m::)rtization 4,770 3 2.98 1.06 1.11 

16,900 10 1.35 0.56 0.57 
31,800 19 1.04 0.50 0.51 

Total Cost 4,770 3 9.46 2.64 2.94 
16,900 10 3.72 1.29 1.38 
31,800 19 2.71 1.13 1.18 
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24.7 BASIS FOR REGULATIONS 

24.7.1 Evaluation of BPT Treatment Practices 

All seven plants in this subcategory have installed BPT or 
equivalent technology. Plant performance was estimated on the 
basis of verification sampling results for Plant f,987. Plant 
#282 was excluded from the evaluation since the treatment 
technology applied at the particular point of treated effluent 
sampling, does not represent the appropriate level of treatment. 
Plant #586 was excluded from consideration, since the combined 
treatment of the sodium bisulfite process waste with wastes from 
other unrelated processes, has made an evaluation of the plant 
performance data too speculative. 

Table 24-15 is a summary of the subcategory performance 
evaluation for the conventional and nonconventional pollutants 
(TSS and COD) • The data used in this Table is from screening and 
verification sampling results in Tables 24-5, 24-6, and 24-7 for 
Plants ¥282, #586, and f.987, respectively. 

The toxic pollutant performance evaluation is summarized in 
Table 24-10 in Section 24.3. 3. This Table shows the treated 
effluent concentration data for the toxic pollutants of concern. 

24.7.2 Basis for Proposed BPT Effluent Limitations 

Technology Basis 

The Agency proposes hydroxide precipitation of toxic metals 
with caustic soda plus batch aeration and settling for BPT 
treatment. The flow schematic for BPT is shown in Figure 24-4 
in Section 24.5.1 as Level 1 treatment. The Agency has selected 
Level 1 treatment as the basis for BPT because it reflects 
current industry practice. 

Flow Basis 

The basis of flow for BPT limitations is estimated from 
data provided in the 308 Questionnaires for two of the three 
complete plant responses, including plant f.987 and ~282. Plant 
#586 was omitted in view of the lack of adequate information to 
identify the waste water streams contributed by the Sodium 
Bisulfite process alone.' 

The three major raw process waste water streams include 
direct and indirect process contact waste and miscellaneous 
floor and tank washdown waste water. 

I 

Table 24-4 summarizes the unit flows reported for each of 
the three sources at each facility. Plant #987 has two 
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TABLE 24-15. PLANT PERFORMANCE EVALUATION SUMMARY FOR CONVENTIONAL AND 
NONCONVENTIONAL POLLUTANI'S 

Plant #And Stream Flo;q TSS coo 
Sanpling Phase Description (m3/kkg) (mg/1) (kgjkkg). (rng/1) (kgjkkg) 

#282 (l) 
Raw Waste 2.67 urn(4) urn(4) 

Treated Effluent 2.6t3) 160 0.42 
(Screening) Treated Effluent 1.5 280 0.42 

#586 (2) Raw Waste 19.36 13 0.24 

(Verification) Treated Effluentl9.36 3.3 0.063 
Treated Effluent 1.5(3) 42 (5) 0.063 

#987 Raw Waste 0.14 2, 250 ( ) 0.32 
Treated Effluent 0.14 22 7 0.003 (Verification) Treated Effluent 1.5(3) -- (6) 0.003 

(1) - Plant #282 treatment data was excluded from 
consideration since the treatment technology applied 
at the point of sampling does not represent 
the appropriate level of treatment. 

(2) - Plant #586 treatment data was excluded from 
consideration, since the corrbined treatment 
of the sodium bisulfite process waste 
with wastes from other unrelated processes, 
has made an evaluation of the plant performance 
too speculative. 

(3) - M::>del plant flo;q developed in Table 24-4 
was used to adjust the concentration 
of TSS and COO for canparati ve 
purposes as follCM"s: 

1500 
980 

1700 

82 
31.0 

400 (5) 

24,700 
7,300 

680 

Concentration (mg/1) = load (kg/kkg) (1000 mg/1) 
1.5 m3jkkg kgjm3 

(4) - UI'D - unable to detennine. 

(continued) 

814 

4.0 
2.6 
2.6 

1.6 
0.60 
0.60 

3.5 
1.0 
1.0 (7) 



TABLE 24-15. (continued) 

(5) - Determined in the following manner for COD from 
data presented in Table 24-6 for Plant 
#586: 

Step 1- Percent COD= 100% ~~-~~ x 100% = 62% 
Removed • 

Step 2 ·- Effluent COD Load = 1. 58 kg/kkg~lOO l~O 62j= ~~~g 
Step 3 - From footnote (3) 

(
0.60 kg/kk?\ (1-000 mgj~\ 
1.5 m3/kkg/ "kg/m3 :J 

(6) - TSS may not be adjusted to the Irodel 
plant flow since the flow observed 

= 400 mg/1 

during sampling is less than the rcodel 
plant flow. In other words, an additional 
load may conbribute to the TSS from 
sources not considered. 

(7) - Subcategory :perfonnance is based 
on concentration for TSS adjusted 
by the rcodel plant flow to determine 
the unit load limitation; whereas, 
the COD limitation may be based on load. 
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facilities which manufacture sodium bisulfite and are designated 
as A and B. The basis of model plant flow for the Sodium 
Bisulfite industry is estimated as the average total raw waste 
water flow for the three plants, and is used to estimate 
pollutant discharge loadings for the purpose of regulation. The 
average total flow for the three facilities considered is 1.5 
m3/kkg of product. 

Selection Basis for Pollutants to be Regulated 

The selection of pollutants for which specific numerical 
effluent limitations are proposed was based on an evaluation of 
raw waste data from the screening and verification sampling 
program. Pollutant data from the plant sampled during screening 
was J used to determine the need for verification sampling. 
Ver if iciation sampling at plant ¥. 586 and ~ 987 provided 
additional pollutant raw waste concentration data needed to 
assess the performance of treatment technology. 

Results of the screening and verification sampling are 
tabulated in Table 24-10 for toxic pollutants and 24-15 for 
conventional and nonconventional pollutants for the raw process 
waste streams. The pollutant concentration listed under 
verification is the highest value observed during sampling at 
the two plants visited. 

Toxic pollutants are listed based on their presence, during 
sampling, at treatable concentration levels. Pollutants from 
this list were copsidered as candidates for regulation if their 
concentration appeared at least to equal or exceed the lowest 
level estimated as treatable using any available technology 
appropriate for their removal. 

The relative significance of the.candidate pollutants was 
estimated based on the total annual raw waste load for each 
pollutant which appears in a Table in Section 24.3.3. The total 
annual load is based on the average concentration observed 
during screening and verification which is tabulated in 
Table 24-9 in addition to the estimated annual production of 
98,000 kkg of product for the industry. 

Specific numerical effluent loading limitations were 
proposed only for those candidate pollutants which appeared at 
average concentration levels (Table 24-8) considered to be 
treatable for at least one plant visited during sampling. 

On the basis of concentration and total annual raw waste 
loads determined during sampling, ch~omium, zinc, copper, 
nickel, lead, antimony and mercury have been identified at 
significant concentration levels in the raw waste stream and are 
also candidates for regulation. These toxic pollutants are 
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listed in order of their relative significance with regard to 
decreasing raw waste concentration. 

In view of the treatment technology currently practiced and 
the related nature of the candidate pollutants, control of the 
more significant pollutants should ensure adequate control of 
those metals which may occasionally appear at treatable levels. 

The Agency is conducting treatability studies using Level 1 
(BPT) technology on typical raw waste water from the sodium 
bisulfite industry. In conjunction with this work, use of the 
standard iodide-iodate test for sulfite is being evaluated for 
possible application in effluent monitor] ng. The results of 
these studies will be available prior to promulgation. 

Basis of Pollutant Limitations 

Conventional and ,nonconventional parameters 

A. pH: The treated effluent is to be controlled within 
the range of 6.0 to 9.0. This limitation is based on the data 
presented in Appendix B of this report and the JRB Study (52). 

B. TSS and COD: The verification sampling data presented 
in Table 24-15 was used for the development of total suspended 
solids (TSS) and Chemical Oxygen Demand (COD) limitations. Data 
from Plant 4'987 was used since this plant is the only one 
available where the effect of BPT technology could be clearly 
observed. Plants f282 and 41586 were excluded from consideration 
as previously discussed in Section 24.7.2. 

The estimated 30-day average concentration was used for 
both TSS and COD in conjunction with the model plant flow to 
establish the regulations in Table 24-16. The mass load 
limitation is determined from the pollutant concentration, C, as 
follows: 

L = C ras mg/1) (Q) 
1000 

Where L is the effluent limitation expressed as a unit 
loading in kg of pollutant per kkg of product (kg/kkg) , ano 
Q is the flow rate expressed as cubic meters per kkg of 
product (m3/kkg). (Note: kg/m3 = 1000 mg/1.) 

In view of the lack of long term plant performance data for 
all pollutants of concern, a variability factor ratio (VFR) 
is estimated based on data from other subcategories with 
similar pollutants. The VFR is ~equired to determine the 
24-hour maximum limitation by the following relationship: 
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TABLE 24-16. I?OOPOSED LIMITATICNS 

SOD!Wi BISULFITE 

Best Practicable Control Technology currently Available (6) 

Waste Water FlcM: 1. 5 m3 /kkg 

Pollutant 

calcentraticn Basis 
VFR(l)~,LJ) .. 

3d"~y 24-hr 

Effluent Limit 
(kgjkkg) 

3~y 24-hr 
Avg Max .-Avg Max 

Ccnventialal and nonc::onventional 

Pollutants: 

=s~ 
01emical Oxygen 

Demand, roo (6) 

ToXic 
Pollutants: 

Ou:anium(6) 

zinc(6) 

Copper (6) 

Iead(6) 

Nickel(6) 

M!rcuey 

1\nt:inaly 

22 

680 

0.11 <4> 

o.5o-<3> 

0.50 (3) 

0.30 (3) 

0.20.(3) 

0.010(4) 

0.8o<3> 

3.6 22 79 

3.6 680 2400 

1.9 0.11 0.21 

1.9 0.50 0.95 

1.9 0.50 0.95 

1.9 0.30 0.57 

1.9 0.20 0.38 

1.9 0.010 0.02 

1.9 0.80 1.5 

0.033 

1.0 

0.00017 

0.00075 

0.00075 

0.00045 

0.00030 
_(7) 

(7) 

(l)- VFR: ratio of the 24 hour variability factor to the 
3D-day variability factor. 

(2)- Based on verification data in Table 24-15. 

(3)- 'lhe lower limit of literature treatability estimate 
(Table 8-11) is used as the basis for the 30-day 
average limitatioo when the observed average 
of the sarrpling data is belCM this level. 

(4)- Avera138 effluent concentration fl:an screening 
and verification san¢ing data. 

(5)- Also proposed for NSPS regulations. 

(6)"- Also proposed for NSPS, BAT, PSFS, and l?SNS regulations. 

(7)- N::l effluent limitaticn proposed. 
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0.12 

3.7 

0.00032 

0.0014 

0.0014 

0.00086 

0.00057 
___{7) 
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24-hr maximum = (30-day average) (VFR} 

Where the VFR is the ratio of the variability factor for 
daily (24-hr} measurements to the variability factor for 30-day 
averages. The VFR selected for use in the Sodium Bisulfite 
subcategory is 3. 6 for the TSS and COD based on the 30-day 
average and daily maximum variability factors for TSS in the 
Titanium Dioxide Subcategory long-term data (Table A-9a-l and A-
9c-l in Appendix A). Justification for the use of performance 
data from the Ti02 industry rests on the fact that a similar TSS 
removal technology is applied and the effluent concentrations 
are similar to those observed in the Sodium Bisulfite industry 
(Table 24-15} • In view of the intermittent discharge of raw 
process waste in the Sodium Bisulfite Subcategory, a high VFR is 
anticipated which is consistent with the value selected. 

The maximum 30-day average concentration for TSS'developed 
from the verification sampling data is 22 mg/1 (Table 24-15} • 
The proposed limitation is determined as follows: 

(22 mg/1} (1.5 m3/kkg}( kg/m3 \= 0.033 kg/kkg 
\.1000 mg/Y 

The proposed 24-hour maximum - limitation for TSS then 
becomes: 

(0.033 kg/kkg) (3.6} = 0.12 kg/kkg 

The 30-day average concentration for COD develope9 from the 
verification sampling data is 680 mg/1 (Table 24-15} • The 
proposed maximum 30-day average limitation is determined 
similarly: 

(680 mg/1} (1.5 m3/kkg) ( kg/m3 \= 1.0 kg/kkg 
1000 mg/l) 

The proposed 24-hour maximum limitation for COD then 
becomes: 

( 1. 0 kg/kkg) ( 3. 6) = 3. 6 kg/kkg 

The proposed limitations are summarAzed in Table 24-16. 

Toxic pollutants 

The proposed effluent limitations ,'for the selected toxic 
pollutant control parameters are base·d , on ·three information 
sources including: 1} screening and. verification data 2} 
literature based treatability estimates (Sectl.on 8.1}, and 3) 
long term monitoring data for the Titanium Dioxide Subcategory. 
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The sampling data tabulated in Table 24-10 for the treated 
effluent at Plant ¥.987 and f.586 is used to determine the 
estimated plant performance in the subcategory. Review of the 
data and comparison with Table 8-11 for alkaline precipitation 
and settling, reveals that all toxic pollutants of concern are 
currently treated below the generally accepted limits of 
treatability. The lower limits of treatability from literature 
data in Table 8-11 are therefore used for the purpose of 
regulation development. 

The variability factor ratio (VFR) was estimated for the 
toxic pollutants in a similar manner as previously discussed for 
TSS and COD. The VFR is estimated from the Titanium Dioxide 
Subcategory long term monitoring data for chromium and zinc 
since these control parameters are of the greatest concern. The 
data in Tables A-9a-l and A-9c-l indicate a VFR of J.9 which is 
used for the purpose of regulation development for the toxic 
pollutants, because the treatment technologies are similar. 

The basis for determining the proposed BPT limitations 
presented in Table 24-16 for each of the toxic pollutant metals 
is as follows: 

A. Chromium: The raw waste concentration of chromium 
varied between 1.3 and 2.6 mg/1 at Plant f,586 and f987 
respectively, and was observed as high as 3.4 mg/1 (Table 24-8). 
BPT treatment performance indicated that chromium is currently 
removed to an average concentration of 0.11 mg/1 (Table 24-10). 
The concentration of 0.11 mg/1 has been selected as the basis 
for the proposed maximum 30-day average limitation which is 
obtained as follows: 

(0.11 mg/1) (1.5 m3/kkg)(_ kg/m3 '\= 0.00017 kg/kkg, 
\IOOO mg/i) 

and the propsed 24-hour maximum limitation is: 

(0.00017 kg/kkg) (1.9) = 0.00032 kg/kkg 

The proposed +imitations are tabulated in Table 24-16. 

B. Zinc: The raw waste concentration of zinc varied 
between 0.5 and 2.5 mg/1, and was observed on one occasion as 
high as 3.6 mg/1 (Table 24-8). BPT treatment performance 
indicates that zinc is currently removed to a concentration of 
0.01 mg/1 (Table 2~-10). The literature treatability value of 
0.5 mg/1 from Table 8-11 has been selected for the purpose of 
regulation. The proposed maximum 30-day average limitation is 
determined as follows: 
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(0.50 mg/1) (1.5 m3/kkg)~ kg/m3 ) = 0.0007~ kg/kkg 
\(1000 mg/1 

The 24-hour maximum limitation is then: 

(0.00075 kg/kkg) (1.9) = 0.0014 kg/kkg 

c. Copper: The raw waste concentration of copper varied 
between 0.02 and 0.74 mg/1, and was observed on one occasion as 
high as 0.93 mg/1 (Table 24-8). BPT treatment performance data 
reveals that copper is currently removed to a concentration of 
0.27 mg/1 (Table 24-10) compared with 0.5 mg/1 (Table 8-11) 
reported in the literature for similar treatment. The higher 
value of 0.5 mg/1 from the literature is conservatively selected 
as the basis for determining the maximum 30-day average 
limitation as follows: 

(0.5 mg/1) (1.5 m3/kkg)(_ kg/m3 \= 0.00075 kg/kkg 
\Iooo mg/il 

The corresponding 24-hour maximum limitation is then: 

(0.00075 kg/kkg) (1.9) = 0.0014 kg/kkg 

D. Lead: The raw waste concentration of lead varied 
between 0.003 and 0.66 mg/1, and on one occasion as high as 1.05 
mg/1 (Table 24-8). The BPT treatment performance data reveals 
that lead is currently removed to a concentration of 0.15 mg/1 
(Table 24-10) compared with 0.30 mg/1 reported in the 
literature (Table 8-11) for similar treatment. The higher value 
of 0. 30 mg/1 is conservatively used to determine the maximum 
30-day average concentration as follows: 

(0.30 mg/1) (1.5 m3/kkg)(_ kg/m3 \ = 
\1.000 mg/lJ 

0.00045 

The 24-hour maximum limitation is then: 

(0.00045 kg/kkg) (1.9) = 0.00086 kg/kkg 

E. Nickel: The raw waste concentration of nickel varied 
between 0.01 and 0.46 mg/1 which was the highest concentration 
observed (Table 24-8) • The BPT treatment performance data 
reveals that nickel is currently removed to a concentration of 
0.05 mg/1 (Table 24-10) compared with 0.2 mg/1 reported in the 
literature (Table 8-11) for similar treatment. The higher value 
of 0.2 mg/1 is conservatively used to determine the maximum 30-
day average limitation as follows: 
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(0.20 mg/1) (1.5 m3/kkg)( kg/m3) = 0.0003 kg/kkg, 
1000 mg/1 

and the proposed 24-hour maximum limitation is then: 

(0.0003 kg/kkg) (1.9) = 0.00057 kg/kkg 

F. Other Metals: The concentration bases for mercury and 
antimony are also presented in Table 24-16. These are intenoed 
to serve as guidance in cases where these pollutants are found 
to be of water quality concern. 

24.7.3 Basis for Proposed BCT Eff1uent Limitations 

The BCT limitation (applicable only to TSS) was set equal 
to BPT because BAT is equal to BPT. 

24.7.4 Basis for Proposed BAT Eff1uent Limitations 

The App1ication of Advanced Leve1 Treatment 

The Agency has analyzed the cost effectiveness of the base 
level systems (BPT) and the various advanced level options for 
conventional and toxic pollutant removal based on the cost 
estimates presented in this report. The regulations being 
proposed for BAT consist of Level 1 or BPT treatment. The 
removal of additional pollutants by Levels 2 and 3 treatment 
systems is not sufficient to offset the additional cost to 
install and operate these advanced treatment systems. 

Techno1ogy Basis 

The proposed BAT treatment system is the same as that 
described for BPT in Section 24.7.2. 

F1ow Basis 

The model plant flow developed for BPT treatment applies 
also to BAT in the development of the regulations. Therefore 
the value of 1.5 m3/kkg of product is used for the unit flow. 

Se1ection of Po11utants to be Regu1ated 

For the BAT regulations, the Agency proposes the regulation 
of COD and the same five toxic met,als considered for BPT 
limitations listed in Table 24-16. 
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Basis of Pollutant Limitations 

Nonconventional pollutants The only nonconventional 
pollutant is COD in the Sodium Bisulfite subcategoy. Since BAT 
has been set equal to BPT by the Agency, the proposed limitation 
is then identical to BPT for COD. Refer to Table 24-16 for the 
proposed BAT regulations. 

Toxic pollutants - The Agency proposes limitations on 
chromium, zinc, copper, lead, and nickel which equal those for 
BPT. Refer to Section 24.7. 2 for the development of these 
limitations. Tables 24-17 and 24-18 are provided for comparative 
purposes with more advanced levels of treatment. 

24.7.5 Basis for Proposed New Source Performance Standards 

The NSPS limitations (applicable to pH, TSS, COD and five 
toxic metals) was set equal to BAT for toxic pollutants and 
nonconventional and BPT for conventional pollutants. Table 24-
16 for the BPT and BAT limitations would be identical in all 
respects with NSPS limitations. Refer to Section 24.7.2 for the 
development of the regulations. 

24.7.6 Basis for Proposed Pretreatment Standards 

Exisiting Sources 

The Agency is proposing limitatjons based on BAT treatment 
technology for Pretreatment Standards for Existing Sources 
(PSES). The pollutants to be limited are COD, chromium, zinc, 
copper, lead and nickel as indicated in Table 24-16. 

New Sources 

For Pretreatment Standards for New Sources (PSNS) , the 
Agency is proposing limitations based on PSES. 
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TABLE 24-17. PERFORMANCE OF .ALTERNATIVE TECHNOLOGY 

SODIUM BISULFITE 

Level of Treatment: 2 

Waste Water Flow: 1. 5 m3 jkkg 

Concentration Basis 
Pollutant Treatability 

(mg/1) 
VFR(l) _____ i~L!l ______ _ 

Conventional and nonconventional 
Pollutants: 

Total Suspended 
Solids, TSS 

Chemical Oxygen 
Demand, COD 

Toxic 
Pollutants: 

Chraniurn 

Zinc 
Copper 

Iead 

Nickel 

Mercury 

Antilrony 

15 

100 

0.050 

0.40 

0.10 

0.060 

0.10 

0.010 

0.40 

3.6 

3.6 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

Max 
30-day 

Avg 

15 

100 

0.050 

0.40 

0.10 

0.060 

0.10 

0.010 

0.40 

(1) - VFR: ratio of the 24-hour variabi1i ty factor to the 
30-day variability factor. 
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24-hr 
Max 

54 

360 

0.095 

0.76 

0.19 

0.11 

0.19 

0.019 

0.76 



TABlE 24-18. PERFORMANCE OF ALTERNATIVE TECHNOI.DGY 

SODIU!-1 BISULFITE 

Level of Treatment: 3 
Waste Water Flovv: 1. 5 m3 /kkg 

Concentration Limit 

Pollutant Treatability 
(mg/1) 

Conventional and nonconventional 
Pollutants: -

Total SUspended 
Solids, TSS 

Chemical Oxygen 
Demand, COD 

Toxic 
Pollutants : 

Chromium 

Zinc 

Copper 

Lead 

-Nickel 

Mercury 

Antirrony 

15 

100 

0.050 

0.20 

0.050 

0.10 

0.10 

0.010 

0.40 

VFR (1) 

3.6 

3.6 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

____ i~L!l ______ _ 
!).'lax 

30-day 24-hr 
Avg Max 

15 

100 

0.050 0.095 

0.020 0.38 

0.050 0.095 

0.050 0.19 

0.050 0.19 

0.010 0.019 

0.40 0.76 

(1) - VFR: ratio of the 24-hour variability factor to the 
30-day variability factor. 
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SECTION 25 

SODIUM HYDROSULFITE INDUSTRY 

25.1 INDUSTRY PROFILE 

25.1.1 General Description 

Most of the sodium hydrosulfite produced in the U.S. is 
sold in the merchant market. Sodium hydrosulfite is used 
extensively in dyeing cotton and in the printing industry. It 
is a powerful reducing agent and is used in wood pulp bleaching, 
and stripping operations in the food, vegetable oil and soap 
industries. 

The industry profile data are presented in Table 25-1, while 
status of regulations are summarized in Table 25-2. 

25.1.2 General Process Description and Raw Materials 

In the formate process, sodium hydrosulfite is produced by 
reacting sodium formate solution, sodium hydroxide solution and 
liquid sulfur dioxide in the presence of a recycled stream of 
methanol solvent. The general reaction is: 

HC02Na + 3NaOH + 3S02 = Na2S204 + NaHC03 + Na2S03 
+ CO + 2H20 (1) 

The operation occurs in several steps: 

l. An aqueous solution of sodium formate is prepared and 
introduced into the reactor. 

2. The recycled· stream of methanol containing sulfur 
dioxide is introduced into the reactor. 

3. The sodium hydroxide and 
solutions,liquid sulfur dioxide, and 
are then contacted under pressure at 
temperatures. 
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SODIUM HYDROSULFITE (FO~ PROCESS) 

Total sub:ategory capacity rate 

'lbtal subcategory pl:Oduction rate 

Nuni:>er of plants in this sub:ategory 

308 Data on file for 

With total capacity of 

With total pl:Oduction of 

Representing capacity 

Representing production 

Plant production rcm.;re: 

Minimum 

Max:lm.nn 

Average production 

Median production 

Average capacity utilization 

Plant age range: 

Minimum 

Maxi.trun 

Wastewater flow rcm.;re: 

Min:imlm 

Max:imJm 

Volume per l.Ulit product: 

M.in:imJm 

Max:irruu 

401340 kkg/year 

391 940 kkg/year 

2 

1.. 

201450 kkg/year 

20 1 450 kkg/year 

so percent 

51 percent 

NA 

NA 

NA 
NA 

100 percent 

NA 

NA 

273 cubic meters/day 

NA 

NA 

4. 68 cubic meters/kkg 
NA 

NA 

Sources of data are Stanford Research Institute, Directory of Chemical 
Pl:Oducers, u.s.A., 1977, u.s. Dep3rt:ment of canrerce, current Industrial 
Rep:)rts, Dec:E!I100r 1977; Energy and Environmental Analysis, Inc.; Draft 
Rep:)rt, "PrelJminary Eoonanic Assessnent of Effluent Limitations in the 
I:norganic Chemical Industry," Jt.me, 1978 and "Ec:onomic Analys~s of Proposed 
Revised Effluent Guidelines and Standards for the Inorganic Chemicals Industzy 1 " 

M:!.rch, l9 80. 

NA = Not Available 
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TABLE 25-2. STATUS OF REX;UIATICNS - EF.FLUENT LIMITATICN GCIDELINES 

stJl3CATEGORY SOdium Hydrosulfite 

SUBP.ARI' BE (40 CFR 415.570, 5/22/75) 

STANDARDS 

BPC'!O\ BATEA NSPS 
Max.l Avq.2 Max. Avq. Max. Avq. 

Product Para- kg/kkg kg/kkg kg/kkg kg/kkg kg/kkg kg/kkg 
PJ:ccess meters (mg/1) (rcg/1) (rcg/1) (m;/1) (trq/1) (mg/1) 

SOdium 
Hydro-
SUlfite Reserved Reserved Reserved Reserved 

~. = Maximum of any one day. 
2Avg. = Average of dally values for thirty consecutive days. 
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Sodium hydrosulfite then precipitates and forms a slurry 
in the reactor. The by-product, sodium sulfite, and 
sodium bicarbonate ano carbon monoxide gas are formed. 

There is a small amount of methyl formate produced in the 
reactor as a side reaction between the sod1um formate and 
methanol: 

HC02Na + CH30H = HC02CH3 + NaOH (2) 

This side reaction product remains in the recycling 
methanol during the entire process. As a result, some of the 
methanol must be periodically purged from the recycle system 
to avoid excessive buildup of this impurity. 

The resulting slurry of sodium hydrosulfite in the 
solution of methanol, methyl formate, and by-products is 
sent to a pressurized filter operation which recovers the 
crystals of sodium hydrosulfite. The crystals are dried in a 
steam heated rotary drier, recovered and packaged. The 
filtrate and backwash liquors from the filter operation are 
sent to the solvent recovery system as is the vaporized 
methanol from. the drying operation. The drying of the sodium 
hydrosulfite filter cake must be done very carefully as it is 
heat sensitive and tends to decompose to sulfite. 

A general process flow diagram for Plant :ft672 can be 
found in Figure 25-1, as is typical for this subcategory. 

25. 2 WATER USE AND WASTE SOURCE CHARACTERISTICS 

25.2.1 Water Use 

Water is used in the process as make up for the reaction 
solutions and for steam generation in the rotary dryers. Water 
is also used for noncontact cooling in the reactor gas vent 
scrubbers and dryers, as well as pump seals and washoowns, and 
as dilution water in the waste water treatment system to 
assist in biological oxidation of organic materials. 

25.2.2 Waste Sources 

A. The strongest process waste is the aqueous residue 
from the distillation column bottoms (solvent recovery system) • 
This waste contains concentrated reaction by-products and is 
purged from the system at a rate of approximately 14,000 
gallons per day. At Plant f672, this wa9te is sent to a by
product pond where it is held and either sold to the pulp and 
paper industry or bled into the treatment system. 
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Figure 25-1. General process flow diagram at plant #672. 
(Soclimn hydrosulfite manufacture.) 
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B. The dilute wastes from process are contributed by 
leaks, spills, washdowns, and tank car washing. At Plant.¥.672, 
this is collected in a sump and then sent to the biological 
treatment system. 

C. Cooling tower and boiler blowdown constitute a 
noncontaminated waste water souce. This is sent to the final 
compartment of the chlorine contact tank without treatment, for 
discharge with the combined effluent of the treatment plant. 

D. The vent gas scrubbers create a waste water source 
which is sent to the methanol recovery stills for recycle. At 
Plant ~672, this waste eventually goes to the by-product pond 
with the distillation column bottoms. 

Table 25-3 presents the unit flows for the three primary 
sources of process waste water which contribute to the pollutant 
load. 

E. Solid wastes currently are generated in the activated 
sludge waste treatment system. An estimated 2,400 gallons of 
biological sludge are discharged per day to an on-site drying 
bed. Application of more stringent waste treatment of toxic 
pollutants is estimated to generate an additional 6 kg/kkg of 
product of solid waste which must be disposed of at an approved 
site. 

25.3 DESCRIPTION OF PLANTS VISITED AND SAMPLED 

25.3.1 Screening and Verification 

The only plant visited during the sampling program was 
Plant ¥672, where verification sampling procedures were used. ' 
Plant #672 is one of two plants that currently utilize the 
formate process in the sodium hydrosulfi te subcategory. An 
evaluation of plants that currently utilize the zinc process 
for sodium hydrosulfi te manufacture has been deferred to a 
later phase of regulation development by the Agency. 

Data from Plant ¥672 can be considered representative of 
this process for both plants, since the other plant in this 
subcategory has an identical, though slightly smaller, 
production process. However, the second plant has a different 
waste treatment system. It also receives large loadings of 
waste from several other products. Because of this the plant is 
considered non-representative of the hydrosulfi te process and 
visits were limited to Plant f.672 for this reason. 
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TABLE 25-3. WASTE SOURCE DATA AT PLANT #672 

WASTE SOURCE 

Dilute Waste (spills, etc.) 

Dilution Water (contact) 

By-product Waste 

'Ibtal 

1.95 

1. 75 

0.95 

4.65 

(Basis of flow for m:xlel plant and regulation developrent) 
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A general flow diagram of Plant f672 showing process waste 
sources and sampling points is shown in Figure 25-2. The 
sources of waste water for each sampling point are as follows: 

1. By-product pond. 

2. Dilute waste from sodium hydrosulfite process area and 
sumps. 

3. Combined influent to treatment. This point collects 
waste from points 1 and 2, plus the sodium bisulfite 
waste stream. 

4. Treated effluent at the outfall. 

At the time screening sampling was conclucted at Plant 
#672, none of the by-product waste water was being sent to the 
biological treatment system. As a result, the sodium 
hydrosulfite process waste being treated was from the dilute 
waste area only. 

Table 25-4 presents the results of the conventional and 
nonconventional pollutant concentrations and unit loads for each 
of the streams sampled. The results are based on three 24-hour 
composite samples. It should be noted that sampling was done 
during a time when no by-product waste was entering streams 3 
and 4. The unit flow indicated is the estimated flow observed 
during sampling. 

25.3.2 Toxic Pollutant Concentrations 

Toxic pollutants were identified in the raw process waste 
stream at Plant 4:672. The following toxic pollutants were found 
at detectable concentration levels. 
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TABLE 25-4. FI.J:1iJ, POLLurANT CONCENTRATION, AND LOAD DATA OF THE SAMPLED 
WASTE STREAMS FOR PLANT #672 PRODUCING SODIUM HYDROSULFITE 

Flow TSS COD 
stream 

(m3jkkg) Designation Description (mg/1) (kg/kkg) (mg/1) (kg/kkg) 

1 By-product 0.95 61 0.058 78,000 74 

2 Dilute Waste 1.95 260 0.51 15,000 29 

3 Dilute Waste and 
16, ooo (J.L 32 SBS Waste 2.05 840 1.7 

4 Final Discharge 4.87 25 0.12 740(l) __ 3.6 

(1) Value is that observed during sampling which may differ significa,ntly 
if the by-product stream is contributing. 
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Maximum Raw Waste Concentrations Observed 
(pg/1) 

Pollutant 

Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Nickel 
Silver 
Zinc 
Pentachlorophenol 
Phenol 
Cyanide 
Mercury 
Selenium 

Verification 
Plant #672 

7(} 
43 

9300 
1500 
1300 
1700 

130 
27000 

580 
170 
100 

28 
34 

Two toxic organic pollutants, pentachlorophenol and 
phenol, were identified at low, but detectable, concentration 
levels. The raw process materials, including sodium fDrmate and 
methanol, are likely sources. The sodium formate currently used 
in the process is a by-product from an unrelated organic 
chemicals process which may contain the organic impurities. 
Methanol is also a suspect source of organic impurities in view 
of the difficulty involved ·with its purification and high degree 
of solubility with pentachlorophenol. Also possible is 
coincidental formation of pentachlorophenol in the process due 
to the presence of specific chlorinated hydrocarbons under 
conditions conducive to its development. 

Section 5.1.2 of this report describes the methodology of 
the scre~ning and verification sampling program. In the sodium 
hydrosulfite industry, a total of 3 days of sampling were 
conducted ·at Plant ¥.672. Three 24-hour composite samples were 
taken at four different sampling points. The sampling involved 
169 analytical data points for the toxic inorganic pollutants 
and 387 additional points for the toxic organic pollutants.· 
The daily raw waste loads were calculated from the waste stream 
flow rates measured or estimated at the time of sampling and 
the measured pollutant concentration. 

That is, 

Daily loading (as kg of pollutant 
per day) 
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Where: 

C is the concentration of the pollutant expressed in units 
of mg/1 (Note: kg/m3 = 1000 mg/1) , and 

Q is the waste stream flow rate expressed in units of 
m3/day. (m3, a cubic meter, is equal to 264.2 u.s. 
gallons.) 

Similarly, the unit loadings were calculated from the 
reported sodium hydrosulfite production rate, the waste stream 
flow rate, and the measured pollutant concentration. 

Unit loading (as kg of pollutant 
per kkg of sodium hydrosulfite) 

= (C) (Q) 
lOOOP 

Where C and Q are the same as described above, and P is the 
sodium hydrosulfite production rate expressed in units of 
kkg/day. (kkg is 1000 kg, a metric ton, which is equal to 2205 
lbs.) 

Table 25-5 presents the average toxic pollutant 
concentrations observed during sampling for the raw and treated 
waste waters at Plant f 672. The concentration indicated is 
based on three 24-hour composite samples. Table 25-6 is a 
tabulation of the unit loadings for each of the toxic pollutants 
found at detectable levels in the raw waste water. 

The estimated total toxic pollutant raw waste 
generated each year for this subcategory were based on the 
estimated annual production of sodium hydrosulfite. The 
are as follows: 

Pollutant 

Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Nickel 
Silver 
Zinc 
Pentachlorophenol 
Phenol 
Cyanide 
Mercury 
Selenium 

Waste Load (kg/year) 

838 

4.8 
1. 3. 

22 
7.6 

40 
64 
6.4 

960 
33 
6.0 
1.56 
0.80 
1.2 

loads 
total 
loads 



TABLE 25-5. SAMPLING RESULTS AND TREATMENT SYSTEM PERFORMANCE FOR 'IDXIC 
POLLUTANTS PLANI' #672 

Pollutant 

Toxic Pollutants (3) 

Arsenic 

caCimiurn 

Chromium 

Copper 

Lead 

Nickel 

Silver 

Zinc 

Mercury 

Pentachlorophenol 

Phenol 

Cyanide 

Raw Waste Influent 
(mg/1) 

0.030 

0.036 

7.4 

1.0 

0.38 

1.4 

0.043 

5.9 

0.0030 

0.37 

0.16 

No 

WASTE STREAM 
{1) 

Treated Effluent( 2) 
, (rng/1) 

ND 

0.025 

0.035 

ND 

0.065 

0.16 

0.034 

0.034 

0.0020 

ND 

ND 

0~~0 

(1) 

(2) 

(3) 

Raw waste pollutant concentration observed during sanpling at sample 
point #3. Figure 25-2. 
Effluent pollutant concentration observed in treated discharge at 
sample point #4. 
Data is based on average of three 24-hour composite samples. Selenil.D.ll 
is not included since it was not detected in the raw waste influent 
at the time of sampling. 
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~ 
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't1&B 25-6. stMtlol'!l CF Mf H'Sl'Z l.OI'DIHaS Hll crtO!NtRtl'l'Iat !'Wil ra: A llOOtUI ~ l'tltrr 
cPD'M'aB !'RlCI!SS) 

l'OUUblnt 141 o:nblned Dilute 1!1'111 Olpxoduct W..Sto Streoonl (1) 
~13) 

(leg/day) lkglkkg) III'JIJ121 I "'.JJll 

Priority 

J\men1c 0.0067 0.00012 0.041 0.077 

Czddua 0.0019 0.000033 o.ou 0.013 

Ou:milft 0.031 0.00056 0.19 0.10 

(bpper 0.011 0.00019 0.066 0.047 

Lead 0.056 0.0010 0,35 0.86 

Nickel 0.090 0.0016 0.55 1.1 

Silver 0.0090 0.00016 0.055 0.12 

Zinc 1.4 0.024 8.3 24 
Mercury 0.011 0.000020 0.0069 0.0 

Penl:ldtl.orq;beoo 0.047 0.00083 0.29 o.o 
ltlenol 0.0084 0.00015 0.052 0.050 

Sel.eniln 0.0017 0.000030 0.01 0.032 
Ccnventialal ml NalcxlnwntiaJal 

Total SUepel:ded Solids 33 0.57 NA NA 

Cbemica1 OKygen lleuand 5700 102 NA NA 

Cyanide 0.0022 0.000039 0.013 0.0 

NA = Not l\ft>lica>le 

(11 toadJ.ngs are basel en 11011\)llng data at streams 11 and 12, Figure 25-2. 3 
121 Concentrat:ioos are based on a1loYe lOIIdlngs ILl in kg/kl<g and en obses:ved unit flcol IO) of 2.90 m /kkg !Table 25-4) 

for oamineJ Streams 11 and 12, i.e, 1 

(nq/1) s ~ C1U1) 
(3) Sant>l1ng data for the by-=product waste sl:ream. Average of tlree 24-hour oatp)Site saaples. 
14) Data is based m average of three 24-hlur a:np>Site sant>les. 



25.4 POLLUTION ABATEMENT OPTIONS 

25.4.1 Toxic Pollutants of Concern 

Although sodium hydrosulfite is being manufactured by both 
the zinc process and the formate process, the trend is away 
from the zinc process for environmental reasons. This 
discussion concerns only the formate process, using a sodium 
formate feed stock from a source which appears to contain heavy 
metal impur:ities (chromium, zinc, nickel, lead, and copper) as 
well as trace amounts of cyanide. A predominant characteristic 
of sodium hydrosulfi te wastes is their high chemical oxygen 
demand resulting from various forms of sulfite, from methyl 
formate and from residual methanol after a solvent recovery 
process. Low levels of phenolic compounds are also found in the 
raw wastes. 

25.4.2 Prevailing Control and Treatment Practices 

Due to the nature of the two primary raw waste streams, 
each one is handled differently. The dilute waste is first sent 
to a holding pond where the flow is equalizeo and the waste 
mechanically aerated. This pond also contains approximately 
1500 gallons per day of waste~from a sodium bisulfite process. 
The pond effluent is pH adjusted with sulfuric acid and se~t to 
an aeration basin. A nitrogen-phosphate fertilizer and urea 
are added to provide nutrients. Approximately 3500 gallons per 
day of sanitary waste and up to 25r900 gallons per day of clean 
dilution water are also added to the aeration basin. This basin 
formerly had mechanical aerators, but now has air diffusers 
which allow better temperature control for biological oxidation. 
The effluent from aeration goes to a clarifier. Approximately 
14,000 gallons per day of settled sludge is returned to the 
aeration basin and 2,400 gallons per day is sent to drying piles 
on site. More dilution water is added to the clarifier when 
needed for Total Dissolved Solids control. · The overflow from 
the clarifier goes to a chlorine contact tank because of the 
sanitary waste. The blowdown water from the cooling tower and 
boilers is added to the final chamber of the chlorine contact 
tank. The effluent from this unit is sent to a final.polishing 
pond for settling and equalization before discharge. 

The by--product waste from the distillation column bottoms 
is sent to a lined by-product pond at a rate of 14,000 gallons 
per day and held for one of two possible disposal methods. When 
there is a market for the by-products, the waste is concentrated 
and sold to the pulp and paper industry. At times when this is 
not possible, and the pond nears capacity, the waste is bled 
into the treatment system described above through the dilute 
waste holding pond. 
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25.4.3 Advanced Treatment Techno1ogies 

Practical technologies for controlling COD include various 
forms of mechanical and biological oxidation. For the 
relatively simple chemical oxidation of hydrosulfite to sulfate, 
intimate contact with atmospheric oxygen is effective, using 
submerged air diffusers, induced air in a circulating system or 
mechanical surface aeration. For biochemical oxidation of 
resistant organics such as formates, phenols, chlorinated 
hydrocarbons, and methanol, trickling filtration, rotating 
biological discs or variations of the activated sludge process 
can provide intimate contact between organic pollutants and the 
microbiological organisms which use them as food. 

Technologies for controlling heavy metals include alkaline 
pr~cipitation, which is effective for the common heavy metals, 
and sulfide treatment, which precipitates nickel, zinc, and 
copper, but does not increase control of chromium. Other less 
appropriate metal removal techniques have been discussed in 
Section 8. 

25. 5 SELECTION OF APPROPRIATE TECHNOLOGY AND EQUIPMENT 

25.5.1 Technologies for Different Treatment Leve1s 

A. Level 1 (BPT) Treatment system pH adjustment, 
biological oxidation, settling and chlorination are used to 
reduce COD and coliform organisms in the combined wastes, in 
accordance with existing plant practice. The flow diagram is 
shown in Figure 25-3. 

B. Level 2 (BAT) - The by-product wastes are subjected 
individually to alkaline precipitation, to remove the toxic 
heavy metals and reduce arsenic, and then are combined with the 
product wastes for biological oxidation treatment and 
chlorination, as in Level 1. 

If ari actual formate process plant employs metal-free 
sodium formate in its process there is no reason to expect heavy 
metals in the process wastes and Level 2 treatment should not be 
necessary. The flow diagram is shown in Figure 25-4. 

25.5.2 Equipment for Different Treatment Leve1s 

Equipment functions - Product waste and by-product wastes 
are received in a mixed and aerated equalizing basin, adjusted 
to a neutral pH and aerated in a four day aerated lagoon, 
including 50 percent return of underflow to· the influent. Plant 
sewage, nutrients and diluting water are added to the lagoon to 
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promote biological oxidation of COD and organics. Lagoon 
effluent is clarified, chlorinated and sent to a polishing pond 
before discharge through effluent monitoring facilities. 
Cooling tower and boiler blowdown wastes enter the system after 
chlorination, since they require no treatment except settling of 
scale and inert debris in the polishing pond. Floating aerators 
are used in the equalization basin and compressed air is 
diffused in the aerated lagoon, for mixing and introduction of 
dissolved oxygen into the mixed liquor. 

In Level 2 treatment, by-product wastes are received in a 
separate 18-hour aerated and recirculated holding tank, which is 
pumped at average daily flow •to a gravity clarifier, adding 
sufficient lime to reach a pH of JO.S. The clarifier overflow 
joins the product waste stream in the equalization basin of the 
BPT system. All features of the BPT system remain the same, 
since it was originally sized to handle--the combined wastes. 

Chemicals and handling - Sulfuric acid, lime, filter aid 
and chlorine are--chemicals commonly used in waste treatment. 
When handled in corrosion resistant equipment designed for their 
use, no unusual hazards are expected. Raw sewage and 10-10-10 
liquid fertilizer introduced into the aerated lagoon become 
thoroughly mixed and are eventually consumed in the biological 
oxidation process, constituting no threat to operating 
personnel. Chlorine, used for control of coliform bacteria, is 
received in ton containers and applied as a chlorine water 
solution using standard solution feed chlorination equipment. 
There are no unusual chemical handling problems in treating 
these wastes, provided the waste streams are kept at a neutral 
or alkaline pH. 

Separation and disposal of solids , - In the BPT system, 
waste activated sludge solids are as~umed to be dried in sludge 
beds at the site, to be used as fertilizer for plant 
landscaping. Clarifier underflow from alkaline precipitation of 
by-product waste in Level 2 is assumed to be sent to a sludge 
holding tank and dewatered at suitable intervals in a filter 
press, followed by hauling of solids to a chemical landfill. 
Filter press filtrate is returned to the holding tank for 
retreatment. 

Monitoring requirements Internal monitoring spould 
include simple field tests for pH, chlorine residual and 
settleable solids. Maintenance of the by-product stream 
clarifier at a pH of 10.5 is expected to provide control of 
heavy metals without need for routine metal analyses, but 
effluent samples should be analyzed for chromium, zinc, copper, 
nickel and lead by atomic absorption for official reporting 
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purposes, in addition to periodic COD tests for general 
evaluation of the treatment. 

25.6 TREATMENT COST ESTIMATES 

25.6.1 General Discussion 

A model plant concept was prepared for the purpose of the 
cost estimates. The specifications of the waste input 
parameters and the design of the model plant BPT level treatment 
system are based on the foregoing information presented for 
Plant f.672. 

In this subcategory, commercial fertilizer and urea are 
added to stimulate growth of the biomass employed in biological 
treatment, and not for direct reaction with a residual 
pollutant. Therefore, the chemicals used do not bear a fixed 
relationship to the plant production in units of sodium 
hydrosulfite. 

Organic solids generated in the model treatment system 
are assumed to be disposed of on land at the site, without a 
separate cost for sludge disposal. 

25.6.2 Cost Estimates 

The cost estimate of one model plant having two levels of 
treatment and the same level of production at both the levels 
is presented in Table 25-7. Table 25-8 gives a summary of the 
unit cost distribution between amortization, operation and 
maintenance cost components at two levels of treatment. 

Cost estimates developed for the first and the second 
levels of treatment indicate that labor and supervision costs 
constitute a major portion of the annual cost. This reflects 
the manpower requirements for operating the treatment systems 
on a 24-hour basis. 

25.7 BAS IS FOR REGULATIONS 

25.7.1 Evaluation of BPT Treatment Practices 

There are two plants producing sodium hydrosulfite by the 
formate process, both of which have BPT equipment in ·place and 

846 



TABLE 25-·7. MOIEL PLAN!' TRFA'IMENT CCETS 
============================================================================== 

Subcategory SODIUM HYDROSULFITE Fbnnate Process 

Production 20,450 metric tons per yeat1> (22,546 tons per year) (l) 
58 metric tons per day (64 tons per day) 

Waste water flow 273 cubic meters per day. 

A. INVES'IMENT CCET 

Construction ••••••••• 
Equipment in place, 
including piping, 
fittings, electrical 
work and controls ••••• 
Monitoring equipment 
in place •••••••••••••• 
Engineering design 
and inspection •••••••• 
Incidentals, overhead, 
fees, contingencies ••• 
I..a.nd •• •••••••••••••••• 

TOTAL INVESTMENT CCST 

B. OfERATION AND 
MAINTENAN::E CCET 

Labor and supervision. 
Energy •••••••••••••••• 
Chemicals ••••••••••••• 
Maintenance ••••••••••• 
Taxes and insurance ••• 
Residual waste 
disposal •••••.•.•••••• 
Monitoring, analysis 
and reporting ••••••••• 

TOTAL OPERATION AND 
MAINTENAN::E CCST 

C. AMCRTIZATION OF 
INVES'IMENT CCST 

TOTAL ANNUAL CCST 

(1) Based on 350-day year. 

LEVEL OF 'IRFA'IMENT {2) 

FIRST 

$51,000 

113,000 

9,000 

34,600 

34,600 
12,000 

$254,200 

$168,000 
12,000 

3,500 
24,220 
7,626 

15,000 

$230,346 

$39,405 

$269,751 

SEC~m 

$11,500 

110,200 

24,340 

24,340 
2, 400 

$172,780 

$84,000 
1,200 

18,500 
17,038 

5,183 

2,500 

7,500 

$135,.921 

$27,720 

$163,641 

(2) First level represents the base cost of treatment system. 
Other levels represent the increrrental cost above base cost. 
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TABLE 25- 8 • MODEL PLAN!' TREA'IMENT COOTS 
=====~======================================================================== 

Subcategory SODIUM HYDROSULFITE Formate Process 

-------------------------------------------------------------------------------

Annual Operation 
and Maintenance 

Annual 
hnortization 

Total Cost 

PRODUCTION FLOW 
(kkg/yr) (m3/day) 

20,450 273 

20,450 273 

20,450 273 

848 

Annual Treatment Costs ($/kkg) 

LEVEL OF 'IREA'IMENT 

FIRST SECCND THIRD FOUR'IH 

11.26 6.65 Not Applicable 

1.93 1.36 

13.19 8.00 



are meeting BPT limitations. EPA, therefore, predicts no 
imp~cts in this subcategory as a result of the BPT regulations. 

BPT technology has been specified as the technology 
presently in use at Plant ¥672. Design and cost estimates are 
based on inclusion of by-product wastes. 

An evaluation of BPT treatment practices was performed at 
Plant f.672 based on the pollutant sampling, since long-term 
monitoring data was not available for the pollutants of concern. 
Details concerning the performance evaluation calculations and 
assumptions are discussed subsequently for the pollutants of 
concern. 

Conventional and Nonconventional Pollutants 

Chemical Oxygen Demand' (COD) - At the time of sampling, the 
by-product waste (stream fl, Figure 25-2) was not flowing into 
the waste water treatment system (Stream f3, Figure 25-2). 

Review of Table 25-4 indicates that a majority of the COD 
load is contributed by the by-product waste stream. The other 
major source of COD is contributed by the dilute waste stream 
ft2. Estimates of subcategory performance are made for COD based 
on the following assumptions: 

Assumption 1: The COD load for the by-product stream must 
be included in the evaluation of the treatment system 
performance, since its contribution to the final COD load will 
have a significant influence. Therefore, it is assumed that the 
percent COD removed in the treatment system during sampling 
for the dilute waste stream would be the same percent COD 
removed for the by-product waste stream as if it had received 
treatment. 

Assumption 2: In order to estimate the COD remove0 during 
treatment in the dilute waste stream, two minor assumptions must 
also be made to account for COD contributions from the sodium 
bisulfite (SBS) and sanitary waste streams which are not 
considered sodium hydrosu*fi te process-related. It is assumed 
that the final COD concentration for the treated sodium 
bisulfite waste stream is 680 mg/1 (from Table 24-16) and 60 
mg/1 which is a conservative estimate for treated sanitary 
wastes. These assumptions are not critical since the total 
combined waste flow from these two waste sources is only 0. 3 
m3/kkg compared with 2.9 m3/kkg of other process related wastes. 

Table 25-9 is a summary of the subcategory performance 
evaluation of TSS and COD for Plant #672. The COD evaluation is 
developed in the table on the bases of the assumptions above and 
sampling information in Tabl~ 25-4. 
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TABLE 25-9. SUBCATEGORY PERFORMANCE EVALUATION SUMMARY AT PLANT #6 72 FOR 
COOVENTIONAL AND NONCOOVENTIONAL POLLUTANTS IN THE EFFLUENTS 

Effluent Waste Flow TSS (2) 
Description (m3/kkg) 

(mg/1) (kg/kkq) 

A - Dilute Waste 1.95 260 0.51 

B - Sodium Bisulfite 0.10 NA (1) NA 
waste 

C- Sanitacy Waste 0.24 NA 

D - Dilution Water l. 75 NA 

E - Boiler Blowdown 0.83 NA 

F - By-product 0.95 61 

Total Load (A+D+F) NA 

Effluent Concentration 4.87 25 

f.kxlel Plant Flow 
(A+D+F) 4.65 NA 

Concentration At 
f.kxlel Plant Flow 4.65 26 

BASIS OF LIMITATION 4.65 25 

(1) - NA Not applicable to evaluation. 

(2) - Data based on average of three 
24-hour corrposite samples. 

NA 

NA 

NA 

0.058 

NA 

NA 

NA 

NA 

NA 

COD( 2) 

(mg/1) (kgjkkg) 

1800 3.5 

680 (3) 0.068 

(3) 
60 0.014 

0 0 

0 0 

9600 9.2 

NA 13 

NA NA 

NA NA 

2700 NA 

NA 12 

(3) -Assumed value discussed in Section 25.7 .1 under CheTDica.l Oxygen Dert)a!ld~ 

850 



include pentachlorophenol, phenol, and other trace organics. 
The presence of these toxic pollutants is currently under 
investigation to: 1) determine the source of the pollutants and 
identify whether they are process related, ano 2) determine 
whether process modifications or best management practices might 
be available to eliminate their presence if they are discovered 
to be process related. 

Basis of Pollutant Limitations 

Conventional and nonconventional parameters -

A. pH: The treated effluent is to be controlled .within 
the range of 6.0 to 9.0. This limitation is based on the data 
presented in Appendix B of this report and the JRB Study (52). 

B. TSS and COD: The data presented in Table 25-9 was 
used for the development of TSS and COD limitations. The data 
presented is for Plant f672 which is the only plant in the 
subcategory where the treatment performance can be observed 
clearly. 

No long-term monitoring data is currently available to 
statistically estimate the variability factor ratio {VFR) in the 
Sodium Hydrosulfite Subcategory. Therefore, the VFR is based on 
an average value of 3.6 observed in the Titanium Dioxide 
Subcategory for the same conventional and nonconventional 
pollutants found in the Sodium Hydrosulfi te Subcategory. A 
relatively high VFR is anticipated Clue to the potential of a 
wide variation in influent waste water characteristics which is 
consistent with the value selecteo. 

The proposed maximum 30-day average COD limitation is 
estimated at 12 kg/kkg from Table 25-9 which is based on three 
24-hour composite samples. Therefore, the corresponding 24-hour 
maximum limitation may be determined f~o~ the following general 
formula: 

(30-day average concentration or = 
load) (VFR) 

Consequently, for COD: 

(12 kg/kkg) (3.6) = 43 kg/kkg 

24-hour maximum 
concentration or load 

presented in Table 25-10 as the proposed 24-hour maximum 
limitation. 

The propos,ed maximum 30-day average total suspendeCI solids 
(TSS) load limitation is determined based on 25 mg/1 observed 
during sampling, in Table 25-9, and is determined as follows: 
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A determination of acheivable effluent COD load is shown in 
the following steps beginning with an estimation of the COD 
removal efficiency in the waste treatment system. 

The observed effluent COD load is 3.6 kQ/kkg from Table 25-
4 which includes contributions from the sod1um bisulfite (SBS) 
and sanitary waste streams which are n9t process related. These 
loads are determined as follows: 

SBS load= (680 mg/1)(0.10m3/kkg) ( kg/m3 )= 0.068 kg/kkg 
1000 mg/1 

(0.10 m3/kkg from Table 25-9~ 680 mg/1 from Assumption 2 
above) 

Sanitary waste COD load = (60 mg/1) (0.24 m3/kkg) ( kg/m3 \ 
1000 mg/V 

= 0.014 kg/kkg 

(0.24 m3/kkg from Table 25-9~ 60 mg/1 from Assumption 2 
above) 

The effluent COD load contributed by the SBS and sanitary 
waste streams are subtracted from the observed load of 3. 6 
kg/kkg to obtain the actual COD load contributed by the process 
related dilute waste as follows: 

3.6 kg/kkg - (0.068 kg/kkg + 0.014 kg/kkg) = 3.5 kg/kkg 

The effluent COD load is 3.5 kg/kkg which when expressed as 
a ratio with the raw COD waste load (Assumption J) can be used to 
estimate the additional COD contributed by the by-product waste 
as follows: 

Raw COD load contributed = 29 kg/kkg from Table 25-4 
by dilute waste 

Raw COD load contributed = 74 kg/kkg from Table 25-4 
by by-product waste 

Effluent COD load of = 74 kg/kkg (3.5 kJ/kkg)= 8.9 kq/kkg 
by-product waste 29 kg kkg 

Total effluent COD load contributed by both the dilute and 
by-product waste = 

3.5 kg/kkg + 8.9 kg/kkg = 12 kg/kkg 
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The effluent load for COD is 12 kg/kkg based on the plant 
performance evaluation and sampling data. 

Total Suspended Solids (TSS) - The removal of TSS from the 
raw waste water is much more complex on a load basis. TSS 
removal must therefore be estimated on a concentration basis as 
indicated in Table 25-9. A TSS concentration of'25 mg/1 was 
observed in the treated effluent during sampling (Table 25-4) 
which is used for the purpose of regulation. 

Toxic Pollutants 

The removal of toxic pollutants in the treatment system at 
Plant #672 during sampling is indicated in Table 25-5 for.the 
purpose of evaluating plant performance. 

25.7.2 Basis for Proposed BPT Effluent Limitations 

Technology Basis 

The Agency is proposing BPT limitations for which the 
technology basis is, or is equivalent to, equalization, pH 
adjustment, aeration in a biological oxidation system, 
clarification, and chlorination before discharge of the treated 
effluent. 

Flow Basis 

The basis of flow used for the cost estimates, and as a 
basis to estimate pollutant discharge loadings for the purpose 
of regulation development, was derived from plant information 
received for Plant f. 672. Table 25-3 presents the unit flows 
from the three primary waste sources identified in the industry. 
The dilute and by-product waste waters are primarily process 
related~ whereas, the dilution water is required for proper 
operation of the biological waste treatment system. 

There are only two plants which currently use the 
formate process for the manufacture of sodium hydrosulfi te. 
The mo~el plant flow is 4.7 m3/kkg of product for the sodium 
hydrosulfite subcategory as presented in Table 25-3 and is based 
on Plant ~672 data. Plant #672 data was chosen for evaluation 
because it is not complicated by other unrelated manufacturing 
processes. 

Selection of Pollutants to be Regulated 

The proposed BPT treatment technology is directed primarily 
toward removal of TSS and COD. In addition to- these 
conventional and nonconventional pollutants, toxic organic 
pollutants were identified. These toxic organic pollutants 
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TABLE 25-10. PROPOSED LIMITATIONS 

SODIUM HYDROSULFITE 

Best Practicable Control Technology CUrrently Available 

Waste Water Flow: 4. 7 m3/kkg 

Pollutant Subcategory 
Performance 

(mg/1) 

Conventional And Nonconventional 

Pollutants: 

Total Suspended 
Solids, TSS 

Chemical Oxygen 
Demand, COD 

2600 

Concentration Basis 
VFR(l) 

3.6 25 90 

3.6 2600 9400 

(1) - VFR: ratio of the 24-hour variability factor to the 
3D-day variability factor. 

(2) - Based on subcategory performance estimates 
utilizing three 24-hour composite 
samples. 
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Effluent Limit 

~~9:~9:l ___ _ 

30-day 
Avg 

0.12 

12 

24-hr 
Max 

0.43 

43 



(25 mg/1) (4.7 m3/kkg) ( kg/m3 ) = 
1000 mg/1 

The 24-hour maximum then becomes, 

(0.12 kg/kkg) (3.6) = 0.43 kg/kkg. 

0.12 kg/kkg 

The proposed regulat~ons are presented in Table 25-10. 

Toxic organic pollutants - The 30-day average concentration 
of the toxic organic pollutants was estimated based on two 
sources including 1) verification sampling cata, and 2) 
literature based treatability estimates. 

The verification sampling results presented in Table 25-5 
for pentachlorophenol and phenol indicate that both of these 
toxic organic pollutants are currently removed to the analytical 
detection limit and are therefore excluded from further 
consideration. 

Toxic metal pollutants - The BPT treatment technology is 
not amenable to the removal of toxic metal pollutants. 
Therefore, toxic metals are excluded in the limitations, since 
the technology can not reasonably ensure their removal on a 
consistent basis. 

25.7.3 Basis for Proposed BCT Effluent Limitations 

The BCT limitation (applicable only to TSS) was set equal 
to BPT because BAt treatment does not remove additional 
conventional pollutants. 

25.7.4 Basis for Proposed BAT Effluent Limitations 

The Application of Advanced Leve1 Treatment 

The Agency has analyzed tPe cost effectiveness of the base 
level systems (BPT) and the various advanced level options for 
the removal of pollutants based on cost estimates presented in 
this report. For BAT, the Agency is proposing Level 2 
treatment. No plant has this additional technology installed 
which would ensure removal of an additional 265 pounds per year 
of toxic metals. 

Technology Basis 

The Agency is proposing BAT treatment that provides more 
stringent removal of toxic pollutants in the by-product waste 
stream by introducing alkaline precipitation with lime and 
settling prior to base level treatment (BPT) • The by-product 
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waste stream was the primary source of toxic metal pollutants 
observed during sampling. 

Flow Basis 

The unit flow used for the proposed limitations is based on 
4.7 m3/kkg of product. The estimated flow does not change for 
BPT and BAT treatment (see Section 25.7.2). 

Se1~ction of Pollutants to be Regulated 

The selection of pollutants for which specific numerical 
effluent limitations are proposed was based on an evaluation of 
raw waste sampling oata from Plant 4:672. 

Results of the sampling are tabulated in Section 25.3.2 for 
the raw process waste streams. The pollutant concentration 
listed under verification is the highest value observed during 
sampling at the plant visited. Toxic pollutants are listed 
based on their presence, during sampling, at significant 
concentration levels. Pollutants from this list were considered 
candidates for regulation if their concentration appeared at 
least once at approximately the lowest level estimated as 
treatable using any available technology appropriate for their 
removal. 

The relative significance of the candidate pollutants was 
estimated from the total annual raw waste load for each 
pollutant which appears in a table in Section 25.3.2. The 
total annual load is based on the average concentration observed 
during verification sampling which is tabulated in Table 25-
6 in addition to the estimated annual production of 39,940 kkg 
of product for the industry. 

Specific numerical effluent loading limitations were 
proposed only for those candidate pollutants which appeared at 
average concentration levels {Table 25-6) also considered to be 
treatable. · 

On the basis of concentration and total annual raw waste 
loads, zinc, nickel, lead, chromium, and copper have been 
identified at significant levels in the raw wast.e stream and are 
also candidates for regulation. These toxic pollutants are 
listed in order of their relative significance with regard to 
pollution potential. The pollutants arsenic, cadmium, silver, 
cyanide, mercury, and selenium were not regulated because they 
either did not appear during sampling or were observed at 
concentration levels not considered treatable. 
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Basis of Pollutant Limitations 

Nonconventional pollutants The only nonconventional 
pollutant selected for the proposed limitations is COD. In view 
of the ~reposed technology for BAT, no additional removal of COD 
is ant1cipated beyond what is already estimated for BPT. 
Section 25.7. 2 discusses the development of the proposed COD 
limitation. 

The proposed maximum 30-day average COD load limitation is 
12 kg/kkg and the 24-hour maximum is 43 kg/kkg presented in 
Table 25-11. 

Toxic pollutants - Alkaline precipitation and settling of 
the by-product waste is expected to remove the five candidate 
toxic metal pollutants to within the limits of treatability. 
Review of Table 25-5 indicates that the existing BPT treatment 
system is providing incidental removal of the toxic metals. The 
sampling data for the treated waste effluent in the table is 
used as guidance in the development of the proposed limitations. 
Table 8-11 presents the limits achievable for the toxic metal 
pollutants based on literature treatability which was used for 
the purpose of establishing the limitations. 

No long-term pollutant monitoring data is available on 
which to base the variability factor ratio (VFR) • Therefore, 
the VFR has been selected from the Titanium Dioxide Subcategory 
which exhibits similar toxic pollutant characteristics and a 
complete VFR evaluation based on long term data. Selection of 
the VFR is based on the similar toxic pollutants and treatment 
technology applied. 

The variability factor ratio (VFR) was estimated for the 
toxic pollutants in a similar manner as previously discusse4 for 
TSS and COD. The VFR is estimated from the Titanium Dioxide 
Subcategory long-term monitoring data for zinc since this 
control parameter is of greatest concern. The data in Tables 
A-9a-l and A-9c-l indicate a VFR of 2.1 which is used for the 
purpose of regulation development for the toxic pollutants. 

Treatability studies are currently underway by the EPA to 
determine the removal of pollutants in BAT treatment. The 
results of the studies will be available during public comment 
period. 

A. 
product 
average 
25-6) • 

Zinc: Review of the zinc concentration in the raw by
waste stream indicates levels as high as 27 mg/1 and an 
of 24 mg/1 from three 24-hour composite samples (Table 

Literature treatability presented in Table 8-11 
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TABLE 25-11. PROPOSED LIMITATIONS 

SODIUM HYDROSULFITE 

Best Available Technology 

Waste Water Flow: 4. 7 m3 /kkg 

Concentration Basis 

Pollutant Performance 
(m:r/1) 

VFR(l) ___ i~L!l ______ _ 

Conventional And Nonconventional 

Pollutants: 

Chemical Oxygen(6) 260o(2) 
Demand, (X)D 

Toxic 

Pollutants: 

Z:inc(6) 

Nickel (6) 

Iead(6) 

Chromium (6) 

Copper(6) 

o.so<3> 

0.20 {3) 

0.3o<3> 

0.10 <3> 

o. 50 (3) 

2.1 (5) 

2.1{5) 

2.1<5> 

2.1 (5) 

2.1 {S) 

Max 
30-day 
Avg 

2600 

0.50 

0.20 

0.30 

0.10 

0.50 

24-hr 
Max 

9400 

1.05 

0.42 

0.63 

0.21 

1.05 

(1) - VFR: ratio of the 24-hour variability factor to the 
30-day variability factor. 

(2) - Based on subcategory perfonnance estimates 
utilizing three 24-hour composite 
samples. 

Effluent Limit 
___ Q~g~gl ___ _ 

Max 24-hr 
30-day Max 
Avg 

],2 43 

0.0024 0.0050 

0.00094 0.0020 

0.0014 0.0029 

0.00047 0.00099 
(4) (4) 

(3) - The lower limit of the literature treatability estimate is used as the 
basis for the 30-day average limitation when the observed average of 
the sa:rrpling data are below this level. 

(4) -No effluent limitation proposed at this time. 

(5) -Based on Titanium Dioxide Subcategory long-term monitor:ing data for 
similar toxic pollutants. 

( 6) - Also applicable for pretreatrren.t standards for existing sources PSFS 
limitations, which are expressed as concentrations only. 

858 



indicates an achievable concentration of 0.50 mg/1 for alkaline 
precipitation and settling. The proposed maximum 30-day 
limitation is developed as follows: 

(0.50 mg/1) (4.7 m3/kkg) ( kg/m3 \ = 
1000 mg/i) 

0.0024 kg/kkg 

The 24-hour maximum· limitation is developed by the 
following relationship: 

24-hour maximum loading 
or concentration 

= (VFR) (30-day average loading 
or concentration) 

The VFR selected for the purpose of the limitations is 2.1 
from the data developed in the Titanium Dioxide Subcategory 
(Tables A-9a-l and A-9c-l). Therefore, the proposed daily or 
24-hour maximum is: 

(2.1) (0.0024 kg/kkg) = 0.0050 kg/kkg 

The limitations are presented in Table 25-11. 

B. Nickel: The concentration of nickel was observed as 
high as 1.7 mg/1 in the raw by-product waste stream and averaged 
1.1 mg/1 in the three 24-hour composite samples (Table 25-6) . 
Literature treatability presented in Table 8-11 indicates an 
estimated achievable concentration of 0.2 mg/1 which is used for 
the proposed maximum 30-day average concentration. The 30-day 
limitation becomes: 

· (0.2 mg/1) (4.7 m3/kkg) ( kg/m3 ) 
1000 mg/1 

The 24-hour maximum is then: 

= 

(2.1) (0.00094 kg/kkg) = 0.0020 kg/kkg 

0.00094 kg/kkg 

c. Lead: The concentration of lead.was observed as high 
as 1.3 mg/1 in the raw by-product waste stream and averaged 0.86 
mg/1 1n the three 24-hour composite samples. Literature 
treatability presented in Table 8-11 indicates an achievable 
concentration of 0.30 mg/1 for alkaline prcipitation and 
settling. Therefore, the proposed maximum 30-day average 
limitation is: 

(0.30 mg/1) (4.7 m3/kkg) ( kg/m3 ) = 
1000 mg/1 

The 24-hour maximum is the~: 
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(2.1) (0.0014 kg/kkg) = 0.0029 kg/kkg 

D. Chromium: The concentration of chromium was observed 
as high as 9. 3 mg/1 in the raw by-product waste stream and 
averaged 0.10 mg/1 in the three 24-hour composite samples (Table 
25-6). Literature treatability presented in Table 8-11 
indicates an achievable concentration of 0.10 mg/1 for alkaline/ 
precipitation and settling. Therefore, the proposed maximum 30-
day average limitation is: 

(0.10 mg/1) (4.7 m3/kkg) ( kg/m3 ) = 
1000 mg/1 

The 24-hour maximum is then: 

0.00047 kg/kkg 

(2.1) (0.00047 kg/kkg) = 0.00099 kg/kkg 

E. Other pollutants: The concentration basis for copper 
is also presented in Table 25-11. This concentration is 
intended to serve as guidance in cases where copper is found to 
be of serious concern. 

25.7.5 Basis for Proposed New Source Performance Standards 

App1ication of Advanced Leve1 Treatment 

The advanced control and treatment technology Level 2 is 
recommended for new formate process sodium hyorosulfite 
facilities as New Source Performance Standards (NSPS). 
Therefore, the Agency is proposing limitations based on BAT 
because of the prohibitive cost associated with additional 
technology. However,. BPT technology could be used when a market 
is available for the by-product waste water that would obviate 
the need for its treatment. 

Techno1ogy Basis 

The Agency proposes treatment equal or equivalent to BAT 
treatment. BAT treatment is discussed previously in Section 
25.7.4. Since BAT treatment involves toxic metal removal in the 
by-product wastes, the Agency proposes BPT treatment in the 
absence of the by-product waste stream (i.e., if a market is 
found) • 

F1ow Basis 

A plant flow of 4. 7 m3/kkg of product is used for the 
purpose of regulation and cost estimates. The flow is identical 
for proposed BAT and BPT limitations. 
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Se1ection of Po11utants to be Regu1ated 

The primary ~ollutants of concern include TSS, COD, pH, and 
the same 7 toxic pollutants selected for BAT. If a market is 
identified for the by-product wastes, then TSS, COD, pH, 
pentachlorophenol, and phenol would be selected. 

Basis of Po11utant Limitations 

Conventional parameters 

A. pH: Control of the final effluent within the range of 
pH 6. 0 to 9. 0 is required on the basis of data presented in 
Appendix B of this report and the JRB Study (52) . 

B. TSS: There is no performance data that may be evaluated 
to determine a proposed TSS limitation. However, the TSS should 
not exceed the value proposed for the BPT limitation. NSPS 
treatment does not include a technology that would affect the 
TSS value for BPT in Section 25.7.2. Therefore, the proposed 
maximum 30-day average limitation is 0.12 kg/kkg and 0.44 kg/kkg 
for the daily maximum TSS (see Table 25-12) • 

Nonconventional pollutants The only nonconventional 
pollutant of concern is COD. NSPS treatment does not include a 
technology that would affect the COD limitation value developed 
for BPT in Section 25.7.2. Therefore, the proposed maximum 30-
day average limitation is 12 kg/kkg and 45.7 kg/kkg for the 
daily maximum COD (Table 25-12) . 

Toxic pollutants - The same 5 toxic pollutants are proposed 
for limitation as identified in Section 25.7. 4 for BAT. The 
specific numerical limitations are identical to those determined 
in Table 25-11 for BAT (Table 25-12) • 

25.7.6 Basis for Proposed Pretreatment Standards 

Existing Sources 

For Pretreatment Standards for Existinq Sources (PSES), the 
Agency is proposing limitations based on BAT. The pollutants to 
be limited at this time are COD, zinc, nickel, lead, and 
chromium (Table 25-11) • 

New Sources 

For Pretreatment Standards for New Sources (PSNS), the 
Agency is proposing limitations based on NSPS standards. 
Pollutants limited by proposed PSNS regulations are TSS, COD, 
zinc, nickel, lead, and chromium (Table 25-12). 
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TABLE 25-12. PROPOSED LIMITM'IONS 
sodium Hydrosulfite 

New Source Perforrrance Standards 
Waste Water Flow: 4. 7 m3/kkg 

Concentration Basis Effluent Limit 

Performance VFR(l) (mg/1) (kg/kkg) 
Pollutant (mg/1) 30-day 24-hr 30-0a.y 24-hr 

Avg Max Avg Max 

Conventional and Nonconventianal 

Pollutants 

Total SUspended (2) 25(2) Solids, TSS 25 3.6 90 0.12 0.~43 

Chemical Oxygen ( 3) 
2600 (2)_ Demand, COD 2600 3,6 9.4QO 12 43 

Toxic Pollutants 

Zinc(3) 0.50 2.1 0.50 1.05 0.0024 0.0050 

Nickel (3) 0.20 2.1 0.20 0.42 0.00094 0.0020 

Iead(3) 0.30 2.1 0.30 0.63 0.0014 0.0029 
Cl:u:anium ( 3) 0.10 2.1 0.10 0.21 0.00047 0.00099 
Copper(3) 0.50 2.1 0.50 1.05 

(4) (4) 

(1) VFR: Ratio of the 24-hour variability factor to the 30-day variability 
factor. 

(2) Based on proposed BPr limitations which do not differ. 

(3) Also applicable for pretreai:Irent standards for new sources PSNS limitations 

which are expressed as concentrations only. 

(4) No effluent limitations proposed at this time. 
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SECTION 26 

EXCLUDED SUBCATEGORIES 

26 .1 ALUMINUM SULFATE 

summary of Determinations 

It has been determined that no further effort will be given 
to developing revised BAT or NSPS for this subcategory. The 
basis for this recommendation is that there is a zero discharge 
regulation in effect for BAT and NSPS and it controls toxic 
pollutants. 

Production Process and Effluents 

Aluminum sulfate is produced by the reaction of bauxite ore 
with concentrated sulfuric acid. Ground ore and acid are 
reacted in a digester yielding aluminum sulfate in solution plus 
muds and insoluble wastes. The aluminum sulfate is sold as a 
solution or evaporated to produce a solid prodgqt. waste muds 
are ponded to allow settling and the clear liquor is returned to 
the process. wastes from washing and leaks are directed to the 
pond and also returned to the process. Toxic pollutants in the 
pond include zinc, copper, chromium and cadmium. (Raw waste 
water analyses for 4 plants are attached) • 

Plants 

There are 82 aluminum sulfate producing facilities in the 
industry. 

BPT Limitations 

BPT limitations were promulgated March 12, 1~7 4 ( 40 CFR 
415.20). •rhe limitations provide for zero discharge of process 
waste water except that if the pond has sufficient volume to 
hold a 10 year, 24 hour storm, the amount of water equal to the 
precipitation less the evaporation may be discharged. The water 
must have a pH of 6.0 to 9.0 and average less than 25 mg/1 of 
suspended solids. 
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~Pretreatment and NSPS Limitations 

BAT and NSPS limitations were promulgated on March 12, 1974 
(40 CFR 415.23 and 415.25). The limitations provide for zero 
discharge of process waste water except in the excess of a 25-
year, 24-hour storm. These zero discharge limitations 
adequately control the toxic pollutants. Development of 
Pretreatment Standards have been deferred to Phase II. 

26.2 AMMONIUM CHLORIDE 

summary of Determinations 

It has been determined that no further effort be given to 
developing or revising BAT, NSPS, or Pretreatment regulations 
and the subcategory is excluded under Paragrph 8 of the Consent 
Decree. The bases for this determination are: 1) only one of 
the major producers of ammonium chloride uses the Solvay 
process. Ammonium chloride is recovered as a by-product. 2) no 
toxic pollutants were found at significant concentrations in the 
waste during screening of one ammonium chloride plant. 

Production Process and Effluents 

Ammonium chloride is used in the manufacture of dry cell 
batteries, explosives, dyes, washing powder, soldering flux, 
chemical reagent, and as a medicinal additive to livestock feed. 
It is also used in pharmaceutical preparations and freezing 
mixtures. 

Ammonium chloride is produced by three methods. A major 
portion is a by-product in the manufacture of sodium carbonate 
by the Solvay process. The wastes produced are associated with 
the sodium carbonate subcategory. A second process produces 
ammonium chloride by the reaction of hydrogen chloride with 
ammonia. Discharges from this process come from crystallization 
and wet scrubber operations. 

The industry profile data for this subcategory are given in 
Table 26. 2-1·. 

Toxic Pollutants 

Data have been received on about 50 percent of the industry 
as a result of Section 308 letters. In addition, a sampling 
survey for toxic pollutants was made at one plant. The results 
of the 308 letters and the sampling survey indicate that no 
toxic pollutants are being discharged in significant quantities. 
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TABLE 26.2 - 1 SUl3CA'l'OCQRY PROFILE DATA SUMMARY 

AMMJNIUM CHLORIDE 

'Ibtal subcategory capacity rate 

'Ibtal subcategory production rate 

Number of plants in this subcategory 

308 Data on file for 
• 

With total capacity of 

With total production of 

Representing capacity 

Representing production 

Plant production range: 

Minimum 

Max.innlm 

Average production 

Median production 

Average capacity utilization 

Plant age range: 

Min:irnum 

Maximum 

waste water flow range: 

Mi.nirmlm 

Maxi.mum 

Volume per unit product: 

Min:inrum 

Maxirm.mt 

NA 

NA 

6 

3 

52 ,400 kkg/year 

29 , 800 kkg/year 

NA 

NA 

4, 600 kkg/year 

13,400 kkg/year 

NA 

NA 

NA 

17 years 

43 years 

NA 

NA 

NA 

NA 

Sources of data are Stanford Research Institute, Directory of Chemical 
Producers, U.S.A., 1977, U.S. Depart:roont of Cc:mnerce, CUrrent Industrial 
Reports, December 1977; Energy and Envil.'"Oilmeiltal Analysis, Inc.; Draft 
Report, "Preliminary Econanic Assessment of Effluent Limitations in the 
Inorganic Chemical tndustry," June, 1978 and "Economic Analysis of Proposed 

Revised Effluent Guidelines and Standards for the Inorganic Chemicals 
Industry, " March, 1980 

865 

NA= Not Available 



Ammonia was found to be the only pollutant of significance. 
Since ammonia is adequately controlled by the existing BPT 
regulation 40 CFR 415.242 this subcategory is being excluded 
under Paragraph 8 of the Consent Decree. 

Pollutants found during sampling at one plant are: 

Pollutant Concentration 

Chromium 29 11g/l (max.) 

Nickel 25 11q/l (max.) 

Zinc 29 11g/l (max.) 

Ammonia 104 mgjl (avg.) 

Status of Regulations 

Subpart X has been reserved for this subcategory. 

26.3 AMMONIUM HYDROXIDE 

Summary of Determinations 

It has been determined that no further effort be given to 
developing BPT, BAT, NSPS, and Pretreatment regulations for the 
Ammonium Hydroxide subcategory. The bases for this 
determination are 1) the process has no toxic pollutants as 
reactants, and 2) no direct process waters are discharged from 
manufacturing operations. The subcategory is excluded under 
Paragraph 8 of the Consent Decree. 

Production Processes and Effluents 

Ammonium hydroxide is used predominately as a chemical 
intermediary and reagent. It is also used in the dyeing and 
bleaching of fabrics, the production of ammonium salts and 
aniline dyes, and the extraction of alkaloids from plants. 

The most common method of ammonium hydroxide production is 
the modified Haber-Besch process, wherein hdyrogen and nitrogen 
are reacted directly over a catalyst surface to form ammonia. 
The hydroxide is formed by adding water. The only process waste 
water source is derived from equipment washing. 

The industry profile for this subcategory is given in Table 
26.3-1. 
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TABLE 26. 3-1 - SUBCATEXDRY PROFILE DATA SUMMARY 

SUBCATEOORY AMMJNIUM HYDROXIDE 

Total subcategory capacity ratE;. 

Total subcategory production rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing production 

Plant production range: 

Min:imum 

Maximum 

Average production 

Median production 

Average capacity utilization 

Plant age range: 

Min:imum 

Maximum 

waste water flow rang~: 

Minimum 

Max:i.Irum 

Volume per unit product: 

Minimum 

Maximum 

NA 

NA 

6 

41, 800 kkg/year 

17,000 kkg/year 

NA 

NA 

206 kkg/year 

9,500 kkg/year 

NA 

NA 
NA 

10 years 

26 years 

NA 

NA 

NA 

NA 

Sources of data are Stanford Research Institute, Directory of Chemical 
Producers, u.s.A. f 1977, u.s. Depa.rtrrent of o:mnerce, current Industrial 
Reports, December 1977; Energy and Envirornnental Analysis, Inc.; Draft 
Report, "Preliminary Econanic Assessrent of Effluent Limitations in the 
Inorganic Chemical IndustrY, "Jrme, 1978 and "Economic Analysis of Proposed 

Revised Effluent Guidelines and Standards for the Inorganic Chemicals 
Industry," March, 1980 
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Toxic Po11utants 

Data was received on six of seven plants as a results of 308 
letters. In addition, a sampling survey was made at one plant 
which had a potential for discharge. However, no process water· 
discharge was found at the facility. There are low volume 
discharges as a result of spills 'and washdowns. The amount 
discharged was such that a sample could not be obtained for 
analysis. 

Status of Regu1ations 

None. Because no significant quantities of toxic pollutants 
are present no further effort will be given to development of 
pretreatment regulations for this subcategory. 

26.4 BARIUM CARBONATE 

Summar¥ of Determinations 

It has been determined that no further effort be given to 
developing or rev~s~ng BPT, BAT, NSPS, and Pretreatment 
regulations for the Barium Carbonate Subcategory. The basis for 
this determination is that the small quantities of toxic 
pollutants found during screening are far below accepted 
treatability levels. 

Production Processes and Eff1uents 

Barium carbonate is used in glass manufacturing, as a flux 
in ceramics and enamelling, as an intermediate in the production 
of barium oxide and hydroxide, and as a coating for photographic 
paper. It is also used in the synthetic dyestuff industry and 
for the removal of soluble sulfate in brick manufacturing. 

Barium sulfide solution is reacted with soda ash to 
precipitate barium carbonate. The reacted solution is filtered. 
The filter cake is washed, dried, and calcined. Waste water 
results from filter cake washing, leaks and spills. The 
industry profile data for this subcategory are given in T?ble 
26.4-1. 

Toxic Po11utants 

Data has been received on about 70 percent of the industry 
as a result of Section 308 letters. In addition, a sampling 
survey for toxic pollutants was made at one plant. The results 
of the 308 letters and the sampling survey indicate that no 
toxic pollutants are being discharged in significant quantities. 
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TABLE 26.4-1 - SUBC'ATEXDBY PROFILE DATA SUMMARY 

BARIUM CARBONATE 

Total subcategory capacity rate 

Total subcategory production rate 

Number of plants in this sul:x:::a:~egory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing p:roduction 

Plant production range: 

M.irrimum 

Maxirm.ml 

Average production 

Median production 

Average capacity utilization 

Plant age range: 

Minimum 

Max:irrmt 

~te.water flow range: 

Minimum 

.Max.irm.1m 

Volume per unit product: 

Ilfuriroum 

Maximum 

NA 

NA 

7 

5 

57,000 kkg/year 

48,745 kkg/year 

NA 

NA 

158 kkg/year 

26,190 kkg/year 

NA 

NA 

NA-

9 years 

24 years 

NA 
NA 

NA 

NA 

Sources of data are Stanford Research Institute, Directory of Chemical 
Producers, U.S.A., 1977, u.s. Deparbnent of Ccmnerce, Current Industrial 
Reports, Decanber 1977; Energy ani Envil::ornnental Analysis, Inc.; Draft 
Report, "Preli:rninary Econanic Assessrent of Effluent Limitations in the 
Inorganic Chemical Irrlustry, "June, 1978 and "Economic Analysis of Proposed 
Revised Effluent Guidelines and Standards for the Inorganic Chemicals 
Industry," March, 1980 
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The maximum concentration found the raw waste load in 
sampling for this subcategory were: 

Pollutant 

Nickel 

Zinc 

Status of Regulations 

Concentration (~g/1) 

21 

68 

Subpart z has been reserved for this subcategory. 

26.5 BORAX 

Summary of Determinations 

It has been determined that no further effort will be given 
to developing revised BAT, and NSPS regulations for the Borax 
Subcategory. The basis for this determination is that existing 
BPT regulations specify zero discharge of process waste water 
pollutants to navigable waters. Development of pretreatment 
regulations is deferred to Phase II. 

Production Processes and Effluents 

Borax is produced by dissolving sodium borate ores in 
recycled mother liquors and water. The insolubles settle out in 
ponds or are removed by thickeners, and t-h-e-·~ clarified. borax 
solution (mother liquor) is fed to crystallizers where a slurry 
of borax crystals is formed. The borax is separated from the 
water by centrifugation, dried, screened and packaged. Process 
effluents are recycled with excess going to evaporation ponds or 
returned to source. 

Plants 

Three plants produce borax in the United States. All three 
practice total recycle of waste water. 

BPT Limitations 

BPT limitations were promulgated on May 22, 1975 (40 CFR 
415.272), and require no discharge of waste water pollutants to 
navigable waters. 
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BAT and NSPS Limitations 

BAT and NSPS limitations were proposed on May 22, 1975. 
They were never promulgated.· Since BPT already requires zero 
discharge, BAT and NSPS are being excluded under Paragraph 8 of 
the Consent Decree. · 

26.6 BORIC ACID 

Summary of Determinations 

It has been determined that no further effort be given to 
developing or revising BAT, NSPS, or Pretreatment regulations 
for the boric acid industry. The basis for this determination 
is that there is only one plant which manufactures boric acid 
from mined ore. There is an indication that this plant will 
discontinue operation. All other plants manufacture boric acid 
using the Trona process and have zero discharge. This 
subcategory is excluded under Paragraph 8 of the Consent Decree. 

Production Processes and Effluents 

Boric acid is manufactured by acidification of borax. It is 
used in the manufacture of chromic oxide, glazes, enamels, 
textiles, fiberglass, and heat resistant glass. It is also used 
medicinally as a mild antiseptic and in atomic power plants as a 
nuclear moderator. Process wastes may consist of excess boric 
acid liquor, waste sodium sulfate by-product liquor and 
filtration impurities. 

The industry profile data is given in Table 26.6-1. 

Toxic Pollutants 

Toxic pollutants found at significant concentrations during 
screening of one plant were: 

Pollutant 

Copper 

Thallium 

Zinc 

Bis(2-ethylhexyl) 
phthalate 

Mercury 
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Concentration (~g/1) 

340 

140 

1200 

530 
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TABLE 26.6-1 - SUBCATEGORY PROFILE DATA SUMMARY 

BORIC ACID 

'lbtal subcategory capacity rate 

'lbtal subcategory production rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing production 

Plant production range: 

Min:imum 

Maximum 

Average production 

Median production 

Average capacity utilization 

Plant age range: 

Min:imum 

Maximum 

waste water flow. range: 

Min:i.rmnn 

MaximLnn 

Volume per unit product: 

Minimum 

Maximum 

NA 

122,600 kkg/year 

3 

2 

97,500 kkg/year 

93, 850 kkg/year 

NA 

77 percent 

30,156 kkg/year 

63,694 kkg/year 

NA 

NA 

NA 

30 years 

83·years 

NA 

NA 

NA 

NA 

Sources of data are Stanfom Research Institute, Directory of Chemical 
Producers, u.s.A., 1977, u.s. Department of o:nmerce, current Industrial 
RepOrts, Decanber 1977; Energy and Environmental Analysis, Inc.; Draft 
RepOrt, "Preliminary Econanic Assessnent of Effluent Limitations in the 
In:>rganic Che:n.:Lcal Industry, "June, 1978 and "Economic Analysis of Proposed 
Revised Effluent Guidelines and Standards for the Inorganic Chemicals 
Industcy," March, 1980 

NA= Not Available 
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There is an indication that this plant will discontinue 
manufacture of boric acid. All other plants have zero discharge 
because of the use of a different process. 

Status of Regu1ations 

Subpart AB has been reserved for this subcategory. 

26.7 BROMINE 

Summary of Determinations 

It has been determined that no further effort will be given 
to developing or revising BAT, and NSPS regulations for the 
Bromine Subcategory. The basis for this recommendation is that 
existing BPT regulations specify zero discharge of process waste 
water to navigable waters. Development of pretreatment is 
deferred to Phase II. 

Production Processes and Eff1uents 

Most bromine is produced from br imes pumped from brine 
wells. A small amount (1%) is produced from brines from Searles 
Lake near Trona, California. This is not a navigable water in 
that it is 35% solids. The brine, after appropriate dilution 
and degassing is extracted by debromination with chlorine and 
steam. The steam , and bromine is condensed, separated and 
distilled to obtain bromine. The raw waste load from the 
process is the residual brine and the chloride salts formed when 
the chlorine replaces the bromine. The raw wastes are returned 
to the brine well or brine source. 

P1ants 

There are nine plant_s producing bromine in the United 
States~ all of which return their wastes to the brine source. 

BPT Limitat:ions 

Regulations were promulgated on May 22, 1975, (40 CFR 
415.292) requiring zero discharge of process waste water 
pollutants to navigable waters except that residual brine 
depleted liquor may be returned to the body of water from which 
the brine solution was originally withdrawn. In no case is the 
brine source a navigable water. The source is wells except for 
a small portion that comes from a "lake" having 35 percent 
dissolved solids. 
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BAT and NSPS Limitations 

BAT and NSPS were proposed on May 22, 1975, but never 
finalized. Since BPT already requires zero discharge, BAT and 
NSPS are being excluded under Paragraph 8 of the Consent Decree. 

26.8 CALCIUM CARBIDE 

Summary of Recommendations 

It has been determined that no additional effort be given to 
developing revised BAT and NSPS regulations for this 
subcategory. The basis for this recommendation is that BPT, BAT 
and NSPS regulations specify zero discharge of process waste 
water pollutants. Pretreatment standards will be developed 
under Phase II. 

Production Processes and Eff1uents 

Calcium carbide is manufactured by reaction of calcium oxide 
and coke. Ca1cium oxide and dried coke are reacted in a furnace 
and the product is cooled, crushed, screened, packaged and 
shipped. There are generally no process related waste waters 
except that one plant had a wet scrubber discharge. 

Pl. ant 

There are five plants producing calcium carbide. 

BPT, BAT and NSDPS Limitations 

BPT, BAT and NSPS regulations were promulgated on March 12, 
1974 (40 CFR 415.32, 415.33 and 415.35). All subparts require 
zero discharge of process waste water pollutants. It has been 
determined that the calcium carbide subcategory will be excluded 
from development of revised BAT and NSPS limitations because the 
operations are now subject to zero discharge regulations. 

26.9 CALCIUM CARBONATE 

Summary of Determinations 

It has been determined that no further effort be given to 
developing or revising BAT, NSPS, and Pretreatment regulations 
for the Calcium Carbonate Subcategory. The bas is for this 
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determination are: 1) there are only four plants manufacturing 
calcium carbonate, and 2) the small quantities of pollutants 
found during screening were at or very near detectable levels of 
analysis. This subcategory is excluded under Paragraph 8 of the 
Consent Decree. 

Production Processes and Effluents 

Calcium carbonate is manufactured both in pure and impure 
form and is used extensively in many industries. In the pure 
form, it is used in the rubber, paint, cement, paper and 
pharmaceutical industries. 

In one process slaked lime is reacted in slurry form with 
carbon dioxide. The slurry is then screened and filtered. The 
recovered product is dried, milled ~nd packaged for sale. The 
waste liquor from the filtration step is recycled or discharged, 
depending on requirements •. The coarse materials recovered from 
the screening step are discharged. 

The second process is based on waste streams from the Solvay 
process. A solution of sodium carbonate and sodium bicarbonate 
from the soda ash plant is reacted with waste calcium chloride 
liquor which has been treated through a settler. The calcium 
carbonate produced together with by-product sodium chloride and 
unreacted calcium chloride is pumped to a thickener. The 
overflow from the thickener is collected with T?lant drainage 

. streams in a sump to which soda ash finishing waste water is 
added, precipitating calcium carbonate. This mixed stream _then 
goes to waste collection. The calcium carbonate underflow is 
filtered, washed, atomized with steam, dried in a spray drier, 
collected in a particle collector and packaged for sale. 

An ul trafine grade of calcium carbonate is produced in a 
similar manner to that described above with some. additional 
polish filtering, tunnel drying and milling. At each plant the 
neutralized brine and process waste water are returned to the 
brine cavity. No process waste water is discharged. 

The industry Erofile.for this subcategory is given in-Table 
26.9-1 

Toxic Pollutants 

There are four plants producing calcium carbonate in the 
United States. One discharges to a POTW. Data has been 
received on three plants as a result of Section 308 letters. In 
addition a sampling survey for toxic pollutants was made at one 
plant which represents approximately 50% of total industry 
capacity. The results of the 308 letters and the sampling 
survey indicate that no toxic pollutants are being discharged. 
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TABLE 26.9-1 - SUBC.ATEXDRY PROFILE DATA SUMMARY 

CALCIUM CARBONATE 

Total subcategory capacity rate 

Total subcategory production rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing production 

Plant production range: 

Minimum 

Maximum 

Average· prcXiuction 

Median production 

Average capacity utilization 

Plant age range: 

Minimum 

MaximJm 

Waste water· flow range: 

Minimum 

Max:inum 

Volume per unit product: 

Min:imum 

Max:i.mum 

NA 

129,600 kkg/year 

NA 

3 

81,300 kkg/year 

72,400 kkg/year 

NA 

56 percent 

555 kkg/year 

49,800 kkg/year 
NA 

NA 

NA 

25 years 

50 years 

NA 

NA 

NA 

NA 

Sources of data are Stanford Research Institute, Directory of Che:nical 
Producers, u.s .A. , 1977, u.s. Depa.rtrcent of Ccmnerce, current Industrial 
Reports, Dece!l1ber 1977; Energy am Environmental Analysis, Inc.; Draft 
Report, "Preliminary Econanic Assessnent of Effluent Limitations in the 
Inorganic Che.nical Iniustry, "June, 1978 and ":Economic A!1alysis of Proposed 

Revised Effluent Guidelines and Standards for the Inorganic Chemicals 
IndustJ:y, " March, 19 80 

NA= Not Available 876 



The sampling survey results found pollutant levels below 
treatability levels. 

Maximum concentration of toxic pollutants found in raw waste 
were: 

Pollutant Concentration (~g/1) 

Nickel 21 

Zinc 68 

status of ReJJulations 

Interim final regulations (40 CFR 415.302) were published on 
May 22, 1975. These regulations require control of pH and 
suspended solids for both the Solvay and lime process. No 
change in the regulations is needed. 

BAT and NSPS regulations ( 40 CFR 415.303) were proposed on 
May 22, 1975. These regulations were never finalized. It has 
been determined that the Calcium Carbonate Subcategory be 
excluded from the development of BAT and NSPS limitations under 
Paragraph 8 for the following reasons: There are only four 
plants manufacturing calcium carbonate and the 308 letters and 
sampling survey indicate that no toxic pollutants are being 
discharged in significant quantities. 

Because no significant quantities of toxic pollutants are 
present, no further effort will be given to development of 
pretreatment regulations for this subcategory. 

26.10 CALCIUM CHLORIDE 

Summary of Determinations 

It has been determined that no further effort be given to 
developing or revising BAT or NSPS for the Calcium Chloride 
Subcategory. The bases for this determination are: 1) There are 
existing BAT and NSPS regulations that prohibit discharge of 
process waste water pollutants from the brine extraction process 
and 2) there is only one Solvay proc"""SS plant in the United 
States where calcium chloride is recovered as a by-product. 

Production Processes and Effluents 

There are two processes for the manufacture of calcium 
chloride. In the first and major production process, calcium 
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chloride is extracted from natural brines. The salts are 
solution mined and the resulting brines first are concentrated 
to remove sodium chloride by precipitation and then purified by 
the addition of other materials to precipitate sodium, 
potassium, and magnesium salts. The purified calcium chloride 
brine is then evaporated to yield a wet solid which is flaked 
and calcined to a dry solid product. The second process is the 
Solvay Process which is primarily used for the manufacture of 
soda ash. In the Solvay Process, calcium chloride is recovered 
as a by-product. All the wastes from the process are associated 
with the sodium carbonate subcategory. 

Plants 

There are 11 plants producing calcium chloride in the United 
States, one of which recovers it as a by-product from the Solvay 
Process. 

Status of Regulations 

Existing regulations for calcium chloride ( 40 CFR 415.4) 
include regulations for BAT and NSPS that prohibit discharge of 
waste water pollutants from the brine process. 

26.11 CALCIUM HYDROXIDE 

Summary of Determinations 

It has been determined that no further effort be given to 
developing or revising BAT or NSPS for the Calcium Hydroxide 
Subcategory. The basis for this determination is that an 
exisitng BPT regulation provides for zero discharge of process 
waste water pollutants (40 CFR 415.312). Pretreatment 
regulations will be developed in Phase II. 

Production Processes and Effluents 

Calicum hydroxide is produced by adding water to calcium 
oxide in a pug mill premixer. The reacted mixture goes to an 
agitated hydrator where more water is added, resulting in an 
exothermic reaction. No waste water is produced and therefore, 
there is zero discharge to navigable waters. 

Plants 

There are approximately fifteen plants producing calcium 
hydroxide in the United States. 
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26.12 CHROMIC ACID 

Summary of Recommendations 

It has been determined that no additional effort will be 
given to developing revised BAT, and NSPS regulations for this 
subcategory. The bas is for this determination is that the 
existing interim final BPT regulation is zero discharge. 
Pretreatment standards will be developed in Phase II. 

Production Process and Effluents 
/ 

Sodium dichromate liquor from the dichromate manufacturing 
operation is reacted with sulfuric acid and filtered to recover 
impure chromic acid as a solid. The mother liquor is returned 
to the dichromate process for reuse. The recovered chromic acid 
is fed to a melter in which the sodium bisulfate liquifies and 
is separated from the chromic acid. The bisulfate is returned 
to the dichromate operation. The chromic acid is resolidified, 
flaked and packaged for sale. Wastes are returned to the 
dichromate process for reuse. 

Plant 

There are five plants producing chromic acid. 

BPT Limitations 

Regulations for BPT were promulgated on May 22, 1975 (40 CFR 
415.352). It has been determined that this subcategory will be 
excluded from development of BAT and NSPS regulations under 
Paragraph 8 of the Consent Decree because the operations are 
subject to zero discharge regulations for BPT. 

26.13 CUPROUS OXIDE 

Summary of Determinations 

It has been determined that no further'effort be given to 
developing BPT, BAT, NSPS, and Pretreatment regulations for the 
Cuprous Oxide Subcategory. The basis for this determination is 
that there is only one plant manufacturing cuprous oxide. The 
subcategory is excluded under Paragraph 8 of the Consent Decree. 

Production Processes and Effluents 

Cuprous oxide is manufactured by reducing cupric oxide by 
thermal decomposition in an oxygen-free environment. The 
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reaction occurs at high temperature aided by a proprietary 
catalyst. There is no process related waste water. 

Cuprous oxide is used in the manufacture of glass, ceramics, 
marine paints, and photoelectric cells. It is also used in 
agriculture as a seed fungicide, as an antiseptic and as a 
catalyst. 

Status of Regulations 

Subpart AK has been reserved for this subcategory {Table 
26.13-2). 

26 .14 FERRIC CHLORIDE 

Summary of Determinations 

It has been determined that no further effort will be given 
to developing revised BAT or NSPS regulations for this industry. 
The basis for this determination is that the existing regulation 
for BPT is zero discharge. Pretreatment will be developed in 
Phase II. 

Production Processes and Effluents 

Ferric chloride is produced from waste pickle liquor. The 
pickle liquor is reacted with iron, chlorine and hydrochloric 
acid. The solution is filtered and sold as a solution or 
evaporated to dryness to produce a solid product. Waste water 
from filter washes, equipment washing and leaks and spills is 
returned to the process. 

Plants 

There are 21 plants producing ferric chloride. Two plants 
are known to discharge to POTW. 

Toxic Pollutants 

The source of toxic pollutants is the pickle liquor feed. 
Toxic pollutants involved are chromium, copper, lead, nickel and 
zinc. 

BPT Limitations 

Regulations for BPT were promulgated on May 22, 1975 (40 CFR 
415.382), which require zero discharge of process waste water 
pollutants. The regulations have not been challenged. 
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BAT and NSPS Limitations 

Zero discharge regulations were proposed on May 22, 1975 for 
BAT and NSPS. Since BPT already requires zero discharge, BAT 
and NSPS are being excluded under Paragraph 8 of the Consent 
Decree. 

26.15 FERROUS SULFATE 

Summary of Determinations 

It has been determined that no further effort be given to 
developing BAT, NSPS, or pretreatment regulations for the 
Ferrous Sulfate Subcategory. The basis for this determination 
is that ferrous sulfate is recovered as-a by-product and in each 
of the two processes the wastes are attributable to the primary 
process. Recovery of ferrous sulfate actually reduces the waste 
load of both the primary operations. This subcategory is 
excluded under Paragraph 8 of the Consent Decree. 

Production Processes and Effluents 

Ferrous sulfate is made using two processes. In the first 
case it is recovered from the waste sulfuric acid pickle liquor 
containing ferrous sulfate, ferric sulfate, and unreacted 
sulfuric acid. The solution is reacted with iron to reduce 
ferric ions to ferrous ions. The process is a by-product 
recovery Erom a waste solution rather than a direct 
manufacturing process. In the second process, the sulfate 
process, ferrous sulfate is obtained as a by-product during the 
manufacture of titanium dioxide. In the sulfate process, 
titanium dioxide-bearing ores are dissolved in sulfuric acid at 
a high temperature to produce 'iron (ferrous sulfate) and 
titanium sulfate. Iron sulfate is removed by crystallization 
and titanium sulfate is hydrolyzed and then calcined to produce 
the final titanium dioxide product. All the wastes from the 
second process are associated with the titanium dioxide 
production. 

Process waste water is derived principally from gas 
scrubbers. 

Plants 

There are 13 producers recovering ferrous sulfate from 
titanium dioxide manufacture as a by-product or from the waste 
pickle liquor. Four of the 13 producers recover ferrous sulfate 
as a by-product from the sulfate process. The ferrous sulfate 
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subcategory is excluded under Paragraph 8 of the Consent Decree 
because there is no direct method used for its manufacture and 
it is either recovered from the waste pickle liquor or as a by
product from the titanium dioxide manufacture and contributes no 
waste water discharge of its own. 

26 .16 FLUORINE 

Summary of Determinations 

It has been determined that no additional effort be given to 
developing revised BAT or NSPS regulations for this subcategory. 
The basis for this recommendation is that the existing interim 
final BPT regulation is zero discharge. Pretreatment standards 
will be developed in Phase II. 

Production Processes and Effluents 

Fluorine is produced by electrolysis of liquid hydrogen 
fluoride. Fluorine is formed at one electrode and hydrogen at 
the other. The fluorine is compressed and packaged in 
cylinders. There is no process waste water from this process. 

Plants 

There are 3 plants producing fluorine. 

BPT Limitations 

Regulations for BPT were promulgated on May 22, 1975, (40 
CFR 415.402) and require zero discharge of process waste water 
pollutants. The regulations have not been challenged. 

BAT and NSPS Limitations 

Zero discharge regulations were proposed for BAT and NSPS 
but never promulgated. Since BPT already requires zero 
discharge, BAT and NSPS are being excluded under Paragraph 8 of 
the Consent Decree. 

26.17 HYDROCHLORIC ACID 
t 

Summary of Determinations 

It has been determined that no further effort be given to 
developing regulations for BPT, BAT, NSPS, or Pretreatment for 
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the Hydrochloric Acid Subcategory. The bases for this 
determination is: that the small quantities of toxic pollutants 
found during screening are far below levels treatable by 
demonstrated treatment technology. This subcategory is excluded 
under Paragraph 8 of the Consent Decree. 

Production Processes and Effluents 

Most of the hydrochloric acid is produced as a by-product in 
the manufacture of chlorinated organic compounds. It is used in 
oil well activation, pickling of steel, metal cleaning, in 
monosodium glutamate manufacture and starch hydrolysis. It is 
also used as an acid reagent in several chemical manufacturing 
processes. 

The industry profile data for this subcategory is given in 
Table 26.17-1. The data given and coverage of this subcategory 
applies only to the manufacture of hydrochloric acid by the 
thermal combination of chlorine and hydrogen. Wastes from this 
process come from combustion chamber condensate and from a fume 
scrubber. 

While most of the hydrochloric acid is produced as a by
product in the manufacture of chlorinated organic compounds, the 
wastes are attributable to the organic compounds involved. This 
by-product production is not covered in this subcategory. 

Toxic Pollutants 

Data has been received on about 25% of the industry as a 
result of Section 308 letters. In addition, a sampling survey 
for toxic pollutants was made at one plant. The results of the 
308 letters and the sampling survey indicate that no toxic 
pollutants are being discharged in sighificant quantities. In 
fact, the results of the survey showed concentrations close to 
the limits of detectability. 

The ma:l'dmum concentration of priority pollutants found were: 

Maximum Concentration 
Polluta~t Observed (~g/1} 

Lead 3.5 

Mercury 2 

Nickel 5.5 
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TABLE 26 • .17-1 - ~RY PROFILE DATA St:IMMARY 

HYDROCHLORIC ACID 

Total sub:::ategory capacity rate 

Total sub:::ategory production rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing production 

Plant production range: 

M:in:imum 

Maxiirum 

Average production 

Median production 

Average capacity utilization 

Plant age range: 

M:in:irnum 

Maximum 
waste: water:.f,low· range: 

M:in.inu.:Im 

Max:inum 

Volume per unit product: 

M:in.inn.Im 

Maximum 

NA 

NA 

NA 

6 

163,000 kkg/year 

119,000 kkg/year 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4 years 

20 years 

NA 

NA 

NA 

NA 

NA 

Sources of data are Stanford Research Institute, Directory of Chanica! 
P.toducers, U.S .A. , 1977, U.S. Deparbnent of ecmnerce, CUrrent Industrial 
Rep:>rts, Decanber 1977; Energy and EnVironmental Analysis, Inc.; Draft 
Rep:>rt, "Preliminary Econanic Assessrent of Effluent Limitations in the 
Ioorganic Chanica! Irrlustry," J1me, 1978 and "Economic Analysis of 
Proposed Revised Effluent Guidelines and Standards for the Inorganic 
Chemicals IndustJ:y," March, 1980 

NA = Not Available 884 



Status of Regulations 

BPT, BAT, and NSPS regulations (40 CFR 415.72) reguiring 
zero discharge were promulgated on March 12, 1974. These 
regulations have since been remanded by the court and are not in 
effect. 

26 .18 HYDROGEN 

Summary of Determinations 

It has been determined that no further effort will be given 
to developing revised BAT, or NSPS regulations for this 
subcategory. The basis for this recommendation is that the 
existing BPT regulation is zero discharge of process waste 
waters to navigable waters. Pretreatment standards will be 
developed in Phase II. 

Production Processes and Effluents 

Hydrogen is made chiefly from two sources: purification of 
petroleum refinery by-product gases and as a co-product in the 
manufacture of carbon monoxide. In the latter case the wastes 
are attributed to the carbon monoxide subcategroy. Only the 
production of hydrogen from refinery by-product gases will be 
discussed. 

Crude hydrogen as a refinery by-product is passes through a 
catalytic bed to remove oxygen and a drier to remove the water 
formed by the catalytic reaction. The gas is then cooled, 
purified and passed through a converter to change ortho-hydrogen 
to the para-form. Hydrogen is usually cooled to a liquid form 
for storage or shipping. No contact process water is used 
during the manufacture. 

Plants 

There are approximately 137 plants producing hydrogen. None 
are known to have discharges. 

BPT Limitations 

Regulations were promulgated on May 22, 1975, (40 CFR 
415.412) requiring zero discharge of process waste water 
pollutants to navigable waters. Only contaminated non-process 
water is allowed. This includes rain water, waters which come 
in contact with accidental spills and leaks, and discharges for 
personal safety. All reasonable measures must have been made to 
prevent, reduce, and control each contact and to mitigate the 
effects. 
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BAT and NSPS Limitations 
- -- --- .;;;;==..;;;..;;;;.,~=;;;;.. 

BAT and NSPS were proposed on May 22, 1975, requiring zero 
discharge of process waste water to navigable waters. Since BPT 
already requires zero discharge, BAT and NSPS are being excluded 
under Paragraph 8 of the Consent Decree. 

26.19 IODINE 

Summary of Determinations 

It has been determined that no additional effort will be 
given to developing revised BAT or NSPS regulations. The basis 
for this determination is that the existing regulation for BPT 
is zero discharge. Pretreatment standards will be developed in 
Phase II. 

Production Process and Effluents 

Iodine is produced from brine solutions containing iodine. 
The brine is acidifie'd and chlorinated liberating free iodine. 
The free iodine .is stripped from the brine and treated again 
with chlorine yielding solid iodine. The slurry is filtered, 
treated with sulfuric acid and refiltered. The product is then 
crushed and packaged for sale. The wastes from this proce~s are 
spent brine solutions which are returned to the well from which 
the brine was initially obtained. 

Plants 

There are 4 plants producing iodine. 

BPT Limitations 

Regulations for BPT were promulgated on May 22, 1975, (40 
CFR 415.432) and require zero discharge of process waste water 
pollutants. The regulations have not been challenged. 

BAT and NSPS Limitations 

Zero discharge regulations were proposed for BAT and NSPS on 
May 22, 1975. Since BPT already requires zero discharge, BAT 
and NSPS are being excluded under Paragraph 8 of the Consent 
Decree. ' 
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26.20 LEAD MONOXIDE 

Summary of Determinations 

It has been determined that no further effort will be given 
to developing BAT or NSPS, regulations for this subcategory. 
The basis for this recommendation is that the existing BPT 
regulation requires zero discharge. Pretreatment standards will 
be developed in Phase II. 

Production Processes and Effluents 

Lead monoxide is produced by the thermal oxidation of lead. 
There are no process waste water streams generated by lead 
monoxide production. Dust control is the problem in this 
subcategory. Use of dry collection systems rather than a water 
collection system is the control technology for meeting the 
regulation. 

Plants 

There are 15 plants producing lead monoxide in the United 
States. Ten plants are known to use dry bag collection systems 
and have no discharge of waste water. Other are subject to 
existing zero discharge regulations. 

BPT Limitations , 

BPT limitations were published on May 22, ~-975 (40 CFR 
415.442). The limitations require zero discharge of process 
waste water pollutants into navigable waters. 

BAT and NSPS Limitations 

On May 22, 1975, zero discharge regulations were proposed 
but never promulgated for BAT and NSPS. Since BPT already 
requires zero discharge, BAT and NSPS are being excluded under 
Paragraph 8 of the Consent Decree. 

26.21 LITHIUM CARBONATE 

Summary of Determinations 

It has been determined that no further efforts be given to 
developing or rev1s1ng regulations for BPT, BAT, NSPS, or 
Pretreatment for the Lithium Carbonate Subcategory. The bases 
for this determination are: 1) there is only one plant in this 
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subcategory using the spodumene ore process and discharging 
proceps waste water and 2) there is an existing zero discharge 
regulations for the brine process. This subcategor~ is excluded 
under Paragraph 8 of the Consent Decree. 

Production Processes and Effluents 

Lithium carbonate is produced by two processes. In one 
process, spodumene ore is heated at a high temperature to render 
it highly reactive. It is then cooled, ball-milled, and mixed 
with concentrated sulfuric acid. The acid-roasted ore is 
leached with water, and the excess acid is neutralized wfth 
ground limestone. This mixture is filtered and further treated 
with lime and soda ash. Further processing precipitates lithium 
carbonate. Wet scrubbers are the sources of waste water. 
Significant quantities of any known toxic pollutants are not 
found in the waste water. 

In the other process, lithium carbonate is produced by the 
reaction of lime with concentrated brine, and lithium carbonate 
is precipitated by filtration. Process waste water consists of 
spent brines, which are sent to on-site evaporation ponds. 
These is no process waste water discharge from this process. 

Status of Regu1ations 

There is an existing BPT regulation for this subcategory (40 
CFR 415.452). 

26.22 MANGANESE SULFATE 

Summary of Determinations 

It has been determined that no further effort be give~ to 
developing or rev1s1ng BPT, BAT, NSPS, or Pretreatment 
regulations for the Manganese Sulfate Subcategory. The bases 
for this determination are: 1) there is only one plant making 
commerical grade manganese sulfate that has a waste water 
discharge, and 2) the amount of waste water produced by that 
plant is low. The subca~egory is excluded under Paragraph 8 of 
the Consent Decree. 

Production Processes and Eff1uents 

There are two processes for the manufacture of manganese 
sulfate~ the hydroquinone process and the coke and ore process. 
In the hydroquinone process, manganese ore, aniline and sulfuric 
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acid are reacted to produce manganese sulfate, quinone and 
ammonium sulfate. The reacted mixture is steam distilled to 
remove quinone which is further processes to hydroquinone. The 
mixture of manganese and ammonium sulfate is filtered, 
evaporated, and crystallized. Managanese sulfate is recovered· 
as crystals, and the spent liquor contains ammonium sulfate. In 
the second process, manganese ore and coke are reacted in a kiln 
and the product is leached with sulfuric acid. The resulting 
slurry, is evaporated to dryness to recover a 30 percent product 
for agricultural purposes. The amount of waste water proguced 
from the hydroquinone process is small and the other process 
produces no waterborne waste. 

Plants 

Four plants are manufacturing manganese sulfate. Two of the 
producers use it for fertilizer production and they generate no 
waterborne wastes. One plant produces reagent grade product and 
the total production is very low. Only one other plant 
manufactures manganese sulfate (commercial grade) and has a 
significant waste water flow. 

Status of Re9ulations 

Since only one manganese sulfate plant discharges waste to 
navigable waters, the subcategory is excluded from federal 
discharge regulation for BPT, BAT, NSPS, and pretreatment 
standards, under Paragraph 8 of the Consent Decree. 

26.23 NITRJ[C ACID 

Summary of peterminations 

The existing nitric acid regulation in the fertilizer 
category (40 CFR 418.5) is applicable to.all nitric acid plants 
captive to a fertilzer production facility. In addition, 
sampling has shown that there are no significant quantities of 
toxic pollutants in the process \<Taste waters from stand alone 
nitric acid plants. Further BPT, BAT, NSPS, or Pretreatment 
regulations will not be developed for this subcategory. 

Production Processes and Effluents 

Most of the nitric acid produced is used in the manufacture 
of ammonium nitrate and other nitrogen fertilizers. On site 
captive use is extensively practiced. It is also used in the 
manufacture of explosives, plastics and other organic products. 
Other uses are as an acidic and pickling agent. The source of 
process waste water is equipment washing operations. 
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The industry profile data for this subcategory are given in 
Table 26.23-1. 

Toxic pollutants found in raw wastes during sampling were as 
follows: 

Maximum Concentration Observed 
(llg/1) 

Pollutant 
Screening 
( 2 Plants) 

Verification 
(1 Plant) 

Chromium 110 100 
Zinc 120 791 
Lead 29 < 10 
Mercury .47 4.5 
Silver .5 < 15 
2,4-Dinitrophenol 215 Not Analyzed 
Nickel 170 85 
Cyanide < .04 < .02 

The 2,4-Dinitrophenol is caused by contamination from 
organic products manufactured at the plant and will he addressed 
in that guideline. The chromium and zinc are ingredients of 
cooling water conditions present in the blowdown which is mixed 
with process streams. Appropriate control is by best management 
practice not end-of-pipe treatment via national regulation. 
Other metals are below the limit of treatability. 

Status_of Regulations 

Subpart V has been reserved for this subcategory. 

26. 24 OXYGEN AND NITROGEN 

Summary of Determinations 

It has been determined that no further effort be given to 
developing or revJ.sJ.ng regulations for BAT, NSPS, or 
Pretreatment for the Oxygen and Nitrogen Subcategory. The bases 
for this determination are: 1) the waste water discharge mainly 
consists of compressor water, and 2) the only toxic pollutant 
detected at or above treatability level was copper which is at 
the level of treatability. This subcategory is excluded under 
Paragraph 8 of the Consent Decree. 
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TABLE 26.23-1 - stJBC.ATEIDRY PROFILE DATA SUMMARY 

NITRIC ACID 

Total subcategory capacity rate. 

Total subcategory production rate 

Number of plants in this subcatego:ry 

308 Data on file for 

With total··.capacity of 

With total production of 

Representing capacity 

Representing production 

Plant pi'Crluction range: 

Minimum 

Maximmt 

Average production 

Median pnx'iuction 

Av~age capacity utilization 

Plant age range: 

Minimum 

Max:i.numt 

Waste water flow range: 

Minimum 

Maximmt 

Volume per unit product: 

Minimum 

Maximmt 

9,177,000 kkg/year 

7,171,000 kkg/year 

87 

11 

1,106,000 kkg/year 

774,400 kkg/year 

12 percent 

11 percent 

NA 

NA 

NA 

NA 

NA 

4 years 

83 years 

NA 

NA 

NA 

NA 

Sources of da·ta are Stanfo:td Research institute, Directory of Chemical 
Producers, U.S .A. ; 1977, U.S. Department of Ccmrerce, CUrrent Industrial 
Re};Orts, Decanber 1977; Energy an:l Environmental Analysis, Inc.; Draft 
Report, "Prel.i:mi.nary Eoonanic Assessrent of Effluent Limitations in the 
Irx::>rganic Chemical Indust:ry," June,l978 and "Eoonomic Analysis of Prop::>sed 
Revised Effluent Guidelines and Standards for the Inorganic Chemicals 
Industry, " March, 19 80 
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Production Processes and Ef£1uents 

oxygen and nitrogen are produced from air by distillation 
of liquefied air. oxygen is used in the production of steel, 
~as welding, medicine, jet fuel, in sewage treatment plants and 
1n the manufacture of ethylene and acetylene. In rocket 
propulsion, liquid oxygen is often used as a cryogenic liquid 
oxidizer. 

The greatest use of nitrogen is in the manufacture of 
ammonia by the Haber process. It is also used in cryosurgery. 
As an inert gas, it is used to prevent oxidation by air. In the 
liquid form, it is used for low temperature refrigeration. 

water discharge mainly consists of compressor 
Other waste waters are small quantities of 
intake air scrubber waters, and compressor 

The waste 
cooling water. 
boiler blowdown, 
condensate. 

The industry profile for this subcategory is given in Table 
26.24-1. 

Toxic Po11utants 

Data has been received on 10 plants as a result of Section 
308 letters. There are at least 230 plants in the United 
States. However all operate using the same basic process. One 
plant was sampled during the screening program Toxic 
pollutants found in the raw waste loading during sampling were: 

Pollutant Concentration (lJg/1) 

Chromium 26 

Copper 590 

Lead 51 

Nickel 79 

Zinc 170 

The likely sources of copper are corrosion and bearing wear, 
and concentration in boiler and cooling tower blowdowns. The 
copper levels are at the accepted levels of treatment, therefore 
furth~r reduction is not practical. 
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TABLE .26.24-1 - SUBC.ATEIDRY PROFILE DATA SUMMARY 

stJBC.ATEOORY OXYGEN AND NITROGEN 

'lbtal subcatec_pry capacity rate 

'lbtal subcatec_pry production rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing production 

Plant production range: 

Minimum 

Maxinn.mt 

Average production 

Median production 

Average capacity utilization 

Plant age range: 

Minimum 

Maxinn.mt 

waste water flow range: 

M::-ocimlm 

Volume per unit product: 

Minimum 

Maxinn.mt 

35,526,000 kkg/year 

NA 

113 

9 

1,588,000 kkg/year 

1,473,000 kkg/year 

4.5 percent 

NA 

2,400 kkg/year 

378,000 kkg/year 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4 years 

36 years 

Sources of data are Stanford Research Institute, Directory of Chemical 
Pl:Oducers, u.s.A., 1979, u.s. Department of Ccmnerce, CUrrent Industrial 
Reports, Decanber 1977; Energy ard Envirormental Analysis, Inc.; Draft 
Report, "Preliminary Econanic Assessrent of Effluent Limitations in the 
Inorganic Chemical Imustry," June, 1978 and "Economic Analysis of 
Proposed Revised Effluent Guidelines and Standards for the Inorganic 
Chemicals Industry," March, 19 80 

NA = Not Available 893 



Status of Regulations 

Interim Final BPT regulations (40 CFR 41.5492) were 
promulgated on May 22, 1975. These regulations require 
limiations on pH and oil and grease. These regulations remain 
in effect and no change is needed. 

BAT and NSPS regulations (40 CFR 415.494) were proposed on 
May 22, 1975. These regulations were never finalized. It has 
been determined that the Oxygen and Nitrogen Subcategory be 
excluded from the development of BAT and NSPS limitations under 
Paragraph 8 of the Consent Decree for the following reasons: 
The discharge consists of compressor water wherein the only 
toxic pollutant found is copper which is at the level of 
treatability. 

26.25 POTASSIUM CHLORIDE 

Summary of Determinations 

It has been determined that no further effort will be given 
to developing revised BAT or NSPS regulations for the potassium 
chloride subcategory. The basis for this determination is that 
existing BPT regulations specify zero discharge of process 
waters. Pretreatment standards will be developed in Phase II. 

Production Processes and Effluents 

Potassium chloride is produced in the u.s. by two pincipal 
processes: extraction from sylvite ore and extraction from lake 
brine {Trona Process). Sylvite ore is a combination of 
potassium chloride and sodium chloride. The ore is crushed, 
screened, and wet-ground in brine. The ore is then separated 
from clay impurities in a desliming process. The clay 
impurities are fed to a gravity separator which removes some of 
the sodium chloride precipitated from the leach brine and 
insolubles for disposal as waste. After desliming, the ore is 
chemically treated and the potassium chloride is separated from 
the sodium chlorioe in a flotation process. The tailings from 
flotation are wasted and the resulting potassium chloride 
slurries are centrifuged to recover the potassium chloride. The 
product is then dried, screened, and packaged. The centrifuge 
liquors are recycled to the flotation circui~. 

The Trona Process uses a cyclic ,evaporation-crystallization 
system in which saline brine is evaporated to nominal dryness. 
The brine and recycle liquor is concentrated in triple effect 
evaporators to produce a hot liquor high in potassium chloride 
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and borax. Large quantities of sodium chloride and burkeite 
(Na2C03.Na2S04) are crystallized and separated during 
evaporation. The sodium chloride is returned to the brine 
source, and the burkeite is transported to other processes for 
separation and refining. .The hot liquor is then cooled rapidly 
in vacuum crystallizers and the potassium chloride is filtered 
from the slurry. The potassium chloride is then dried and 
packaged. A small port' ion may be refined further and/or 
converted to potassium sulfate. The cool liquor remaining is 
then allowed to crystallize the remaining borax which is then 
refined further using recrystallization and other processes. 
The remaining liquor is recyceld back to the evaporation
crystallization step. 

Plant 

There are thirteen plants producing potassium chloride, two 
of which use the Trona Process. 

BPT Regulations 

BPT regulations were promulgated on May 22, 1975 (40 CFR 
415.502) requiring zero discharge of process waste water 
pollutants to navigable waters, except that residual brine and 
depleted liquor may be returned to the body of water from which 
the brine solution was withdrawn. There are no instances where 
the brine source is a navigable water. 

BAT and NSPS Limitations 

BAT and NSPS were proposed on May 22, 1975, requ1r1ng zero 
discharge of process waste water to navigable waters. It has 
been determined that the potassium chloride subcategory will be 
excluded from the development of revised BAT and NSPS 
limitations under Paragraph 8 of the Consent Decree since a zero 
discharge regulation is in effect. In the absence of BAT and 
NSPS regulations, permits will be based on BPT. 

26.26 POTASSIUM DICHROMATE 

Summary of Determinations 

It has been determined that no further effort will be given 
to developing revised BAT and NSPS regulation for the Potassium 
Dichromate Subcategory. The basis for this recommendation is 
that existing BPT, BAT and NSPS regulations specify zero 
discharge of process waste water pollutants to navigable waters. 
Pretreatment standards will be developed in Phase II. 
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Production Processes and Eff1uents 

Potassium dichromate is made by reacting a sodium dichromate 
dihydrate solution with potassium chloride. The potassium 
dichromate is crystallized from solution requiring only removal 
of water prior to sizing and packaging. The process water is 
recycled back to the initial reaction tank. 

~' and NSPS Limitations 

BJ?T, BAT and NSPS limitations were promulgated ~arch 12, 
1974 (40 CFR 415.122, 415.123 and 415.125). All subparts 
require zero discharge of process waste water pollutants to 
navigable waters. 

It has been determined that the potassium dichromate 
subcategory will be excluded from the development of revised BAT 
and NSPS limitations under Paragraph 8 of the Consent Decree. 
The basis for this determination is that by maintaining existing 
BPT, BAT and NSPS limitations, no discharge of waste water 
pollutants to navigable waters will occur. 

26.27 POTASSIUM IODIDE 

Summary of Determinations 

It has been determined that no further effort be given to 
developing or revising BAT, NSPS, and Pretreatment regulations 
for the Posassium Iodide Subcategory. The bases for this 
determination are: 1) because the waste water discharge is less 
than 100 gallons per day, the quantity of pollutants discharged 
is very low; and 2) the concentration of the toxic pollutants 
are at or below accepted treatment levels. This subcategory is 
excluded under Paragraph 8 of the Consent Decree. 

Production Processes and Eff1uents 

Potassium iodide is used in photographic emulsions, in 
animal and poultry feeds, table salts and analytical chemistry. 
It also has a number of medical uses. 

One manufacturing process is known as the iron carbonate 
process. This involves the reaction of iron power with iodine 
in aqueous solution. An intermediate compound, 
ferrosoferr icy an ide, is formed which is subsequently reacted 
with potassium carbonate to yield potassium iodide. The raw 
product is purified, concentrated by evaporation and cooled to 
promote crystallization. water used directly in the process is 
lost by evaporation. The only source of process waste water is 
from equipment wash down operations. 
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The industry profile for this subcategory is given in Table 
26.27-1. 

Toxic Pollutants 

Data has been received for approximately 50% of the industry 
as a result of section 308 letters. In addition, a sampling 
survey was made at one plant. The following toxic pollutants 
were identified in the plant wastes: 

Pollutant 

Antimony 
Chromium 
Copper 
Lead 
Silver 
Zinc 

Concentration(pg/1) 

48 
22 

1040 
26 
34 
30 

However, the levels of these pollutants are at or below 
accepted levels of treatability. In addition, the flows are 
less than 100 gallons per day. At the one plant sampled, there 
was no process waste water discharged since the wash water w~s 
sent to an evaporation pond. 

Status of Regulations 

BPT Limitations 

BPT regulations (40 CFR 415.511) were promulgated on May 
22, 1975. These regulations require limitations on pH, TSS, 
sulfide, iron and barium. These regulations are adequate for 
the control of conventional and nonconventional pollutants. 

BAT and NSPS Regulations 

NSPS and BAT limitations were proposed on May 22, 1975, but 
never finalized. It has now been determined that the Potassium 
Iodide Subcategory be excluded form the development of BAT and 
NSPS limitations under Paragraph 8 of the Consent Decree for the 
following reasons: 1) very small quantities of toxic pollutants 
are discharged from this industry, and 2) those pollutants 
discharged are at or below accepted treatability levels. 

Pretreatment Limitations 

Because no significant quantities of toxic pollutants are 
present no further effort will be given to development of 
pretreatment regulations for this subcategory. 
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TABLE 26.27-1 - SUBCA'I'EIDRY PROFILE DATA SUMMARY 

POTASSIUM IODIDE 

Total subcategory capacity rate 

Total subcategory production rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing production 

Plant production range: 

Minimum 

.Ma.xirm.lm 

Average production 

Median production 

Average capacity utilization 

Plant age range: 

M:i.n:imum 

.Ma.xirm.lm 
Waste water flo;v rgnge: 

M:i.n:imum 

Max:inurn 

Volume per unit product: 

M:i.n:imum 

.Ma.xirm.lm 

NA 

NA 

9 

4 

1,985 kkg/year 

1,300 kkg/year 

NA 

50 percent 

79 kkg/year 

634 kkg/year 
NA 

NA 

NA 

27 years 

42 years 

NA 

NA 

NA 

NA 

SOurces of data are Stanfo:rd Research Institute, Directory of Chani.cal 
P.roducers, u.s.A., 1977, u.s. De:partment of Ccmnerce, CUrrent Industrial 
Reports, December 1977; Energy and Envirornnental Analysis, Inc.; Draft 
Report, "Preliminary Econanic Assessrent of Effluent Limitations in the 
Inorganic Chemical D:rlustry," June, 1978 and "Economic Analysis of 
Proposed Revised Effluent Guidelines and Standards for the Inorganic 
Chemicals Industry," March, 19 80 

NA = Not Available 898 



26.28 POTASSIUM METAL 

Summary of Determinations 

It has been determined that no further effort will be given 
to developing revised BAT or NSPS regulations for the Potassium 
Metal Subcategory. These bases for this recommendation are: 1) 
existing BPT, BAT and NSPS regulations specify zero discharge of 
process waste waters; and 2) there is only one plant producing 
potassium in the U.s. and that plant uses a dry process. 
Pretreatment standards will be developed in Phase II. 

Production Processes and Effluents 

Potassium metal is prepared by melting potassium chlqride 
in a gas-fired melt pot prior to be-ing fed to an exchange 
column. The mol ten potassium chloride flows down through a 
packed column, where it is contacted by ascending sodium vapors 
coming from a gas-fired reboiler. The reaction yields elemental 
potassium and sodium chloride, which is withdrawn continuously 
from the base of the apparatus. The elemental potassium is 
withdrawn as an overhead product. No process water is used so 
there are no waterborne effluents. 

Plant 

Only one plant produces potassium metal in the U.S. It 
uses no process water and there are no waterborne effluents. 

BPT, BAT and NSPS Limitations 

BPT , BAT and NSPS 
1974 (40 CFR 415.112, 
require zero discharge 
navigable waters. 

limitations were promulgated March 12, 
415.113 a,nd 415.115). All subparts 
of process waste water pollutants to 

It has been determined that the potassium metal subcategory 
will be excluded from the development of revised BAT and NSPS 
limitations under Paragraph 8 of the Consent Decree. 
Maintaining the existing · regulations will eliminate the 
discharge of toxic pollutants. 

26.29 POTASSIUM PERMANGANATE 

Summary of Determinations-

It has been determined that no further effort be given to 
developing BPT, BAT, NSPS, and Pretreatment regulations for the 
Potassium Permanganate Subcategory. The basis for this 
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determination is that there is only one plant manufacturing 
Potassium Permanganate. The subcategory is excluded under 
Paragraph 8 of the Consent Decree. 

Production Processes and Effluents 

Manganese ore is slurried with potassium hydroxide solution 
and treated with oxygen to produce potassium manganate. This 
intermediate product and the ore wastes are recovered by 
centrifugation and the solids are then leached to dissolve the 
manganate. The resulting slurry is filtered to remove the ore 
wastes and the manganate converted in electrolytic cells. The 
permanganate is crystallized from the solution to form the 
product. 

26.30 POTASSIUM SULFATE 

Summary of Determinations 

1t has been determined that no further effort be given to 
developing or revising BPT, BAT, NSPS for the Potassium Sulfate 
Subcategory. The bases for this determination are there is an 
existing regulation for BAT and NSPS that requires zero 
discharge of process waste water pollutants (40 CFR 415.133 and 
415.135). The subcategory is excluded under Paragraph 8 of the 
Consent Decree. Pretreatment standards will be developed in 
Phase II. 

Production Processes and Effluents 

Potassium sulfate is produced by the reaction in solution 
of potassium chloride with langbeinite ore. Langbeinite ore is 
a natural sulfate of potassium and magnesium (K2S04.MgS04), 
usuallv intermixed with sodium chloride. When the reacted 
solution is partially evaporated, potassium sulfate 
precipitates out, and is recovered by centrifugation or 
filtration from the brine liquor, dried, and sold. The 
remaining brine liquor containing maganesium chloride is the 
source of raw·waste. Depending on the sodium content of the ore 
used, the brine is ei the.r sold (low sodium content) or is 
ponded. In the latter case, the brine liquor is recycled or 
evaporated and the mud is landfilled. Therefore, no discharge 
results from the production of potassium sulfate. 

Plants 

There are approximately eight producers of commercial grade 
potassium sulfate in the United States. 
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26 • 31 SODIUM BICARBONATE 

Summary of Determinations 

It has been determined that no further effort will be-given 
to developing revised BAT and NSPS regulations for the Sodium 
Bicarbonate Subcateory. The basis for this determination is the 
existing BPT, BAT and NSPS regulations specify zero discharge of 
process waste water pollutants to navigable waters. 
Pretreatment standards will, be developed in Phase II. 

Production l~rocesses and Effluents 

Sodium bicarbonate is produced by reaction of sodium 
carbonate with water and carbon dioxide under pressure. The 
bicarbonate precipitates from the solution and is filtered, 
washed, dried, and packaged. Waste water from the filtration is 
used in product scrubbers and then returned to the process. 

Plants 

Four plants produce sodium bicarbonate in the United 
States. 

BPT, !!!! an~ NSPS Limitations 

BPT , BAT and NSPS 
1974 (40 CFR 415.142, 
require zero discharge 
navigable waters. 

limitations were promulgated March 12, 
415.143 and 415.145). All subparts 
of process waste water pollutants to 

It has been determined that the sodium bicarbonate 
subcategory will be excluded from the development of revised BAT 
and NSPS limitaions under Paragraph 8 of the Consent Decree. 
The basis for the determination is that maintaining the existing 
regulations will eliminate the discharge of toxic pollutants. 

26. 32 SODIUM CARBONATE 

Summary of ~eterminations 

It has been determined that no further effort be given to 
developing or revising BAT, NSPS, or pretreatment regulations 
for the Sodium Carbonate Subcategory. The bases for this 
determination are: 1) no waste water is discharged to navigable 
waters from the plants using natural deposits to produce sodium 
carbonate, and 2) only one plant exists that uses the Solvay 
Process to produce sodium carbonate. This subcategory is 
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excluded under Paragraph 8 of the Consent Decree. The Solvay 
Process does have a discharge but because there is only one 
plant it is inappropriate to write a regulation for the 
subcategory. 

Production Processes and Effluents 

Two methods are used for the production of sodium 
carbonate. One method is the recovery from natural sodium 
carbonate deposit and the other method is the Solvay process. 
The waste water resulting from the use of natural deposits is 
sent to evaporation ponds and no water is discharged to 
navigable streams. In the Solvay process, sodium chloride 
(brine) is purified and saturated with ammonia and then 
chlorinated. The reacted solution is filtered and sodium 
bicarbonate is removed as a filter cake. The filter cake is 
calcined to produce sodium carbonate, driving off moisture and 
carbon dioxide. The production of sodium carbonate by the 
Solvay process requires the use of large volumes of water for 
non-contact cooling and process contact purposes and generates 
large loads of suspended solids, alkalinity, and ammonia. 

Plants 

Only one plant uses the Solvay process to produce sodium 
carbonate. The Solvay process is energy intensive and generates 
large pollution loads. · The process is being replaced by 
production from natural deposits. It is unlikely that new 
Solvay process plants will be built in the future. The industry 
profile is presented in Table 26.32-1. 

The other plants using natural deposits have zero 
discharge. 

Status of Regulations 

The regulation originally established has been remanded by 
the court. The Solvay process does have a discharge but because 
there is only one plant is is inappropriate to write regulations 
for this subcategory. 

26.33 SODIUM CHLORIDE 

Summarx of Determinations 

It has been determined that n0 further effort be given to 
developing or revising BAT and NSPS regulations for the Sodium 
Chloride Subcategory. The basis for this determination is that 
there are exisitng BAT and NSPS regulations that prohibit 
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TABLE 26 .. 32-1 - ~RY PROFILE DATA SUMMARY 

SODIUM CARBONATE 

Total subcategory capacity rate 

Total subcategory production rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing production 

Plant production range: 

Maxinu:nn 

Average production 

Median production 

Average capacity utilization 

Plant age range: 

Minimum 

Maxinulm 

waste water flow range: 

Minimum 

Maxinu:nn 

Volume per unit product: 

Minimum 

:Maxirrnlm 

8,650,000 kkg/year 

NA 

10 

8 

3,629,000 kkg/year 

2,828,000 kkg/year 

42 percent 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

10 years 

95 years 

NA 

NA 

NA 

NA 

Sources of data are Stanford Research Institute, Directory of Chemical 
Producers, u.s.A., 1977, u.s. Department of Ccmnerce, CUrrent Industrial 
Reports, December 1977; Energy and Environmental Analysis, Inc.; Draft 
Report, "Preliminary Econanic Assessroont of Effluent Limitations in the 
Inorganic Chemical IOOustry ," June, 1978 and "Economic Analysis of 
Pro:posed Revised Effluent Guidelines and Standards for the Inorganic 

\ Chemicals Industry," March, 1980 
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discharge of process waste water (40 CFR 415.163 and 415.165). 
The subcategory is excluded under Paragraph 8 of the Consent 
Decree. Pretreatment standards will be developed in Phase II. 

Production Processes and Effluents 

Sodium chloride is produced by three methods: 1) solar 
evaporation of sea water, 2) solution mining of natural brines, 
and 3} mining of rock salt. 

In the solar evaporation process, salt water is 
concentrated by evaporation in open ponds to yield a saturated 
brine solution. After saturation is reached, the brine is fed 
to a crystallizer, wherein sodium chloride precipitates, leaving 
behind a concentrated brine solution (bittern) consisting of 
sodium, potassium, and magnesium salts. The precipitated sodium 
chloride is recovered for sale and the brine is recycled to 
recover additional sodium chloride. No discharge results from 
the operation. 

The brine is the second process is first aerated to remove 
hydrogen sulfide. The brine is then pumped to settling tanks 
where it is treated with caustic soda and soda ash to remove 
most of the calcium, magnesium, and iron present as insoluble 
salts. After clarification to remove these insolubles, the 
brine is then sent to multiple effect evaporators. As water is 
removed, salt crystals form and are removed as a slurry. The 
slurry is washed with fresh brine to remove calcium sulfate. 
The washed slurry is filtered, the mother liquor is returned to 
evaporators, and the crystals from the filter are dried and 
screened. Wastes are generated from the multiple effect 
evaporators and driers, basic brine purification, and from water 
treatment. Zero aqueous discharge can be accomplished by 
replacing barometric condensers with non-contact exchangers, 
eliminating packing station wastes by more efficient design, and 
recycling all process water. 

Mining of rock salt produces no process waste water. 

26.34 SODIUM FLUORIDE 

Summary of Determinations 

It has been determined that no further effort will be given 
to developing revised BAT, or NSPS regulations for this 
subcategory. The basis for this determination is that existing 
BPT regulations are zero discharge of process waste water to 
navigable waters. Pretreatment standards will be developed in 
Phase II. 
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Production Processes and Effluents 

Sodium fluoride is made by two similar processes. 
Anhydrous hydrofluoric acid may be reacted with sodium 
carbonate. The solution is then sent to a vacuum filter to 
recover product sodium fluor ide. Process wastes from this 
process consist of filtrate, mother liquors, wash down waters 
and scrubber solutions which are recycled. The mother liquor 
and washdown waters generally contain sodium carbonate and waste 
sodium fluoride. 

Sodium fluor ide may also be produced by the reaction of 
sodium silicofluoride with sodium hydroxide. The solution is 
fed to a multi-stage separator, wherein the sodium fluoride is 
separated from the sodium silicate solution. The product sodium 
fluor ide is washed, dried and packaged. Process waste water 
from this process consists of waste liquor containing sodium 
silicate and sodium fluor ide, wet scrubber blowdown and wash 
waters. 

Plants 

There are four known plants presently manufacturing sodium 
fluoride in the United States. Total recycle of process waste 
waters is practice at each plant. 

BPT Limitations 

BPT regulations were promulgated on May 22, 1975 (40 CFR 
415.552) requiring zero discharge of process waste water / 
pollutants to navigable waters. The only discharge permitted is 
contaminated nonprocess waste water from 1} rainfall runoff; 2) 
ace idental spills and leaks; and 3) discharges from personnel 
safety equipment provided that reasonable efforts are made to 
prevent, reduce, and control each contact and to mitigate its 
effects. Since BPT effectively requires no discharge no BAT or 
NSPS regulation is necessary. 

26.35 SODIUM HYDROSULFIDE 

Summary of Determinations 

It has been determined that no further effort be given to 
developing regulations for BPT, BAT-, NSPS, or Pretreatment for 
the Sodium Hydrosulfide Subcategory. The basis for this 
determination is that no toxic pollutants were found at 
significant levels in the process related waste water during the 
screening of one plant. The subcategory is excluded under 
Paragraph 8 of. the Consent Decree. 
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Production Processes and Effluents 

Sodium hydrosulfide is produced by reaction of hydrogen 
sulfide with sodium hydroxide. Sodium hydrosulfide is used in 
the manufacture of sodium sulfide, other chemicals, and paper 
(Kraft). It is also used in dehairing of hides and industrial 
waste water treatment. Process waste water may be derived from 
filter backwash water. 

The subcategory profile data are given in Table 26.35-1. 

Toxic Pollutants 

Toxic pollutants found in the waste during screening of one 
plant were phenol (76 ~g/1) and naphthalene (90 ~g/1) which are 
below treatability levels. Due to the very small flows and 
waste loads· generated by this industry, this subcategory is 
excluded under Paragraph 8 of the Consent Decree. 

Status of Regulations 

Subpart BD has been reserved for this subcategory. 

26.36 SODIUM METAL 

Summary of Determinations 

It has been determined that no further effort be given to 
developing or rev1s1ng BPT, BAT, NSPS, or Pretreatment 
regulations for the Sodium Metal Subcategory. The basis for 
this determination is that the small quantities of toxic 
pollutants found during screening are far below accepted 
treatability levels. This subcategory is excluded under 
Paragraph 8 of the Consent Decree. 

Production Processes and Effluents 

Sodium metal is manufactured with chlorine by electrolysis 
of fused sodium chloride. It is used in the production of 
tetraethyl lead, sodium cyanide, sodium peroxide, and titanium 
and zirconium metals. In liquid form, it is used as a nuclear 
reactor coolant; it is also used as a light, thermally 
conductive solid in various applications~ 

The industry profile for this subcategory is given in Table 
26.36-1. 
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TABLE 26. 35-1 - SUBCA'I'EXDRY PROFILE DATA SUMMARY 

SODIUM HYDROSULFIDE 

'lbtal subcategory capacity rate 

'lbtal subcategory prcxluction rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing production 

Plant production range: 

Minllmlm 

Max:iimlm 

Average production 

Median prcxluction 

Average capacity utilization 

Plant age range: 

Minimum 

Maximum 

Waste water flow range: 

Minimum 

Maximum 

Volume per unit prcxluct: 

Minimum 

Maximum 

NA 

NA 

12 

3 

56 , 900 kkg/year 

44,700 kkg/year 

NA 

NA 

3, 800 kkg/year 

36,500 kkg/year 

NA 
NA 

NA 

5 years 

14 years 

NA 

NA 

NA 

NA 

Sources of data are Stanford Research Institute, Directory of Chemical 
Producers, U.S.Am, 1977, U.S. Depart::Irent of o:mnerce, CUrrent Industrial 
Reports, December 1977; Energy and Envirornnental Analysis, Inc.; Draft 
Report, "Prel.lln:i.nary Econanic Assessment of Effluent Limitations in the 
Inorganic Chemical Irrlustryc '' June, 1978 and "Eoonomic Analysis of 
Proposed Revised Effluent Gu1delines and Standards for the Inorganic 
Chemicals Industry," March, 19 80 

NA =Not Available 907 



TABLE 26. 36-1 - SUl3CA'l'EIDRY PROFILE DATA SUMMARY 

SODIUM METAL 

Total suOCa.tegory capacity rate 381,000 kkg/year 

Total subcategory production rate NA 

Nmnber of plants in this subcategory 5 

308 Data on file for 3 

With total capacity of 96,340 kkg/year 

With total production of 78,541 kkg/year 

Representing capacity 25 percent 

Representing production NA 

Plant production range: 

M:i.IDmum NA 

.Max.inn.lm NA 

Average production NA 

Median production NA 

Average capacity utilization NA 

Plant age range: 

M:i.n:inrum NA 

Maximum NA 

waste water flow ra!lge: 

M:i.n:inrum NA 

Maximum NA 

VolUme per unit product: 

Min:im.lm NA 

Maximum NA 

Sources of data are Stanford· Research Institute, Directory of Chemical 
PJ:oducers, U.S.A., 1979, U.S. Department of Corrmerce, CUrrent Industrial 
Reports, December 1977; Energy and Environmental Analysis, Inc.; Draft 
Report, 11Preliminary Econanic Assessrent of EfflUent Lllnitations in the 
Inorganic Chenical Industry, 11 Jrme, 1978 and "Economic Analysis of 
Proposed Revised Effluent Guidelines and Standards for the Inorganic 
Chemicals Industry," March, 19 80 
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Toxic Metals 

Data has been received on about 60% of the industry as a 
result of Section 308 letters. In addition, sampling surveys 
were made at two plants re~resenting 38% of the industry. Toxic 
pollutants found during sampling were as follows: 

Maximum Concentration 
Pollutant Observed ~g/1 

Copper 31 

Zinc 13 

Dichlorobromomethane 33 

Chloroform 10 

These pollutants are at very low concentrations which are 
far below accepted treatability levels. 

Status of Regulations 

BPT regulations (40 CFR 415.182) were promulgated on March 
12, 1974. These regulations have since been remanded by the 
court. 

BAT and NSPS regulations requiring zero discharge (40 CFR 
415.183) were promulgated on March 12, 1974. These regulations 
have been since remanded by the court. However, it has been 
determined that the sodium metal subcategory be excluded from 
BAT and NSPS regulations because data from section 308 letters 
and sampling surveys indicate that toxic pollutant 
concentrations are far below accepted treatable levels. 

Because no significant quantities of toxic pollutants are 
present no further effort will be given to development of 
pretreatment regulations for this subcategory. 

26.37 SODIUM SILICATE 

Summary of peterminations 

It has been determined that no further effort be given to 
developing BPT, BAT, NSPS, and Pretreatment regulations for the 
Sodium Silicate Subcategory. The basis for this determination 
is that the small quantities of toxic pollutants found during 
screening are below accepted levels of treatability. This 
subcategory is excluded under paragraph 8 of the Consent Decree. 
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Production Processes and Effluents 

Sodium silicate is manufactured both in liquid and anhydrous 
powdered form. It has many industrial uses, such as additives 
in adhesives, flocculants, and cleaning agents. It is also used 
in the produciton of soap and household detergents. Sources of 
process waste water include contact cooling water, filter 
backwash, gas scrubbers and tank cleaning. 

OThe industry profile for this subcategory is given in Table 
26.37-1. 

Toxic Pollutants 

Data has been received on about 63% of the industry as a 
result of Section 308 letters. In addition, a sampling survey 
was made at one plant which represents about 6% of the industry. 
The following pollutants were detected: nickel, copper and 
zinc. These levels are below accepted treatability levels. In 
addition, the sampling data was taken from waste waters 
receiving insufficient treatment. The wastes were ponded to 
remove suspended solids consiting essentially of sand and other 
silicates. Normally the pH of the wastes would be lowered to 9 
and receive additional settling. However the dissolved silicate 
and high pH are considered beneficial by sewerage authorities in 
the removal of solids in primary and secondary settling systems. 

Maximum concentrations of toxic pollutants found during 
sampling are: 

Pollutant 

Copper 

Nickel 

Zinc 

Status of Regulations 

(llg/1) 

347 

121 

181 

BPT, BAT, and NSPS regulations (40 CFR 415.192} requiring 
zero discharge of pollutants were promulgated on March 12, 1974. 
These regulations have since been remanded by the court and are 
not in effect. 

Because no significant quantities of toxic pollutants are 
present no further effort will be given to development of 
pretreatment regulations for this subcategory. 
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'£ABLE 26.37-l - SUBCA'I'EXDRY PROFILE DATA SUMMARY 

SODIUM SILICATE 

'Ibtal subcategory capacity rate , (27 Plants) 

'Ibtal subcategory production rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing production 

Plant production range: 

Minimum 

Maximum 

Average production 

Merlian production 

Average capacity utilization 

Plant age range: 

Minimum 

Maxirnum 

waste water flow range: 

Minimum 

Maximum 

Volume per unit product: 

Minimum 

Maxirnum 

927,300 kkg/year 

NA 

39 

21 

NA 
431,000 kkg/year 

47 percent 

NA 

12,400 kkg/year 

57,300 kkg/year 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

7 years 

43 years 

Sources of data are Stanford Research Institute, Directory of Chemical 
Producers, U.S.A., 1979, u.s. Department of Cc.mrerce, CUrrent Industrial 
Reports, December 1977; Energy arx1 Envirornnental Analysis, Inc.; Draft 
Report, "Preliminary Econcmic Assessnent of Effluent Limitations in the 
Irx:>rganic Chanica! Irrlust:J:y," June, 1978 and "Economic Analysis of 
Proposed Revised Effluent Guidelines and Standards for the Inorganic 
Chemicals Industry," March, 19 80 

NA = Not Available 
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26.38 SODIUM SILICOFLUORIDE 

Summary of Determinations 

This subcategory has been excluded from the present study 
but will be included in the Phase II, Inorganic Chemicals, 
review. 

Production Processes and Effluents 

Sodium silicofluoride is used in the manufacture of sodium 
fluoride and in the light metal industry as a protective agent. 
It is also used as and insecticide, as a fluxing and opacity 
agen agent for ceramics and in detergent products. 

The industry profile for this subcategory is given in Table 
26.38-1. 

26 .39 SODIUM SULFITE 

Summary of Determinations 

It has been determined that no further efforts be given to 
developing or rev1s1ng regulations for the Sodium Sulfite 
Subcategory. The basis for this determination is that there are 
existing · regulations for BAT and NSPS that require zero 
discharge of process waste water pollutants (40 CFR 415.203 and 
415.205). The subcategory is excluded under Paragraph 8 of the 
Consent Decree. Pretreatment standards will be developed in 
Phase II. 

Production Processes and Effluents 

Sodium sulfite is produced by two processes. One is the 
direct reaction of soda ash with sulfur dioxide. There are four 
plants manufacturing sodium sulfide using this process. In the 
other process, sodium sulfite is produced as a by-product in the 
manufacture of phenol. Since this process is used primarily to 
produce phenol and its derivatives, it is not considered for 
this subcategory. 
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TA'Bl:E 26. 38-l - SUBCATEIDRY PROFILE DATA SUMMARY 

StJBCATEOORY SODIUM SILICOFLUORIDE 

'lbtal subcategory capacity rate 

'lbtal subcategory production rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Represe1ting capacity 

Represe1ting production 

Plant pJ::oduction range: 

Minimum 

Maxinrum 

Average production 

Median production 

Average capacity utilization 

Plant age range: 

Minimum 

Maximum 

waste Wa't:Br flow range·: 

Minimum 

Maxinrum 

Volume per unit product: 

Minimum 

Maxinrum 

NA 

51, 800 kkg/year 

6 

1 

7, 460 kkg/year 

3,970 kkg/year 
NA 

7.5 percent 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Sources of data are Stanford Research Institute, Directory of Chanica! 
Producers, u.s.A., 1977, u.s. Department of Ccmnerce, CUrrent Industrial 
Reports, December 1977; Energy and Environmental .Analysis, Inc. ; Draft 
Report, "Preliminary Ecx:>nanic Assessment of Effluent Limitations in the 
Inorganic Chanica! Irdustry ;• June, 1978 and "Economic Analysis of 
Proposed Revised Effluent Guidelines and Standards for the Inorganic 
Chemicals Industry," March, 19 80 

NA = Not Available 913 



26~40 SODIUM THIOSULFATE 

Summary of Determinations 

It has been determined that no further effort be given to 
developing BPT, BAT, NSPS, or Pretreatment regulations for the 
Sodium Thiosulfate Subcategory. The basis for this 
determination is that no toxic pollutants were found at 
significant levels in the raw waste during screening of one 
plant. The subcategory is excluded under Paragraph 8 of the 
Consent Decree • . 
Production Processes and Effluents 

Most of the sodium thiosulfate is produced by the sulfur
sodium sulfite process. It is used extensively in the 
development of negatives and prints in the, photographic 
industry. It is also used in medicine, in the paper and dyeing 
industries, and as a bleaching agent for natural products. 
Process waste water source include filter backwash and the 
discharge from barometric condensers. 

The subcategory profile data are given in Table 26.40-1. 

Toxic Pollutants 

Data has been received on about 33 percent of the industry 
as a result of Section 308 letters. A sampling survey at one 
plant indicated that toxic pollutants in the effluent are below 
treatment levels. 

Toxic pollutants identified in the effluent were: 

Pollutant 

Copper 

Zinc 

Status of Regulations 

Concentration (~g/1) 

91 

94 

Subpart BG has been reserved for this subcategory. 

26.41 STANNIC OXIDE 

Summary of Determinations 

It has been determined that no additional effort be given to 
developing revised BAT, or NSPS regulations for this 
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TABLE 26.40-1 - SlJBCA'I'EGJRY PROFILE DATA StlMMARY 

SODIUM THIOSULfATE 

'Ibtal subcategory capacity rate 

'Ibtal subcategory production rate 

Number of plants in this subcategory 

308 Data on file for 

With tot.al capacity of 

With total production of 

Representing capacity 

Representing production 

Plant production range: 

.Max:ilnum 

Average production 

Merlian production 

Average capacity utilization 

Plant age range: 

Minimum 

Max:ilnum 

waste water flow range: 

Min:i.mum 

Max:iinum 

Volume per unit product: 

Minimum 

Max:ilnum 

NA 

NA 

6 

5 

88,000 kkg/year 

70,300 kkg/year 

NA 

NA 

4,400 kkg/year 

27,000 kkg/year 

NA 

NA 

NA 

3 years 

51 years 

NA 

NA 

NA 

NA 

> 

Sources of data are Stanford Research Institute, Directory of Chanica! 
Producers, U.S.Ao, 1977, U.S. Department of o:mnerce, CUrrent Industrial 
Reports, December 1977; Energy and Enviro~tal Analysis, Inc.; Draft 
Report, "Preliminary Econanic Assessment of Effluent Limitations in the 
Inorganic Chemical Industry ;• June, 1978 and "Economic Analysis of 
Proposed Revised Effluent Guidelines and Standards for the Inorganic 
Chemicals Industry," March, 1980 

NA = Not Available 915 



subcategory. The basis for this recommendation is that existing 
regulation for BPT is zero discharge. Pretreatment standards , 
will be developed in Phase II. 

Production Process and Effluents 

Tin is reacted with air and oxygen in a furnace to form 
stannic oxide. The product is recovered with dry bag collectors 
and packaged for sale. There is no process waste water from 
this process. 

Plants 

There are three plants producing stannic oxide. 

BPT Limitations 

Regulations for BPT were promulgated on May 22, 1975 (40 CFR 
415. 602) and require zero discharge of process waste water 
pollutants. The regulations have not been challenged. 

BAT and NSPS Limitations -- -- - __.;;;.;;...;...___;;;;..;.... __ 
Zero discharge regulations were proposed for BAT and NSPS on 

May 22, 1975. Since BPT already requires zero discharge, BAT 
and NSPS are being excluded under Paragraph 8 of the Consent 
Decree. 

26.42 STRONG NITRIC ACID 

Summary of Determinations 

It has been determined that no further effort be given to 
developing regulations for the Nitric Acid (Strong) Subcategory. 
The basis for this determination is that no process related 
toxic pollutants were found at significant levels in the proc~ss 
waste water during screening of two plants and verification of 
one plant. The subcategory is excluded under Paragraph 8 of the 
Consent Decree. 

Production Processes and Effluents 

Most of the s·trong nitric acid is produced by dehydration of 
dilute nitric acid. Strong nitric acid is used in the 
manufacture of organic compounds where nitric acid acts as an 
oxiding agent instead of an acid. It is also used in the 
manufacture of dye intermediates and explosives. The principal 
waste water source is derived from equipment washing. The 
industry profile data are given in Table 26.42-1. 

916 



TABLE 26. 42-1 - SUBCA'I'EIDRY PROFilE DATA Sl.JMMARY 

STRONG NITRIC ACID 

Total subcategory capacity rate 

Total subcategory pnxluction rate 

Number of plants in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing production 

Plant pnxluction range: 

Minimum 

Maximum 

Average production 

Median production 

Average capacity utilization 

Plant age range: 

Minimum 

Maximum 

waste-water flow range: 

Minimum 

Maximum 

Volume per unit pnxluct: 

Minimum 

Maximum 

NA 

NA 

NA 

5 

155,200 ~g/year 

121,000 kkg/year 

NA 

NA 

5, 300 kkg/year 

60,200 kkg/year 
NA 

NA 

NA 

11 years 

49 years 

NA 

NA 

NA 

NA 

Sources of data are Stanford Research Institute, Directory of Chemical · 
Producers, u.s.A., 1977, u.s. Department of Ccmnerce, CUrrent Industrial 
Reports, December 1977; Energy and Envirornnental Analysis, Inc.; Draft 
Report, "Preliminary Eoonanic Assessnent of Effluent Limitations in the 
Inorganic Chanica! :Industry," June, 1978 and "Economic Analysis of 
Proposed Revised Effluent Guidelines and Standards for the Inorganic 
Chemicals Industry," March, 19 80 

NA = Not Available 
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Toxic Pollutants 

Toxic pollutants found in the waste streams during sampling 
of strong nitric acid plants were: 

Pollutant 
Maximum 

Concentration Observed (~g/1) 
Screening Verification 
(2 Plants) (1 Plant) 

Chromium 40,000 < 50 
Zinc 900 120 
Lead 70 < 10 
Mercury 8.6 1.2 
Silver .69 < ]5 
Nickel < 5.0 < 50 
Cadmium < 2.0 < 2.0 
Cyanide .020 < .020 

In a follow-up, it was found that the chromium and zinc are 
used as corrosion inhibitors in the cooling tower, and are not 
process related. Control of these pollutants should involve 
best management practices instead of end-of-pipe treatment. 

Status of Regulations 

Subpart AV has been reserved for this subcategory. 

26.43 SULFUR DIOXIDE 

Summary of Determinations 

It has been determined that no further effort be given to 
developing BPT, BAT, NSPS, and Pretreatment regulations-for the 
Sulfur Dioxide Subcategory. The basis for this determination is 
that no toxic pollutants were found at significant levels in the 
raw waste during screening of one plant. The subcategory should 
be excluded under Paragraph a· of the Consent Decree. 

Production Processes and Effluents 

Most of the sulfur dioxide is produced by air oxidation of 
sulfur. The major portion of sulfur dioxide production is in 
the gaseous form, although a small percentage is also produced 
in liquid form. In the gaseous form, it is predominantly used 
in on-site manufacture of sulfuric acid. It is also used in the 
paper and petroleum industries, as well as for fermentation 
control in the wine industry, for bleaching in the textile and 
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food industries, and in the production of other chemicals. The 
waste water source at one plant was a process effluent from an 
extraction operation. 

The subcategory profile data are given in Table 26.43-1. 

Toxic Pollutants 

Data has been received on about 33 percent of the industry 
as a result of Section 308 letters. No toxic pollutants were 
found at significant levels in waste waters during the screening 
of one sulfur dioxide plant. 

Status of Regulations 

Subpart BI (40 CFR 415.610, 5/22/75) has been reserved for 
this subcategory. 

26.44 SULFURIC ACID INDUSTRY 

Summary of Determinations 

It has been determined that no further effort be given to 
developing BPT, BAT, NSPS, and Pretreatment regulations for the 
Sulfuric Acid Subcategory. The basis for this determination is 
that the small quanti ties of to}tic pollutants found during 
screening are far below accepted tre'atabili ty levels. This 
determination applies to the production of sulfuric acid by the 
contact process from elemental sulfur only. This subcategory is 
excluded under Paragraph 8 of the Consent Decree. 

Production Processes and Effluents 

Sulfuric acid is one of the most extensivley used of all 
manufactured chemicals. The major industrial use is in the 
fertilizer industry, with on-site captive·use of the product as 
a dominant practice. It is also used in the manufacturing of 
plastics, explosives, detergents, hydrofluoric acid, nuclear 
fuel and several other organic and inorganic products. This 
industry has no process waste water, but does have cooling tower 
blowdown. 

The industry profile data for this subcategory- are given in 
Table 26.44-1. 
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TABLE 26. 43-1 - SUBC.ATEIDRY PROFILE DATA SUMMARY 

SULFUR DIOXIDE 

TOtal subcategory capacity rate 

TOtal subcategory production rate 

Number of plants :in this subcategory 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing pl:Oduction 

Plant production range: 

Min:imum 

MaxinU1m 

Average production 

Median pl:Oduction 

Average capacity utilization 

Plant age range: 

Min:imum 

Maximum 

waste water flow range: 

Minimum 

Maxiim.lm 

Volume per unit product: 

Minimum 

Max:i.rmim 

NA 

NA 

15 

5 

453,000 kkg/year 

364,000 kkg/year 

NA 

NA 

27, 800 kkg/year 

170,000 kkg/year 
NA 

NA 

NA 

3 years 

51 years 

NA 

NA 

NA 

NA 

Sources of data are Stanford Research Institute, Directory of Chanica! 
Producers, u.s .A. , 1977, u.s. Department of Ccmnerce, current Industrial 
Re];X>rts, December 1977; Energy and Environmental Analysis, Inc.; Draft 
Report, 11Prelirninary Eoonanic Assessrent of Efflue!ft Lllnitations :in the 
Irx>rganic Chanica! Irrlustry," June, 1978 and "Economic Analysis of 

Proposed Revised Effluent Guidelines and Standards for the Inorganic Ch~cals 
Industry," March, 1980 

NA = Not Available 920 



TABLE 26.44-1 - SUBC.ATEXnRY PROFILE DATA SUMMARY 

SULFURIC ACID 

Total Slll::category ca:pacity rate 

Total Slll::category production rate 

Number of plants in this Slll::category 

308 Data on file for 

With total capacity of 

With total production of 

Representing capacity 

Representing production 

Plant production range: 

Minimum 

Maximum 

Average production 

Median production 

Average ca:pacity utilization 

Plant age range: 

Minimum 

l\1axinrum 

waste water flow range: 

J~ 

Maximum 

Volume per tmi t product: 

Minimum 

Maximum 

33,619,000 kkg/year 

NA 
109 

52 

7,758,000 kkg/year 

6,308,000 kkg/year 

23 percent 

NA 

5,300 kkg/year 

4 7, 700 kkg/year 

NA 

NA 

NA 

3 years 

78 years 

NA 

NA 

NA 

NA 

Sources of data are Stanford Research Institute, Directory of Chanica! 
Producers, u.s.A., 1979 , u.s. Deparbnent of Ccmnerce, CUrrent Industrial 
Reports, Decanber 1977; Energy and Envirornnental Analysis, Inc.; Draft 
Report, "Preliminary Econanic Assessrrent of Effluent Limitations in the 
Inorganic Chanica! Industry," June, 1978 and "Economic Analysis of 
Pro.I;X>sed Revised Effluent Guidelines and Standards for the Inorganic 
Chemicals Industry, " March, 19 80 

NA = Not Available 921 



Toxic Po11utants 

Data has been received on about 21% of the industry as a 
result of Section 308 letters. In addition a sampling survey 
was made at one J?lant which represents less than l% of the 
industry. Only n1ckel and copper were detected but were at 
levels far below accepted treatability concentrations. They 
probably result from corrosion and are concentrated by recycling 
the cooling water. Apart from waterside corrosion some 
corrosion products results from acid leaks. However, BPT 
regulations require pH control and this will limit this problem. 

Status of Regu1ations 

BPT regulations (40 CFR 415.2J2) were promulgated on March 
12, 1974. These regulations have been remanded by the court. 

NSPS and BAT regulations requiring zero discharge (40 CFR 
415.212) were promulgated on March 12, 1974. These regulations 
were subsequently remanded by the court. Because no significant 
quantities of toxic pollutants are present no further effort 
will be given to development of pretreatment regulations for 
this subcategory. 

26.45 ZINC OXIDE 

Summary of Determinations 

It has been determined that no further effort be given to 
developing BAT, NSPS, or pretreatment regulations for the Zinc 
Oxide Subcategory. The bases for this determination are 1) only 
one plant exists the generates process liquid effluents from the 
manufacture of zinc oxide using the wet chemical process, and 2) 
processes using oxidation of zinc produce no waterborne wastes. 
The subcategory is excluded under Paragraph 8 of the Consent 
Decree. 

Production Processes and Eff1uents 

Two major processes are used for the manufacture of zinc 
oxide: 1) those involving oxidation of zinc, and 2) those 
involving precipitation from solution followed by calcination. 
Two methods are used to prepare zinc oxide using the oxidation 
process--the American Process and the French Process. 

In the American Process, zinc ore is dried and converted 
to crude oxide by roasting at approximately 1000 degrees c. 
Zinc sinter is introduced into a reaction kiln with equal 
amounts of coke. The zinc vapor and carbon monoxide formed are 
oxidized to zinc oxide and carbon dioxide and drawn off through 
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ducts to cyclone and baghouse collection equipment. No 
waterborne wastes are generated. 

In the French Process, crude zinc oxide sinter and dried 
coke are mixed with binder and fed through br iauetting rolls. 
The raw briquettes are fed into cokers operating at temperatures 
between 500 and 1000 degrees C. Zinc sinter is converted to 
zinc metal in vapor using electrical ore vaporizers or rotary 
burners. The zinc vapors are purified to remove lead and 
cadmium impurities. The purified zinc is then vaporized and 
reacted with oxygen to produce zinc oxide, which is recovered by 
dry collection methods, cooled, and packaged. No waterborne 
wastes are generated. 

In the wet chemical process, crude zinc oxide recovered from 
lead smelters is used as the raw material. The zinc oxide is 
leached with caustic soda solution to remove sulfate and 
dissolve lead salts. The undissolved zinc oxide is then 
recovered from the leaching mixture washed, and neutralized to 
remove alkali, dried, calcined, and packaged. Waterborne wastes 
are generated from the deleading step, desulfating step, etc. 

Plants 

There are about 20 zinc oxide producers in the United 
States. The producers include both primary and secondary. The 
final product of the primary producers is zinc oxide, while the 
secondary producers manufacture zinc oxide and use it to make 
other products including zinc sulfate, zinc acetate, zinc 
chloride, and zinc nitrate. About 80-90 percent of the total 
zinc oxide produced is made by the American and French 
Processes, and 10 p~rcent is made by one plant using the wet 
chemical process. 

26.46 ZINC SULFATE 

Summary of Determinations 

It has been determined that no further effort be given to 
developing revised BAT or NSPS regulations for the Zinc Sulfate 
Subcategoryo The basis for this determination is that existing 
BPT regulations specify zero discharge of process waste waters 
to navigable waters. Pretreatment standards will be developed 
in Phase II. 

Production Processes and Effluents 

Zinc sulfate is produced by reaction of sulfuric acid with 
various crude zinc starting materials, such as zinc o~ide from 
brass mill fumes, zinc metal residues from various sources, and 
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zinc carbonate by-product from sodium hydrosulfite manufacture. 
The following basic steps are followed: reaction of the zinc 
containing raw material with refiltration of solids, and either 
evaporation to dryness or sale as solution grade. Liquors from 
the preceding processes are, in some cases, refined to recover 
by-products and other waste waters are recycled. The only 
wastes are filter cake residues. 

Pl.ants 

There are eighteen plants producing zinc sulfate and none 
are known to discharge wastes from the process system. 

BPT Limitations 

Regulations were promulgated on May 22, 1975 (40 CFR 
415. 632) requiring no discharge of process waste water 
pollutants to navigable waters. The discharge of contaminated 
non-process waste water is permitted. This includes rainfall 
runoffs, accidental spills, accidental leaks, and discharges 
related to personal safety equipment. All reasonable measures 
must ·be taken to prevent, reduce and control such contact to the 
maximum degree feasible, and to mitigate the effects of such 
contact once it has occurred. 

BAT and NSPS Limitations 

BAT and NSPS guidelines were proposed on May 22, 1975, 
requiring zero discharge of process wastes to naviqable waters. 
Since BPT already requires zero discharge, BAT and NSPS are 
excluded under Paragraph 8 of the Consent Decree. 
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INTRODUCTION 

APPENDIX A 
ANALYSIS OF LONG-TERM EFFLUENT 

MONITORING DATA 
FOR 

THE INORGANIC CHEMICALS INDUSTRY 

This appendix contains tabulated summaries of the 
statistical parameters derived from the analysis of long-term 
effluent monitoring data collected by industry and reported to 
the EPA or state regulatory agencies during the last two or 
three years. The particular sets of data selected for analysis 
are taken from plants which apply a well defined treatment 
technology to process waste waters from single product or 
product group manufacturing operations associated with a 
specific subcategory. Data have been excluded which represent 
waste waters diluted with noncontact cooling water or commingled 
with waste sources from unrelated.products. Each table in the 
appendix indicates the actual number of observations on which 
the calculated statistical parameters are based. The derivation 
of the parameters was discussed in Section 8.2 of the 
development document. 

The statistical performance information presented here was 
used to develop the proposed limitations for each subcategory 
considered in detail in the main report. These were expressed 
as the Concentration Bases (mg/1) and Effuent Limits (kg/kkg) 
for each pollutant assuming the model plant flow conditions and 
applying the specified pollutant removal technologies at each 
level of treatment. The tables on the following pages summarize 
the available historical effluent monitoring results and give 
the individual plant performance characteristics in 
concentration and loading units for both daily and monthly 
measurements. Variability factors shown on each table were used 
to calculate the plant "Performance Standards" shown in the 
right hand column of each table. Similarly, the Variability 
Factor Ratio (VFR) used to calculate the subcategory Proposed 
Limitations is the variability factor for dcily measurements 
divided by variability factor for 30-day average data. 

In general, the monitoring time period for most firms doing 
so for NPDES permits was from January 1, 1975 through June 30, 



1976. Firms who monitored over this time period provided up to 
18 months of 30-day average data and as many as 547 measurements 
of daily or 24-hour data. In cases where monitoring was done 
less frequently than daily, perhaps omitted on weekends, or only 
weekly measurements, the actual number of observations used in 
the calculation is recorded for each parameter. 

Included in Appendix A are statistical measures appropriate 
to the analysis of long-term monitoring data and the historical 
performance of inorganic chemical pollutant discharge levels. 
The statistics presented include measures or amount of level of 
pollutant discharge, such as long-term average, minimum level, 
and maximum level for both daily, or 24-hour measurements, as 
well as 30-day average measurements. 

Also given in the table is the coefficient of variation, 
CV, which reflects the dispersion of measurements above and 
below the long-term average level. Other measures of 
variability that may be of interest, such as range or standard 
deviation are also calculated for any parameter from any 
information given herein. In addition to statistics of 
pollutant level and variati9n of pollutant level, variability 
factors are given for each parameter. A variability factor is 
the ratio of an upper percentile of the distribution of 
pollutant measurements to the long-term average pollutant level. 
The basis of the particular upper percentile chosen for 
variability factors is explained as a footnote to the table. 

The historical performance of each firm, using the 
variabiity factor, is given for each parameter and is expressed 
in the same units as the long-term average. 

For reference, the tables in Appendix A are organized by 
inorganic chemical subcategory and the manufacturing process in 
that subcategory. For each plant, as many as six tables are 
included. These tables appear in the following order. 

1. Daily measurements of pollutant concentrations in 
effluent stream given in parts per million (ppm). 

2. Daily measurements of total effluent discharge load 
measured in kilograms per day. 

3. 30-day averages of pollutant concentration (ppm). 

4. 30-day averages of total effluent pollutant load 
(kg/day) • 

5. Daily measurements of pollutant unit loadings in the 
effluent streams given in kilograms of pollutant per 
thousand kilograms of product (kg/kkg). 

A-2 



6. 30-day averages of pollutant unit loadings in the 
effluent stream given 1n kilograms of pollutant per 
thousand kilograms of product (kg/kkg) • 



Table A-la 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Chlorine 
Mercury Cell Process 

Plant f.A 

================================================================= 

Parameter 

(mg/1) 

Mercury 

TSS 

Chlorine 

No 

Historical Summary 
Statistics 

Min Avg Max cv 

530 • 006 • 014 • 021 • 286 

530 1.00 7.4 62. .581 

428 0.08 .638 1.50 .463 

(Total Residual) 

Variability 
Factors 

* 

1.88 

3.04 

2.28 

Performance 
Standards 

p 

.026 

22.5 

1.46 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

Table A-lb 
Historical Effluent Monitoring Data Summary 

with Variability Factors and Performance Standards 
Daily Measurements 

Subcategory Chlorine 
Mercury Cell Process 

Plant #A 

================================================================= 

Parameter 

(kg/day) 

Mercury 

Historical Summary 
Statistics 

No Min Avg Max CV 

530 .015 .031 .047 .129 

Chlorine 420 .156 1.44 3.40 .463 
(Total Residual) 

Variability 
Factors 

* 

1.66 

2.54 

Performance 
Standards 

p 

.051 

3.65 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 
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Table A-le 

Historical Effluent Monitoring Data Summary 
·with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Chlorine 
Mercury Cell Process 

Plant :fA 

================================================================= 

Parameter 

(mg/1) 

Mercury 

TSS 

Historical Summary 
Statistics 

No Min Avg Max CV 

18 .008 .014 .020 .293 

18 5.1 7.4 12.9 .355 

Chlorine 18 .380 .638 .847 .194 
(Total Residual) 

Variability 
Factors 

* 

1.47 

1.58 

1.38 

Performance 
Standards 

p 

.021 

11.7 

0.88 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 

Table A-ld 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Chlorine 
Mercury Cell Process 

Plant :f/'A 

================================================================= 

Parameter 

(kg/day) 

Mercury 

Chlorine 

Historical Summary 
Statistics 

No Min Avg Max CV 

18 .020 .031 .037 .197 

18 .91 1.44 2.23 

Variability 
Factors 

* 

1.33 

1.50 

Pe.rformance 
Standards 

p 

• 04i. 

2.16 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 
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Table A-le 

Historical Effluent Monitoring Data Summary 
with variability Factors and Performance Standards 

Daily Measurements 
Subcategory Chlorine 
Mercury Cell Process 

Plant #A 

================================================================= 

Parameter 
Historical Summary 

Statistics 

(g/kkg) No Min Avg Max CV 

Mercury 530 .027 .055 .084 

Chlorine 420 .00028 .0026 .006 
(Total Residual) 

Variability 
Factors 

* 

Performance 
Standards 

p 

.090 

.006 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

Table A-lf 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Chlorine 
Mercury Cell Process 

Plant fA 

================================================================= 

Parameter 

(g/kkg) 

Mercury 

Chlorine 

Historical Summary 
Statistics 

No Min Avg Max CV 

18 .035 .055 .065 

18 1.6 2.52 3.91 

Variability 
Factors 

* 

Performance 
Standards 

p 

.072 

3.8 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 
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Table A-2a 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Chlorine 
Mercury Cell Process 

Plant #B 

================================================================= 

Parameter 

(ug/1) 

Mercury 

Historical Summary 
Statistics 

No Min Avg Max CV 

516 .041 .634 2.87 .910 

Variability 
Factors 

* 

4.52 

Performance 
Standards 

p 

2.87 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

Table A-2b 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Chlorine 
Mercury Cell Process 

Plant 4~B 

================================================================= 

Parameter 

(kg/day) 

Mercury 

Historical Summary 
Statistics 

No Min Avg Max CV 

516 .0005 .011 .088 .818 

Variability 
Factors 

* 

4.35 

Performance 
Standards 

p 

.046 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 
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Table A-2c 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Chlorine Subcategory 
Mercury Cell Process 

Plant #B 

================================================================= 

Parameter 

(ug/1) 

Mercury 

Historical Summary 
Statistics 

No Min Avg Max CV 

17 .325 .634 1.15 .293 

Variability 
Factors 

* 

1.45 

Performance 
Standards 

p 

0.919 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 

Table A-2d 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Chlorine 
Mercury Cell Process 

Plant :ftB 

================================================================= 

Parameter 

(kg/day) 

Mercury 

Historical Summary 
Statistics 

No Min Avg Max CV 

17 .005 .011 .019 

Variability 
Factors 

* 

1.45 

Performance 
Standards 

p 

.015 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 
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Table A-2e 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Chlorine 
Mercury Cell Process 

Plant f.B 

================================================================= 

Parameter 

(g/kkg) 

Mercury 

Historical Summary 
Statistics 

No Min Avg Max CV 

516 .0037 .082 .658 

Variability 
Factors 

* 

' ' 

Performance 
Standards 

p 

.344 

------------·-----------------------------------------------------
* - 99% of the daily maximum measurements expected to be less 

than the performance standard, P. 

Table A-2f 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Chlorine 
Mercury Cell Process 

Plant ~B 
..! 

================================================================= I 

Parameter 

(g/kkg) 

Mercury 

Historical Summary_ 
Statistics 

Variability 
· Factors 

. ' ----------------------- -------------
No Min Avg Max CV * 

17 .037 .082 .14 

Performance 
Standards 

p 

.11 

~ .. .... ~ > -----------------------------------------------------------------
* - 95% of the monthly averages are expec~ed to be within the 

performance standard, P. 
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Table A-3a 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Chlorine 
Mercury Cell Process 

Plant #C 

================================================================= 

Parameter 

(mg/1) 

Mercury 

Historical Summary 
Statistics 

No Min Avg Max CV 

349 .0005 .014 .136 2.29 

Variability 
Factors 

* 

9.45 

Performance 
Standards 

p 

0.132 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

Table A-3b 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Chlorine 
Mercury Cell Process 

Plant #C 

================================================================= 

Parameter 

(kg/day) 

Mercury 

Historical Summary 
Statistics 

No Min Avg Max CV 

349 .0001 .003 .088 2.33 

Variability 
Factors 

* 

10.22 

Performance 
Standards 

p 

.028 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 
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Table A-3c 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Chlorine 
Mercury Cell Process 

Plant #C 

================================================================= 

Parameter 

(mg/1) 

Mercury 

Historical Summary 
Statistics 

No Min Avg Max CV 

17 .0009 .014 .062 1.21 

variability 
Factors 

* 

2.99 

Performance 
Standards 

p 

.042 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 

Table A-3d 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Chlorine 
Mercury Cell Process 

Plant #C 

================================================================= 

Parameter 

(kg/day) 

Mercury 

Historical Summary 
Statistics 

No Min Avg Max CV 

17 .0002 .003 .014 1.33 

variability 
Factors 

* 

3.22 

Performance 
Standards 

p 

.0088 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 
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Table A-3e 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Chlorine 
Mercury Cell Process 

Plant #C 

================================================================= 

Parameter 

(g/kkg) 

Mercury 

Historical Summary 
Statistics 

No Min Avg Max cv 

349 .0006 .017 .485 

Variability 
Factors 

* 

Performance 
Standards. 

p 

.154 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

Table A-3f 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Chlorine 
Mercury Cell Process 

Plant #C 

================================================================= 

Parameter 

(g/kkg) 

Mercury 

Historical Summary 
Statistics 

No Min Avg Max CV 

17 .0011 .016 .077 

Variability 
Factors 

* 

Performance 
Standards 

p 

.0485 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 
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Table A-4a 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measuremerit~ 
Subcategory Chlorine 
Mercury Cell Process 

Plant ¥D 

================================================================= 

Parameter 

(mg/1) 

Mercury 

Historical Summary 
Statistics 

No Min Avg Max cv 

82 .002 .004 .011 .500 

Chlorine 49 2.0 19.1 62 1.01 
(Total Residual) 

Variability 
Factors 

. * 

2.24 

4.96 

Performance 
Standards 

0.009 

94.7 

p 

* - 99% of the aaily maximum measurements expected to be less 
than the performance standard, P. 

Table A-4b 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Chlorine 
Mercury Cell Process 

Plant 41-D 

======================================~========================== 

Parameter 
Historical Summary 

Statistics 
Variability 

Factors 
Performance 
Standards 

-----------------------· ------------
(kg/day) No Min Avg Max CV * p . ' -----------------------------------------------------------------

Mercury 82 .021 .047 .118 .383 2.20 .• 104 

Chlorine 49 20.5 203 663 1.03 5.04 1026 
(Total Residual) 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

A-13 



Table A-4c 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Chlorine 
Mercury Cell Process 

Plant ¥.D 

==~============================================================== 

Parameter 

(mg/1) 

Mercury 

Historical Summary 
Statistics 

No Min Avg Max CV 

22 .003 .004 .008 .250 

Chlorine 14 4.0 19.1 57.8 .969 
(Total Residual) 

Variability 
Factors 

* 

1.60 

2.91 

Performance 
Standards 

0.006 

55.6 

p 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 

Table A-4d 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Chlorine 
Mercury Cell Process 

Plant #D 

==a~============================================================= 

PaFameter 

(kg/day) 

Historical Summary 
Statistics 

No Min Avg Max CV 

Variability 
Factors 

* 

Performance 
Standards 

p 

------------------------------~----------------------------------

Mercury 22 .032 .047 ~098 .340 

Chlorine 14 39.1 203 616 .945 
(Total Residual) 

1.66 

2.89 

.079 

588 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 
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Table A-4e 

Historical Effluent Monitoring Data Summary 
with variability Factors and Performance Standards 

Daily Measurements 
Subcategory Chlorine 
Mercury Cell Process 

Plant f.D 

=================================~=============================== 

Parameter 

(g/kkg) 

Mercury 

Chlorine 

Historical Summary 
Statistics 

No Min Avg Max CV 

82 .386 .864 2.17 

(Total Residual) 

Variability 
Factors 

* 

Performance 
Standards 

p 

1.91 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

Table A-4£ 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Chlorine 
Mercury Cell Process 

Plant :ftD 

================================================================= 

Parameter 

(g/kkg) 

Mercury 

Chlorine 

Historical Summary 
Statistics 

No Min Avg Max CV 

22 .588 .864 1.8 

(Total Residual) 

Variability 
F·actors 

* 

Performance 
Standards 

p 

1.45 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 
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Table A-Sa 

Historical Effluent Monitoring Data Summary 
with Variability_Factors and Performance Standards 

Daily Measurements 
Subcategory Chlorine 
Diaphram Cell Process 

Plant #E 

s:::============================================================= 

Parameter 

(kg/day) 

Lead 

Historical Summary 
Statistics 

No Min Avg Max CV 

153 .045 1.42 5.40 

Variability 
Factors 

* 

4.12 

Performance 
Standards 

p 

5.85 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

Table A-Sb 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Chlorine 
Diaphram Cell Process 

Plant :ftE 

================================================================= 

Parameter 

(kg/day) 

Lead 

Historical Summary 
Statistics 

No Min Avg Max CV 

12 .460 1.42 5.40 .824 

Variability 
Factors 

* 

1.58 

Performance 
Standards 

p 

2.25 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 
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Table A-5e 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Chlorine 
Diaphram Cell Process 

Plant :fi.E 

================================================================= 

Parameter 

(g/kkg) 

Historical Summary 
Statistics 

No Min Avg Max CV 

Variability 
Factors 

* 

Performance 
Standards 

p 

-----------------------------------------------------------------
Lead 153 .205 6.46 24.6 26.6 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

Table A-Sf 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Chlorine 
Diaphram Cell Process 

Plant f.E 

================================================================= 

Parameter 

(g/kkg) 

Lead 

Historical Summary 
Statistics 

No Min Avg Max CV 

12 2.09 6.46 24.6 

Variability 
Factors 

* 

Performance 
Standards 

p 

10.24 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 
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Tables A-6a, A-6b, A-6c, and A-6d 
(Deleted) 
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Table A-7a 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Hydrofluoric Acid/ 

Plant :f.G 

================================================================= 

Parameter 
Historical Summary 

Statist.ics 
Variability 

Factors 
Performance 
Standards 

(kg/day) No Min Avg Max CV * p 

Fluoride 15 4.54 16.7 27.2 .449 

16 7.26 28.6 52.2 .441 

1.74 

1.72 

29.0 

49.2 TSS 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 

Table A-7e 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Hydrofluoric Acid/ 

Plant f,G 

================================================================= 

Parameter 

(g/kkg) 

Fluoride 

TSS 

Historical Summary 
Statistics 

No Min Avg Max CV 

15 99.1 365 594 

16 158.5 624 1140 

Variability 
Factors 

* 

Performance 
Standards 

633 

1074 

p 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 
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Table A-8b 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Titanium Dioxide 

Chloride Process 
Plant :f!'H 

================================================================= 
Historical Summary Variability Performance 

Parameter Statistics Factors Standards 
----------------------- -------------

(kg/day) No Min Aver Max cv * p 

-----------------------------------------------------------------
Chromium 394 .000 .013 .210 1.69 7.78 .097 

Copper 394 .000 .027 .190 1.04 5.20 .139 

Zinc 394 .000 .028 .108 .679 3.42 .097 

TSS 394 0.40 8.34 176. 1.92 8.35 69.7 

* - 99% Of the daily maximum measurements expected to be less 
than the performance standard, P. 
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Table A-8c 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Titanium Dioxide 

Chloride Process 
Plant #H 

================================================================= 
Historical Summary Variability Performance 

Parameter Statistics Factors Standards 
----------------------- -------------

(mg/1) No Min Aver Max cv * p 

-----------------------------------------------------------------
Chromium 13 .ooo .004 • OJ 3 .750 2.46 0.010 

Copper 13 .ooo .010 .030 .700 2.43 0.024 

Zinc 13 .001 .012 .026 .500 1.93 0.023 

TSS 13 1.20 3.14 8.60 .599 1.98 6.22 

* - 95% of the monthly averages are expected to be within the 
performance standard, p. 
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Table A-8d 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Titanium Dioxide 

Chloride Process 
Plant iH 

================================================================= 
Historical Summary Variability Performance 

Parameter Statistics Factors Standards 
----------------------- -------------

(kg/day) No Min Avg Max cv * p 

-----------------------------------------------------------------
Chromium 13 .002 .013 .043 .769 2.62 .033 

Copper 13 .000 .027 .100 .852 2.74 .073 

Zinc 13 .004 .028 .051 4.29 1.80 .051 

TSS 13 2.60 8.34 24.0 .695 2.14 17.9 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 
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Table A-8e 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Titanium Dioxide 

Chloride Process 
Plant #H 

================================================================= 

Parameter 

(g/kkg) 

Chromium 

Copper 

Zinc 

TSS 

Historical Summary 
Statistics 

No Min Aver M~x CV 

394 .000 .178 2.88 

394 .000 .37 2.6 

394 .000 .384 1.48 

394 5.49 114 2415 

Variability 
Factors 

* 

Performance 
Standards 

1.33 

1.9 

1.33 

956 

p 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

' 
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Table A-Sf 

Historic~! E~fluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Titanium Dioxide 

Chloride Process 
Plant #H 

================================================================= 

Parameter 

(g/kkg) 

Chromium 

Copper 

Zinc 

TSS 

Historical Summary 
Statistics 

No Min Avg Max CV 

13 .027 .178 .59 

13 .000 .37 1.37 

13 .055 .384 .70 

13 35.7 114 329 

Variability 
Factors 

* 

Performance 
Standards 

.453 

1.0 

.70 

246 

p 

-----------------------------------------------------------------
* - 95% of the monthly averages are expected to be within the 

performance standard, P. 
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Table A-9a 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Titanium Dioxide 

Sulfate Process 
Plant fi 

================================================================= 
Historical Summary Variability Performance 

Parameter Statistics Factors Standards 
----------------------- -------------

(mg/1) No Min Avg Ma~c cv * p 

-----------------------------------------------------------------
Cadmium 26 .001 .009 .020 .444 2.03 0.018 

Chromium 26 .010 .021 .070 .857 4.23 0.088 

Iron 30 .40 3.25 19.1 1.42 6.74 21.9 
(total) 

Iron 153 .080 .279 4.98 2.01 8.64 2.41 
(d iss) 

Lead 26 .002 .017 .050 .765 3.67 0.062 

Nickel 26 .010 .029 .080 .690 3.52 0.102 

Zinc 26 .010 .027 .300 2.1J 9.93 0.268 

TSS 183 35.8 1.71 7.70 276. 

* - 99% Of the daily maximum measurements expected to be less 
than the performance standard, P. 
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Table A-9a-l 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Titanium Dioxide 

Sulfate Process 
Plant 4)I 

April 76 through September 78 

================================================================= 
Historical Summary Variability Performance 

Parameter Statistics Factors Standards 

----------------------- -------------
(mg/1) No Min Avg Max cv * p 

-----------------------------------------------------------------
") 

Cadmium 109 .001 .058 .100 .762 3.85 .224 

Chromium 128 .010 .072 .400 .755 3.81 .275 

Iron** 854 .010 .620 59.9 5.58 13.5 8.39 

Lead 128 .002 .068 .100 .609 3.15 .214 

Nickel 128 .010 .080 .680 .883 4.39 .354 

Zinc 128 .010 .151 1.14 1.35 6.41 .966 

TSS 899 .000 21.2 9·75 3.11 11.0 233 

-----------------------------------------------------------------
* - 99% of the daily maximum measurements expected to be less 

than the performance standard, P. 

** 04-76 to 08-78 

A-26 



Table A-9a-2 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Titanium Dioxide 

Sulfate Process 
Plant #I 

September 78 through February 79 

================================================================= 
Historical Summary Variability Performance 

Parameter Statistics Factors Standards 
----------------------- -------------

(mg/1) No Min Avg Max cv * p 

-----------------------------------------------------------------
Cadmium 22 .1 .1 .1 0 1 .1 

Chromium 22 .10 1.8 7.40 1.38 6.52 11.7 

Iron 164 .80 335 680 .475 2.59 867 

Lead 22 .1 .1 .1 0 1 .1 

Nickel 22 .100 .991 3.50 1.28 6.13 6.07 

Zinc 22 .100 2.10 7.90 1.24 5.96 12.5 

TSS ** 136 3.99 248 2,699 1.48 6.87 1704 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

** 09-78 to 01-79 
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Table A-9b-l 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Titanium Dioxide 

Sulfate Process 
Plant fi 

April 76 through September 78 

=====3=========================================================== 
Historical Summary Variability Performance 

Parameter Statistics Factors Standards 
----------------------- -------------

{kg/day) No Min Avg Max cv * p 

-----------------------------------------------------------------
Cadmium 109 .004 .432 .908 .782 3.95 1.70 

Chromium 128 .045 .526 2.65 .707 3.61 1.90 

Iron** 854 1.00 4.29 3,854 5.78 13.6 585 

Lead 128 .008 .503 .908 .634 3.27 1.65 

Nickel 128 .047 .576 3.99 .790 3.98 2.29 

Zinc 128 .049 1.07 55.1 1.33 6.32 6.76 

TSS 899 26 1,350 58,820 2.79 10.5 14,120 

----------------------------------------------------------------
* - 99% of the daily maximum measurements expected to be less 

than the performance standard, P. 

** 04-76 to 08-78 
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Table A-9b-2 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Titanium Dioxide 

Sulfate Process 
Plant f.I 

September 78 through February 79 

-~ ================================================================= 
Historical Summary Variability Performance 

Parameter Statistics Factors Standards 
----------------------- -------------

(kg/day) No Min Avg Max cv * p 

-----------------------------------------------------------------
Cadmium 22 .511 .692 .833 .112 1.29 .891 

Chromium 22 .643 11.9 48.7 1.35 6.38 75.9 

Iron 164 45 22,794 49,315 .49 2 2.65 60,467 

Lead 22 .583 .693 .833 .106 l.27 .882 

Nickel 22 .511 6.53 23.1 1.25 5.97 39.0 

Zinc 22 .511 14.6 55.1 1.23 5.90 86.1 
. 

TSS** 136 226 16,738 185,904 1.49 6.92 115,844 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

** 09-78 to 01-79 
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Table A-9c-l 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Titanium Dioxide 

Sulfate Process 
Plant #I 

April 76 through September 78 

================================================================= 
Historical Summary Variability Performance 

Parameter Statistics Factors Standards 
----------------------- -------------

(mg/1) No Min Avg Max cv * p 

-----------------------------------------------------------------
Cadmium 26 .003 .058 .100 .722 2.43 .142 

Chromium 30 .010 .072 .130 .524 2.04 .147 

Iron** 28 .060 .620 3.74 1.51 4.00 2.47 

Lead 30 .004 .068 .100 .578 2.14 .147 

Nickel 30 .010 .080 .245 .594 4.39 .354 

Zinc 30 .010 .151 .815 1.03 2.69 .406 

TSS 30 1.58 21.2 74.8 1.03 3.04 64.3 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 

** 04-76 to 08-78 
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Table A-9c-2 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Titanium Dioxide 

Sulfate Process 
Plant #I 

September 78 through February 79 

================================================================= 
Historical Summary Variability Performance 

Parameter Statistics Factors Standards 
----------------------- -------------

(mg/1) No Min Avg Max cv * p 

-----------·------------------------------------------------------
Cadmium 6 .1 .1 .1 0 1 .1 

Chromium 6 .10 1.8 4.8 1.17 3.32 5.98 

Iron 6 6.08 335 496 .421 1.84 615 

Lead 6 .1 .1 .1 0 1 .1 

Nickel 6 .100 .991 2.50 1.10 3.18 3.16 

Zinc 6 .325 2.10 1.50 .904 2.79 5.84 

TSS** 5_8f?.2 248 594 .750 2.49 617 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 

** 09-78 to 01-79 
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Table A-9d-l 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Titanium Dioxide 

Sulfate Process 
Plant :f!:I 

April 76 through September 78 

================================================================= 
Historical Summary Variability Performance 

Parameter Statistics Factors Standards 
----------------------- -------------

(kg/day) No Min Avg Max cv * p 

-----------------------------------------------------------------
Cadmium 26 .016 .432 .780 .743 2.47 1.07 

Chromium 30 .064 .526 .862 .549 2.09 1.10 

Iron** 28 4.00 42.9 294 1.59 4.14 177 

Lead 30 .021 .503 .852 .602 r 2.19 1.10 

Nickel 30 .065 .576 I.49 .569 2 .'13 1.23 

Zinc 30 .074 1.07 5.62 .996 2.97 3.18 

TSS 30 116 1,350 4,797 1.01 2.99 4,041 

. . -----------------------------------------------------------------
* - 95% of the monthly averages are expected to be within the 
· performance standard, P. 

** 04-76 to 08-78 
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Table A-9d-2 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Titanium Dioxide 

Sulfate Process 
Plant #I 

September 78 through February 79 

-------------------------------------------------------------------------------------------~--------------------------------------

Historical Summary Variability Performance 
Parameter Statistics Factors Standards 

----------------------- -------------
(kg/day) No Min Avg Max cv * p 

-----------------------------------------------------------------
Cadmium 6 .622 .692 .757 .065 1.13 .781 

Chromium 6 .685 11.9 33.6 1.17 3.32 39.4 

Iron 6 4,561 22,794 33,428 .431 1.85 42,248 

Lead 6 .667 .693 .757 .050 1.10 .762 

Nickel 6 ;681 6.53 17.3 1.09 3.16 20.6 

Zinc 6 2.39 14.6 33.8 .896 2.77 40.5 

TSS** 5 6,610 16,738 39,155 .717 2.42 40,495 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 

** 09-78 to 01-79 
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Table A-9e-l 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Titanium Dioxide 

Sulfate Process 
Plant :fi:I 

April 76 through September 78 

================================================================= 
Historical Summary Variability Performance 

Parameter Statistics Factors Standards 
----------------------- -------------

(g/kkg) No Min Avg Max cv * p 

-----------------------------------------------------------------
Cadmium 109 .041 4.45 9.36 17.5 

Chromium 128 .464 5.42 27.3 19.6 

Iron** 854 10.3 44.2 39,711 6,028 

Lead 128 .082 5.18 9.36 17.0 

Nickel 128 .484 5.93 41.1 23.6 

Zinc 128 .505 11.02 568 69.7 

TSS 899 .268 13.91 606 145.5 (kg/kkg) 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

** 04-76 to 08-78 
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Table A-9e-2 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Titanium Dioxide 

Sulfate Process 
Plant #I 

September 78 through February 79 

================================================================== 

Parameter 

(g/kkg) 

Cadmium 

Chromium 

Iron 

Lead 

Nickel 

Zinc 

TSS** 

Historical Summary 
Statistics 

No Min Avg Max CV 

22 5.26 7.13 8.58 

22 6.62 122.6 502 

164 .464 235 508 

22 6.0 7.14 8.58 

22 5.26 67.3 238 

22 5.26 150 568 

136 2.33 172.5 1,915 

Variability 
Factors 

* 

Performance 
Standards 

p 

9.18 

782 

623 (kg/kkg) 

9.09 

402 

887 

1,194 (kg/kkg) 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

** 09-78 to 01-79 
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Table A-9f-l 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Titanium Dioxide 

Sulfate Process 
Plant f.I 

April 76 through September 78 

================================================================= 

Parameter 

(g/kkg) 

Cadmium 

Chromium 

Iron** 

Lead 

Nickel 

Zinc 

TSS 

Historical Summary 
Statistics 

No Min Avg Max CV 

26 .165 4.45 8.04 

30 .66 5.42 8.88 

28 41.2 442 3209 

30 .216 5.18 8.78 

30 .67 5.94 15.4 

30 .762 11.0 57.9 

30 1.2 13.9 49.4 

Variability 
Factors 

* 

Performance 
Standards 

p 

11.0 

11.3 

1,824 

11.3 

12.7 

32.8 

41.6 (kg/kkg) 

*- 95% of the monthly averages are expected to be within the' 
performance standard, P. 

** 04-76 to 08-78 

• 
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Table A-9f-2 

Historical Effluent Monitoring Data summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Titanium Dioxide 

Sulfate Process 
Plant fi 

September 78 through February 79 

================================================================= 
Historical Summary Variability Performance 

Parameter Statistics Factors Standards 
----------------------- -------------

(g/kkg) No Min Avg Max cv * p 

-----------------------------------------------------------------
Cadmium 6 6.41 7.13 7.8 8.05 

Chromium 6 7.06 123 346 406 -' .... ~ 1 

Iron 6 47.0 235 344 435 (kg/kkg) 

Lead 6 6.87 7.14 7.8 7.85 

Nickel 6 7.02 67.3 ]78 212 
"" 

Zinc 6 24.6 150 348 417 ''. 

TSS** 5 68.1 172.5 403 417 (kg/k_kg) 

* - 95% qf the monthly averages are expected to be witqin the 
performance standard, P. . ; 

** 09-78 to 01-79 
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Table A-lOa 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Aluminum Fluoride 

Plant ¥J 

============================~==================================== 

Parameter 

(mg/1) 

Lead 

Historical Summary 
Statistics 

No Min Avg Max CV 

152 0.11 2.28 12.8 .601 

Variability 
Factors 

* 

3.12 

Performance 
Standards 

p 

7.11 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

Table A-lOb 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Aluminum Fluoride 

Plant #J 

================================================================= 

Parameter 

(kg/day) 

Lead 

Historical Summary 
Statistics 

No Min Avg Max CV 

152 0.09 2.15 15.3 .753 

Variability 
Factors 

* 

3.82 

Performance 
Standards 

p 

8.20 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 
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Table A-lOe 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Aluminum Floride 

Plant 4:J 

================================================================= 

Parameter 
Historical Summary 

Statistics 
Variability 

Factors 
Performance 
Standards 

(mg/1) No Min Avg Max CV * p 

Lead 

* -

10 1.51 2.28 3.90 .601 1.55 3.54 

95% of the monthly averages are expected to be within the 
performance standard, P. 

Table A-lOd 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Aluminum Floride 

Plant fJ 

================================================================= 

Parameter 

(kg/day) 

Lead 

Historical Summary 
Statistics 

No Min Avg Max CV 

10 1.51 2.15 3.70 .326 

Variability 
Factors 

* 

1.54 

Performance 
Standards 

p 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 
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Table A-lOe 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

-Daily Measurements 
Subcategory Aluminum Fluoride 

Plant #J 

======;========================================================== 

Parameter 

(g/kkg) 

Lead 

Historical Summary 
Statistics 

No Min Avg Max CV 

152 .89 21.2 150 

Variability 
Factors 

* 

Performance 
Standards 

p 

80.7 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

Table A-lOf 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Aluminum Floride 

Plant fJ 

==========~====================================================== 

Parameter 

(g/kkg) 

Lead 

Historical Summary 
Statistics 

No Min Avg Max CV 

10 14.9 21.2 36.4 

Variability 
Factors 

* 

Performance 
Standards 

p 

32.5 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 
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Table A-lla 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Chrome Pigments Subcategory 

Plant f.K 

================================================================= 
Historical Summary Variability Performance 

Parameter Statistics Factors Standards 
----------------------- -------------

(mg/1) No Min Avg Max cv * p 

-----------------------------------------------------------------
Arsenic 23 .0096 .079 .235 .668 2.02 .156 

Cadmium 23 .050 .079 .164 .339 1.56 .123 

Chromium 23 .028 .112 • 592 1.04 2.70 .302 
(hexavalent) 

Chromium 23 .197 .442 .799 ,404 1.66 .733 
(Total) 

Copper 23 .038 .134 .296 ,529 1.87 .250 

Lead 23 .217 .412 1.635 ,681 2.12 .873 

Mercury 23 .0004 .001 .0018 ,,400 1.66 .0016 

Zinc 23 .012 .04 .087 ,437 1. 72 .074 

Cyanide 23 .0003 .019 .076 1.57 3.58 .068 
(Available) 

Cyanide 23 .025 .118 .316 .995 2.63 .310 
(total) 

TSS 23 0.27 11.2 33.3 .662 2.01 22.5 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 
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Table A-12a 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Hydrogen Cyanide 

Andrussow Process 
Plant f.L 

================================================================= 

Parameter 

(mg/1) 

Ammonia 

Historical Summary 
Statistics 

No Min Avg Max CV 

35 14. 113. 188 •• 335 

Variability 
Factors 

* 

2.02 

Performance 
Standards 

p 

229 

* - 99% Of the daily maximum measurements expected to be less 
than the performance standard, P. 

Table A-12b 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Hydrogen Cyanide 

Andrussow Process 
Plant #L 

================================================================= 

Parameter 

(kg/day) 

Ammonia 

Historical Summary 
Statistics 

No Min Avg Max CV 

35 112 1533 2419 .365 

Variability 
Factors 

* 

2.14 

Performance 
Standards 

p 

3283 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 
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Table A-12c 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Hydrogen Cyanide 

Andrussow Process 
Plant #L 

================================================================= 

Parameter 

(mg/1} 

Ammonia 

Historical Summary 
Statistics 

No Min Avg Max CV 

8 80. 113. 134 •• 335 

Variability 
Factors 

* 

1.32 

Performance 
Standards 

p 

]50 

* - 95% Of the monthly averages are expected to be within the 
performance standard, P. 

Table A-12d 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Hydrogen Cyanide 

Andrussow Process 
Plant :fi:L 

===========~===================================================== 

Parameter 

(kg/day) 

Ammonia 

Historical Summary 
Statistics 

No Min Avg Max CV 

8 908 1533 1941 .212 

Variability 
Factors 

* 

1.42 

Performance 
Standards 

p 

2177 

* - 95% of the monthly averages are expected to he within the 
performance standard, P. 

A-43 



Table A-12e 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Hydrogen Cyanide 

Andrussow Process 
Plant f.L 

================================================================= 

Parameter 

{kg/kkg) 

Ammonia 

Historical Summary 
Statistics 

No Min Avg Max CV 

35 .606 8.29 1309 

Variability 
Factors 

* 

Performance 
Standards 

p 

17.8 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

Table A-12f 

Historical Effluent Monitoring Data Summary 
with variability Factors and Performance Standards 

30 Day Averages 
Subcategory Hydrogen Cyanide 

Andrussow Process 
Plant f.L 

================================================================= 

Parameter 

{kg/kkg) 

Ammonia 

Historical Summary 
Statistics 

No Min Avg Max cv 

8 46.9 8.29 10.5 

Variability 
Factors 

* 

Performance 
Standards 

p 

11.8 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 
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Table A-13a 

Historical Effluent Monitoring Data summary 
with Variability Factors and Performance Stanaards 

Daily Measurements 
Subcategory 

Andrussow Process 
Plant #M 

================================================================= 
Historical Summary Variability Performance 

Parameter Statistics Factors Standards 
----------------------- -------------

(mg/1) No Min Avg Max cv· * p 

-----------------------------------------------------------------
Cyanide 534 .01 .202 3.27 1.58 7.26 1.46 
(Free) 

Cyanide 25 .039 .192 .460 .667 3.42 .65 
(Total) 

Ammonia 26 .193 3.63 10.2 .636 3.51 12.7 

COD 25 2.71 15.9 45.2 .552 2.90 46.1 

TOC 26 .783 8.30 25.6 .845 4.22 35.0 

ss 22 5 35 267 1.57 8.16 286 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

' ' 

,: 

., 
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Table A-13b (Deleted) 

Table A-13c 

Historical Effluent Monitoring Data Summary 
with variability Factors and Performance Standards 

30 Day Averages 
Subcategory Hydrogen Cyanide 

Andrussow Process 
Plant f.M 

================================================================= 

Parameter 

(mg/1) 

Cyanide 
(Free) 

Historical Summary 
Statistics 

No Min Avg Max CV 

19 .082 .202 .351 .~91 

Variability 
Factors 

* 

1.78 

Performance 
Standards 

p 

0.359 

------------------------------~----------------------------------

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 
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Table A-13e 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Hydrogen Cyanide Subcategory 

Andrussow Process 
Plant 4/M 

================================================================= 

Parameter 

(g/kkg) 

Cyanide 

Historical Summary 
Statistics 

No Min Avg Max CV 

19 .457 1.12 1.95 

Variability 
Factors 

* 

Performance 
Standards 

p 

1.99 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 
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Tables A-14a and A-14b 
(Deleted) 
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Table A-15a 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Nickel Sulfate 

Plant 4l0 

================================================================= 

Parameter 

(mg/1) 

Nickel 

Historical Summary 
Statistics 

No Min Avg Max CV 

88 .080 1.83 8.33 1.21 

Variability 
Factors 

* 

5.84 

Performance 
Standards 

p 

10.7 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

Table A-15b 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Nickel Sulfate 

Plant #0 

================================================================= 

Parameter 

(kg/day) 

Nickel 

Historical Summary 
Statistics 

No Min Avg Max CV 

88 1.02 8.32 44.6 1.31 

Variability 
Factors 

* 

6.24 

Performance 
Standards 

p 

51.9 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 
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Table A-15c 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Nickel Sulfate 

Plant ¥,0 

================================================================= 

Parameter 

(mg/1) 

Nickel 

Historical Summary 
Statistics 

No Min Avg Max CV 

3 1.29 1.83 2.48 1.21 

Variability 
Factors 

* 

1.54 

Performance 
Standards 

p 

2.82 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 

Table A-lSd 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Nickel Sulfate 

Plant ~0 

=======~========================================================= 

Parameter 

(kg/day) 

Nickel 

Historical Summary 
Statistics 

No Min Avg Max CV 

3 5.04 8.32 11.1 .302 

Variability 
Factors 

* 

1.49 

Performance 
Standards 

p 

12.4 

* - 95% of the monthly averages are ~xpected to be within the 
performance standard, P. 
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Table A-15e 

Historical Efflu.ent Monitoring Data Summary 
with Variability Factors and Performance Standards 

Daily Measurements 
Subcategory Nickel Sulfate 

Plant #0 

j ================================================================= 

Parameter 

(g/kkg) 

Nickel 

Historical Summary 
Statistics 

No Min Avg Max CV 

88 112 912 4890 

Variability 
Factors 

* 

Performance 
Standards 

p 

5,691 

* - 99% of the daily maximum measurements expected to be less 
than the performance standard, P. 

Table A-15f 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Nickel Sulfate 

' Plant #0 

================================================================= 

Parameter 

(g/kkg) 

Nickel 

Historical Summary 
Statistics 

No Min Avg Max CV 

3 553 912 1217 

Variability 
Factors 

* 

Performance 
Standards 

p 

1,360 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 
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Table A-16a 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Sodium Hydrosulfite 

Plant #P 

================================================================= 

Parameter 
Historical Summary 

Statistics 
Variability 

Factors 
Performance 
Standards 

(kg/day) No Min Avg Max CV * p 

TSS 36 .91 3.78 41.1 1.69 3.77 14.2 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 

Table A-16e 

Historical Effluent Monitoring Data Summary 
with Variability Factors and Performance Standards 

30 Day Averages 
Subcategory Sodium Hydrosulfite 

Plant :f!P 

================================================================= 

Parameter 

(g/kkg) 

TSS 

Historical Summary 
Statistics 

No Min Avg Max CV 

36 16.3 67.5 734 

Variability 
Factors 

* 

Performance 
Standards 

p 

254 

* - 95% of the monthly averages are expected to be within the 
performance standard, P. 
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Table A-17a 
(Deleted) 
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SECTION 1.0 

CONCLUSIONS AND SUMMARY 

1.1 CONCLUSIONS 

There is a need to distinguish between real pH excursions, 
namely, those where the pH of the discharge is outside the range 
6 to 9, and spurious pH excursions where equipment malfunctions 
and other problems may record a pH outside the range 6 to 9, 
when, in fact, the waste water stream is in compliance. 
Colloquially in industry these two conditions have come to be 
called "actual" and "non-actual" excursions. 

The actual pH excursions observed varied from 0.004% to 
2.06% of the time for subcategories screened (a total of 8 
plants) in the Inorganic Chemicals Industry. The plant which has 
the highest actual excursion (2.06%) has a combined discharge, 
which includes the treated organic product waste water. The 
majority of the excursions for that plant resulted from the 
malfunction of the organic product waste water treatment system. 
Recently, the treatment system has been modified and the plant 
now has a good compliance record. If this plant is excluded, the 
actual excursions vary from 0.004 to 0.63%. 

T~e percent of total time in 
excurs1ons varied from 0.2 to 
visited in the Inorganic Chemicals 
to 12 months. 

both actual and non-actual 
2.06 percent for the 8 plants 
Industry for data periods of 6 

For all the plants screened, 45 percent of the average 
actual excursions fell within the 5-10 pH range. The average 
excursion for all the plants for different pH ranges is given 
below and also shown in Figure 1-1. 

pH Range 

9.1- 9.9 
5 - 5.9 
5 - 9.9 
5 -10.9 
5 -11.9 
4 -10.9 
4 -11.9 
3 -10.9 
3 -11.9 
3 -12.9 
2 -10.9 

l 

Average Percentage of Time 
{8 Plants) 

Actual Excursions 

15.35 
30.19 
45.54 
76.12 
76.12 
80.02 
80.02 
89.54 
89.54 
89.64 
92.47 
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Figure 1-1. Plot of Average Percent Actual Excursion Time for 
'Unit pH Ranges 
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2 -11.9 
2 -12.9 

92.47 
92.54 

The duration of average actual excursion for each plant 
varied from 7.5 minutes to 515 minutes. 

The rate of discharge was not found to be associated with 
the excursion time. The ability of a plant to interrupt flow or 
divert flow to a pond or back to the neutralizer unit when an 
excursion occurs is very effective in minimizing the duration of 
the excursion. Two plants which had such provisions had the best 
pH compliance records. 

The duration of pH excursions (based on total time period 
covered) resulting from different reasons showed the following 
ranges for the 8 plants studied: 

Reason 

Actual Excursions 
Treatment System 
Upset/Shutdown 
Process Upset 
Spills or Leaks 
Storm Water Runoff 
Emergency Operation 
Operator Error 
Other (Actual) 
Unknown 

Total Actual 

Non-Actual Excursions 
Instrument Error 
Instrument Calibration 
Diversion/Interruption 
Other (Non-Actual) 

Total Non-Actual 

Duration-
Percentage of Time 

0-0. 91 

0-0.91 
0-0.12 
0-0.22 
0-0.06 
0-0.14 
0-0. 01 
0-0.18 

0.004-2.06 

0.1-0.82 
0.007-0.97 
0. 70-1. 32 
0.001-0.52 

0.11-1.756 

Automatic control for neutralizing chemical addition showed 
better control of pH than manual addition. 

1. 2 SUMMARY 

Eight plants sere visited in 9 subcategories within the 
Inorganic Chemicals Industry for observ·ance of wasde water pH 
control system and review of the continuous pH monitoring data. 
The subcategories selected were those whose plant wastes were 
either acidic or alkaline or whose non-contact cooling water was 
susceptible to acid leakage. Control of waste water pH is of 
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gr~at importance in these subcategories. 

The continuous monitoring charts for the discharged effluent 
were examined for excursions outside the 6-9 pH range. Time of 
occurrence, duration of excunsion, maximum peak or minimum 
trough! and reason for excursion were collected for each 
excurs1on. The raw data was compiled in a computer and 
statistical analyses were performed to evaluate the pH compliance 
record in the Inorganic Chemicals Industry. The data base will 
assist in evaluating the pH control efficiencies in the 
subcategories in which control of waste water pH might pose a 
persistent problem. 

.,, 
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SECTION 2.0 

RECOMMENDATIONS 

Continuous and efficient monitoring of treated effluents 
helps in providing information which can lead to reducing 
pollutant discharge, decreasing material loss, and increasing the 
efficiency of the process/treatment system operation. 

Continuous pH monitoring of the effluent should give a good 
picture of pH compliance, whereas with a grab sample collection 
and analysis for pH, a small duration excursion can be missed. 
Moreover, the grab sample method gives no information on the 
length or duration of an excursion, if detected. 

If the plant effluent is highly acidic or alkaline, two or 
more stages of neutralization give better pH control than single 
stage neutralization. 

Excursions can be reduced if provision is made to block or 
divert the flow to a neutralization tank, holding tank, or a pond 
when the monitored pH is observed outside of the 6-9 range. If 
space requirements pose a problem for building a diversion pond, 
installing a holding tank with a retention capacity of one day's 
effluent flow will improve the compliance to standards. In 
addition, provision should be made in the design of the waste 
water equalization/neutralization system to handle the expected 
excursions in the raw waste flow rates from each process. 

It is difficult to neutralize or control the pH of a stream 
with large pH fluctuations. The problem can be reduced or 
eliminated by installing an equalizing basin preceeding the 
neutralization reactor. The basin will yield a homogeneous 
effluent with a narrow pH range. If land is available, the 
inclusion of ponds to provide sufficiently long residence times 
after neutralization in the waste water treatment system will aid 
in equalizing and stabilizing the final pH and increasing the 
compliance efficiency. The neutralization reactor and the ponds 
(if used) should be designed to handle storm-runoff from the 
plant area. 

Leaks into the cooling water should be controlled by the use 
of gooq equipment, by replacement as needed, and efficient 
operating practices. Spills can be reduced by instituting good 
maintenance procedures, especially in the inorganic 
acid-producing plants such as hydrochloric acid, sulfuric acid, 
and nitric acid. If non-contact cooling water is used on a 
once-through basis, it should be monitored continuously for pH at 
the equipment outlet points for leak detection by proper 
instrumentation. 
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Use of strong acids/bases for neutralization of strong 
acidic or alkaline waste \waters r:quires pJecise control and 
sophisticated automatic monitoring 1n the absence of dissolved 
substances which can act as buffers. On the other hand, 
neutralization of strong alkaline or acidic waste waters with a 
weak acid or base helps in creating a buffer which maintains the 

.reacted solution at neutrality even with slightly excessive or 
deficient addition of neutralizing agent. 

Use of circular charts for continuous pH recordings helps in 
observing the excursion even after it has elapsed, in case it is 
missed at the time of occurrence. If strip roll charts are used, 
they should be removed every day or every 5th ~ay. The 
possibility of missing and not observing the excurs1on later 
exists when the charts are taken out every 20 or 30 days. Plant 
personnel observing the charts should be asked to write the date 
and other pertinent data such as calibration, instrument repair, 
and error every day. On observance of an excursion, they should 
alert the supervisor to correct the problem and the possible 
reason for the excursion should be written down in a log book and 
on the chart. 

A defendable limit for an actual excursion will be in the 
0.1-0.6 percent of total time range for reasons such as process 
and treatment system upset/ malfunction, spills and leaks, 
rainfall runoff, etc. 

A defendable limit will be 0.2-1.0 percent of time for pH 
excursions based on the total time resulting from non-actual 
reasons such as instrument calibration, instrument error, and 
effecting from diversion of flow, etc. Grab sample pH data kept 
in a log book should indicate that the effluent discharge was in 
the compliance pH limit of 6-9 during that time. 
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SECTION 3.0 

INTRODUCTION 

3.1 GENERAL 

The pH of a solution is related to acidity or alkalinity and 
is a measure of the hydrogen ion concentration. The effluent 
limitation guidelines for pH for the Inorganic Chemicals Industry 
(with other industries) has been set between 6.0 and 9.0 to be 
achieved by Best Practicable Control Technology Currently 
Available. Water discharged between pH limits of 6-9 is harmless 
to aquatic or other life. Waste water that is acidic or alkaline 
in nature can cause harm to aquatic life and human welfare, and 
if discharged to city or county operated sewage treatment plants, 
can cause metal corrosion or damage to construction materials, 
and can kill the microbiological organisms used in the treatment 
system. 

3.2 PURPOSE 

The objectives of the following study were to review pH 
treatment systems and their effectiveness in the Inorganic 
Chemicals Industry, establish a data base on pH compliance time 
within the present 6-9 limits, and perform analyses on that data 
base in such a manner as to present a relevant picture of pH 
control in the Inorganic Chemicals Industry. 

To achieve these objectives, nine subcategories were 
initially chosen on the assumption that these subcategories would 
be most likely to present pH control problems due to the nature 
of the raw wastes from the processes involved in production. It 
should be noted, however, that not all potential subcategories 
were chosen due to various other factors that were taken into 
consideration. 

During the course of the study, one subcategory, Sodium 
Dichromate, was dropped while another, Chlor-Alkali, was added. 
The final list of subcategories studied is as follows: 

Aluminum Fluoride* 
Chlor-Alkali 
Hydrochloric Acid 
Hydrofluoric Acid 
Hydrogen Cyanide 
Sodium Bisulfite 
Sodium Silicate 
Sulfuric Acid 
Titanium Dioxide (Chloride Process) 

* The plant studied produces both HF and A1F3. 
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One plant in each subcategory was chosen with the exceptions 
of the Hydrofluoric, Hydrochloric, and Sulfuric Acid 
subcategories. In the cases of Hydrofluoric and Sulfuric Acids, 
one plant in each subcategory was visited, with the HF plant 
being a combined HF-AlF3 waste water flow; an additional plant 
provided records on a combined HF-H2S04 waste water flow. In the 
Hydrochloric Acid subcategory, two plants were visited. In the 
first case, the HCl subcategory waste water was mixed with a 
greater percent of the chlor-alkali subcategory waste water; 
thus, data on HCl for this plant was included in the larger 
Chlor-Alkali group, instead of being analyzed separately. In the 
second case, the plant did not have a treatment system and review 
of the charts showed numerous short duration excursions. The 
excursion reasons were not noted at the time of occurrence and, 
therefore, were not available at the time of the plant visit. 
The data of this plant has not been included due to its 
incomplete nature. 

Plant visits were arranged on the basis of the following 
criteria: 

1. Plant possession of automatic recorder ( s) that 
continuously monitor ( s) final effluent stream ( s) at the point ( s) 
of discharge. 

2. Availability of at least six months, but preferably one 
year, of pH recordings for discharged effluent(s). 

3. Plant possession of reasonably accurate records on 
recorded excursions. (Recorded excursions refer to those times 
where 6-9 limits were exceeded on charts and do not necessarily 
indicate actual discharge of waste water outside these limits.) 

4. In some subcategories, the type of process used in 
production was also a factor in selection. 

Due to process requirements, and to various state or local 
regulations, the number of plants in any given subcategory 
meeting the preceeding requirements was often limited, and in the 
case of Sodium Dichromate, no plant at all could be found that 
met established criteria. 

After preliminary phone contact, plant selections were made, 
visits scheduled, and the process of data collection was begun. 

3.3 METHODOLOGY 

Three objectives were set for each of the plant visits. The 
first and primary objective was to tabulate excursion data 
including explanations. The second was to review the waste water 
treatment systems and the raw waste characteristics in relation 
to pH in an attempt to correlate data with the actual systems 
involved. The final · objective, secondary in nature, was to 
obtain various other information on factors which have a bearing 
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on pH control such as the pH and volume of other process wastes 
being treated, type of pH equipment used, and costs involved. 

Collection of excursion data was basically patterned after a 
previous pH study (1) which covered a number of other 
subcategories. The data, as in the previous study, was recorded, 
as shown in Figure 3-lA, in tab~lar form to include date, time, 
peak pH value, reason (in the form of a code) and remarks for 
each pH excursion. This d~~a was, for each plant, later revised 
as necessary and analyzed with respect to the various types {or 
classifications) of excursions. 

3.3.1 Peak and Duration 

The pertinent values for these excursions, the peak value of 
the pH and the duration, were extracted in such a manner as to 
maximize the effect of the excursion. For each excursion, the 
maximum (minimum) pH was taken as the pH for the entire duration 
regardless of multiple peaks as long as the pH recording line 
never reentered the 6-9 tolerance bounds. The duration was 
measured from point of leaving the control range to point of 
reentering the control range as shown in Figure 3-lA. The 
exception to this would be with excursions resulting from 
instrument calibration/maintenance and instrument error, as was 
many times the case, if the recording chart swung both above and 
below the bounds in a short period of time. In this case, time 
above pH 9 and below pH 6 would be divided as best as possible 
into two excursions and the maximum and minimum peaks would be 
chosen as the pH for these total excursions, as shown in the 
example of Figure 3-lB. 

3.3.2 Reason Codes 

In order to assist in the analyses of data, likely causes 
for excursions were listed and numbered as follows: 

lD Process upset 
2D Treatment system malfunction/shutdown 
3D Instrument error 
4D Instrument calibration/maintenance 
5. Operator error 
6D Diversion in operation but pH monitor still 

recording. (Flow stopped or diverted, but 
the position of the pH probe resulted in 
recording pH of water that was not being 
discharged). 

7. Other (apparent only) 
8. Unknown 
9. Emergency operation 
10. Spills or leaks 
11. Rainwater overflow 
12. Other (actual) 

Both reasons 11 and 12 were added during the course of 
the study to-assist in analyses. Any previous excursions 
fitting these codes were subsequently revised. 
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A. Typical Excursion Peak 

--~------------~~_.__ pH 6 

12:00 12:15 

Time 

12:30 Date 1-1-79 

The exanple excursion above would have been recorded as: 

Month - January 1979 
DATE TIME PEAK DURATION (min) REASON 

1-1 12:00 11.0 30 4 

B. Non-Steady Excursion 

_.__ 

J .I\ 
I 

\ _...._ 
., 

~ 

r... .. , 
12 Minutes 

pH 9 

pH 6 

pH 5 

A high "total" excursion of six minutes duration with a peak pH of 
10 along with a low "total" excursion of six minutes with peak pH 
of 5 would have been recorded. ·· 

Figure 3-1. Illustration of Typical Excursions am 
Data Extraction Methodology. 
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These codes were used to define various situations and are 
described as follows: 

1. Process upset - was used 
production problems or unexpected. 
resulted in a pH excursion. 

to indicate those 
interruptions in 

times when 
production 

2. Treatment system malfunction/shutdown - was used to 
represent those times when failure of the treatment system itself 
to handle wastes properly, or shutdown of that system, led to pH 
excursions. 

3. Instrument error - those times when the recorder showed 
an excursion when in fact there was none, because the instrument 
malfunctioned or was out of calibration. 

when 
~e 
fact 

4. Instrument calibration - used to represent those times 
regular maintenance (i.e., cleaning tne probe or calibrating 
recorder) resulted in a recording outside limits, when in 
there was no excursion. 

-5. Operator error - this includes those times when the 
treatment system failed due to human error. This does not 
include overcorrection when waste water was treated manually (see 
reason 2). 

6. Diversion in operation - was used to represent those 
times when discharge was either merely blocked or sent to a 
diversion pond or tank as a result of being out of specification 
for treated effluents, but pH monitor, due to its placement, 
continued to record a pH outside limits during the diversion 
period. 

7. Other - any non-actual excursion that could be explained 
by a reason other than those listed in existing codes.· 
Originally, this reason code included those excursions coded as 
reason 12, and referred to both actual and non-actual~ however, 
these were later felt to be better separated for statistical 
reasons. 

8. Unknown - included any recorded excursion for which no 
reason could be attributed. 

9. Emergency operations included any excursion that was 
uncontrollable due to such things as plant shutdown or power 
failure. 

10. Spills or leaks - was used to represent those times 
where any spill or leak in any area of the plant, treatment, 
process or general working area, created. a pH problem that the 
treatment system was not designed to handle. (Note: should the 
system be designed to handle the spill or leak and failed, both 
reasons would be included to give a better trace of the problem.) 

11. Rainwater overflow because of the fairly frequent 
occurrence of this problem, this reason was added to account for 
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those times when excursions resulted from treatment system 
overload due to heavy rainfall • 

. 
12. Other - any actual excursion that could be explained by 

a reason other than those listed in existing codes. 

3. 3. 3 Treatmen't System Reviews 

All of the available information on plant treatment systems 
pertinent to the subcategories o_f interest were reviewed and 
several plants toured, giving attention to those parts concerning 
or affecting pH control. These systems are described and their 
block diagrams included in the individual plant reports found in 
the Appendix. 

3.3.4 General Data 

The third objective of this study was to obtain information 
that could be related to the pH control and, conceivably, give 
some additional meaning to the data base compiled. This was 
achieved via a general questionnaire that included questions on 
flows, costs, type of control and equipment used, and specific 
areas of the treatment system having major effects on pH control 
such as chemicals used, etc. 

In short, the three objectives of: 1) establishing a data 
base, 2} reviewing the treatment systems, and 3) providing 
related information were met fairly well and provided a good 
foundation from which to begin analyses and draw conclusions. 
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SECTION 4.0 

pH CONTROL OF INDUSTRIAL WASTE WATER 

4.1 BACKGROUND INFORMATION 

4.1.1 pH 

pH is a measure of 
solution and its value 
alkalinity. pH is defined 

the hydrogen-ion concentration of a 
gives an indication of acidity or 
as: 

pH = log 1 
hydrogen-ion concentration, moles/liter 

Conventional pH measuring instruments and meters cover a 
range of 0-14 pH. Solutions with a pH value of 7 are neutral, 
solutions with a pH greater than 7 are basic, and solutions with 
pH values less than 7 are acidic (5). 

Neutralization is the process of reacting an acid or a base 
to bring the pH of the solution to a neutral or near neutral 
condition. It is a common waste water treatment method, used to 
bring and control the pH of an effluent to the pH range of 6-9. 

4.1.2 Chemicals 

The common acids and alkaline reagents used for 
neutralizatjon of waste water include the following: 

The selection 
factors as price, 

Acid Reagents 

1) Sul£uric acid 
2) Hydrochloric acid 
3) Carbon dioxide 

Alkaline Reagents 

1) Lime 
2) Caustic soda 
3) Soda ash 
4) Limestone 
5) Bicarbonates 
6) Shells (oysters, etc.) 
7) Ammonia 

of a neutralization chemical depends on such 
availability, process compatibility, etc. 
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Sulfuric acid is the common acid used for the neutralization of 
alkaline waste. It is less costly than hydrochloric acid, but 
tends to form precipitates with calcium containing alkaline waste 
water. When hydrochloric acid is used for neutralization, the 
compound formed is soluble. Both sulfuric and hydrochloric acids 
are strong acids. Carbon dioxide is also used for 
neutralization. 

An important consideration in the use of alkaline reagents 
for neutralization of acidic waste water is the "basicity 
factor", which is the number of grams of calcium oxide equivalent 
in neutralizing capacity of a particular alkali (2). The basicity 
factors and the costs of some of the alkaline reagents are given 
in Table 4-1. Caustic soda has a high basicity factor and high 
solubility, but is expensive. Lime is less costly, but has two 
disadvantages; it has low to moderate solubility,(generally fed 
as 15% slurry) and forms precipitates with acidic waste waters 
containing sulfuric acid, causing disposal and scaling problems. 

Limestone (calcium carbonate) and soda ash (sodium 
carbonate) have low to moderate basicity and higher solubility 
than lime, and, in the case of soda ash, the products of reaction 
are soluble. Sodium bicarbonate is a good alkaline agent for 
neutralization, but is expensive. 

The rate of reaction between a strong acid and a strong base 
is fast and precise control is required to keep the pH of the 
neutralized solution between the 6-9 pH range. A slight excess 
or deficient quantity of neutralizing agent will result in 
several pH unit changes. On the other hand, when a strong acid 
(or base) is neutralized with a weak base (or acid), the rate of 
pH change is controlled by the ionization of an incompletely 
dissociated species which decreases the degree of pH response 
when a given amount of neutralizing agent is added. 

Figure 4-1 shows the curves of a strong acid (O.lN HCl) 
titrated with a strong base (O.lN NaOH) and weak base (O.lN 
aqueous NH3). The curves have been superimposed to show the 
effect of pH changes with the addition of base. The point of 
greatest change is known as equivalence or inflection point where 
the pH changes most rapidly per unit of reagent (base) added. 
This occurs at the neutralization point. An excess of 10 ml of 
0.1 NaOH added to the neutralized solution at the inflection 
point, in Figure 4-1, results in a change from a pH of 7 ~o 11.6 
while a 10 ml excess of aqueous ammonia solution results in a 
change from a pH of 7 to 8.3. A 50 ml excess of aqueous ammonia 
solution at the inflection point results in a pH change from pH 7 
to 9 only. Thus, the pH changes per unit of base in the case of 
strong acid titrated with a weak base is not as pronounced as in 
the strong acid, strong base titration. This is because salts. of 
strong acid and weak bases or salts of weak acid and strong bases 
have a buffering capacity that will resist pH change, thereby 
making control easier to maintain. 

4.1.3 Control System 
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TABlE 4-1. COST OF ALKALINE REAGENTS 

Alkaline Cost, Basicity $/Ton of 
Reagent $/Ton Factor* Basicity 

(Ref. ) (Ref. ) 

Lilnestone 20.00 0.489 40.90 
(CaC03) 

Quicklime 32.50 0.941 34.54 
(CaO) 

Calcium Hydrate 34.50 o. 710 48.59 
(Ca(OH) 

2
) 

Soda .Ash 62.00 0.507 122.29 
'(Na2003) 

Sodium Bicarbonate 224.00 0.325 689.23 
(NaHC03) 

Caustic Soda-Solid 350.00 0.687 509.46 
(NaOHl 

* "Basicity Factor" is the nurrber of grams of calcium oxide equivalent in 
neutralization capacity of a particular alkali. 
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/ 
....---- -· ,.. 

LEGEND 

0.1 N, 100 ml HCl (Strong Acid) 

---Titrated with 0.1 N Na.OH (Strong Base) 

- Titrated with 0.1 N F.queous NH3 Solution 
(Weak Base) 

200 

Base .Added, ml 

300' 

Figure 4-1. Neutralization CUrves of 100 ml of HCl (Strong Acid) with 
NaOH (Strong Base) and F.queous Arrm:mia Solution (Weak Base) 
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An automatic control system reduces excursions and increases 
reaction effectiveness. A control system measures the pH of the 
solution and controls the addition of a neutralizing agent to 
maintain the effluent within the acceptable pH limits of 6-9 or 
at neutrality; its operation is based on such factors as flow, 
acid or base strength and method of adding the neutralizing agent 
( 3) • 

There are two common modes of control--feed forward and feed 
back. Feed forward control is more useful in the control of pH 
in waste waters. In this system, a measurement is made of the 
raw waste and then a computation is made as to the amount of 
neutralizing agent necessary to produce the desired effect. In 
the feed back control system, a measurement is made of the 
effluent pH which is then compared with a reference point. If a 
difference exists between the actual and the set point, the 
automatic controller takes corrective action; but, of course, a 
short period has elapsed with the effluent out of compliance. 
The following are the modes of control used with the process loop 
{feed forward or feed back): 

1) On-off control 
2} Throttling control 
3} Proportional control 
4} Derivative control 
5} Integral control 
6} Proportional plus integral control 
7} Proportional plus integral plus derivative 

control action 

On-off control systems are generally limited to continuous 
processes where the waste water flow is relatively small and 
residence time in the reactor is relatively long (reaction of 
strong acid or base with weak acid or base}. With relatively 
large flows and short residence times (1/2-3 minutes) , other or 
multimode controls are used (3,4}. 

4.1.4 Other Factors of Neutralization 

Storage and Transfer of Neutralizing Agent - the type of 
neutral1z1ng agent used d1ctates the storage and transportation 
£acilities required. Caustic soda can be stored in the open, but 
quicklime requires closed, waterproof containers. In handling 
acids or alkalies, appropriate corrosion-proof materials must be 
used for transportation. Solutions can be delivered with pumps 
\o~hile slurries are transferred using piping, pumps, or open 
flumes ( 3). 

Required Number of Stages - depends on the pH of the waste 
water. As a general rule, one stage can be used if the pH of the 
raw waste water is between 4 and 10. Two stages are often 
required if the pH is as low as 2 or as high as 10. More than 2 
stages are generally required if the pH is less than 2 or greater 
than 2. In almost all neutralizing reactors, at least one 
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stirred tank is required and a propeller or axial flow impeller 
is used for stirring (6). 

Size of Neutralizing Vessels - depends on the waste water 
flow,--reaccion t1me, solub1l1ty of the reagent, and insoluble 
precipitates formed from the reaction. The inlet and outlet of 
the neutralizing vessel should be located on opposite sides, the 
influent located near the top, and the effluent located near the 
bottom to reduce dead time (6). 

4.2 PLANT pH CONTROL INFORMATION 

4.2.1 General 

Table 4-2 presents a summary of waste water flow, chemicals 
used, and pH control system information for all plants visited 
for pH Assessment in the Inorganic Chemicals Industry. 

Flow - The discharged effluent varied from 128 m3/day to 
35,73~3/day. Barometric condenser water used in caustic 
evaporators in the Chlorine-Caustic Subcategory accounted for the 
majority of the flow for Plant ilSO, which had the highest 
discharged flow. Non-contact cooling water from the acid plants 
also had higher effluent discharge. At some plants, the 
inorganic product waste water was combined with other product 
waste water and was discharged through a single outfall. Flow 
did not appear to be a factor in the pH control and treatment 
performance efficiency of the discharged effluent. 

Chemicals- Lime was the predominant chemical used, followed 
by soda ash and sodium bicarbonate for neutralization of acidic 
waste water. Plant i928 which used lime for neutralization of 
waste water containing hydrofluoric acid and sulfuric acid had 
the least excursion duration of all the plants studied for pH 
assessment. The scaling problem at this plant was solved by 
using two separate pipelines for discharge. One line was flushed 
with water while the other one was in operation, and vice versa. 
Sodium bicarbonate was used by one of the plants for 
neutralization of acidic waste water. It is expensive, but has 
good buffering capacity, and the plant using it had reduced the 
excursion time considerably by its usage. Sulfuric acid and 
hydrochloric acid were the only chemicals used for neutralization 
of alkaline waste water. 

Treatment System Only one plant was using biological 
treatment. Two other plants had the biologically treated organic 
product waste water combined with the neutralized inorganic 
product waste water which was discharged through a common 
outfall. Inclusion of settling ponds after neutralization for 
some of the plants aided in smoothing out the pH excursions. The 
presence of a diversion facility at Plant i928 was one of the 
reasons for its having the best pH compliance record. Plant i786 
which interrupted the discharge flow from the pond on observance 
of an excursion had the second best pH compliance data. 
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1-' 
1.0 

Waste 
water 

Plant Flow, Chemical • m3/day Used 

102 4,201 Linesluny 
(as 10\ 
solution) 

150 35,734 0:::1 

491 16,667 Soda ash 
and Caustic 

586 4,080 Lime 

664 25,075* Sodium Bi-
carlx:>nate 

782 7,522** n2so~/ 
caus c soda 

786 128 8250~93.2% 
solu n) 

92.8 600 Line sluny 
(10\ solution) 

'lWIE 4-2, FU:W Mil pH CXltli'OOL SYS'l'I:M SUN-!ARY OF PLI\Nl'S RINIEHID fOR 
pH A'lSESSMENr IN 'lliE OOOOANIC CHEMICAlS llUlSTRY 

llnDunt 'l'reaboont Control Other 
Used System 

23 Tons/day Neutralizat:J.On am Feed fm:ward in 1st Residence time of waste water 
Settling stage and feed back in poo::1s is 30 days 

in 2Ii! stage 

10,000 100/ Neutralization Feed foiWard 1-3 stages of neutrahzation. 
day Feed back Provision for diversion of 

fl.cM to a tank. 

1000 gal/day Neutralization Manual addition Proces~ waste water flow is 
(50% cone.) 11.4 m '/day and 1S neutra-

lized in 2 stages. 'l1le rest 
of the flow oons1sts of non-
contact cooling water. 

8900 lbs/ Neutralization, Feed back 3 poo::1s are used for settling 
day Aeration and and the residence ture of 

Setthng water in each pond is 1 1/2 
days. 

140 Tons/yr Neutralization N/A 'ltle process waste water (327 
m3/day) fran Hydrofluoric 
slilcategocy is neutrahzed with 
soda ash and discharged throtgh 
a separate outfall. 

N/A Biological treat- N/A Multiple products are made at 
ment (includes pH th1S plant. 'l1le al.kahne and 
adjusbrent) acidic waste water fran d1f-

ferent manufactur1ng facilities 
are OOI!bined for neutralization. 

60 100/day Neutralization and Feed back, on-off Residence time is 4-5 days in 
Settling ron troller the settling pond. Effluent 

discharge is blocked from sett-
ling pond on cbservanoe of an 
excursion. 

10,000 100/ Neutralization + Feed forward Provision exists for automatic 
day polyrrer addition+ divers1on of discharge flw to 

settling in a treabrent system outside the 
clarifier 6-9 pH range, 

- ---- -------------------

* Non-oontact cooling water fran eydrofluonc acid and sulfuric acid nanufacturing facilities. 
** OJnprised of waste water frcm hydrogen cyanide and four other organic products. 

Sul:x:ategoJ:y 

Titanium Dioxide 
(Ollon.de Process) 

Hydrochloric and 
Ollonne-Caust:J.c 

SUlfunc l\c~d 

Sodlum Metab1sulf1te 
and Sulfur D1oxide 

Hydrofluorw and 
sulfuric hl1d 

Hydrogen Cyamde 

Sodium S11icate 

Hydrofluoric l\c1d and 
All1llinml Fluoride 
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Control System - One plant was practicing manual addition of 
neutral1z1ng agent. The waste flow going to the treatment 
facility was small at the plant; also the neutralization was 
conducted on a batch mode. All the plants had mixing devices in 
the reaction tanks. Three plants had the more sophisticated feed 
forward control for addition of neutralization agent and control 
of pH in the effluent. 

4.2.2 Plant System Review 

Plant il02 uses Ilmenite ore or titania slag for preparation 
of titanium dioxide employing the chloride process. The-process 
waste water from the titanium plant is neutralized with lime in 
two stages. In the first reactor, the pH is raised to 4.8-5.2. 
The pH is then raised to 8 in the second reactor. Feedback 
control is used for lime addition in both the reactors. The 
effluent from the second reactor is sent to a tailings pond, 
where it is mixed with other inorganic-product waste water and 
also with treated organic product waste water. The overflow from 
the tailings pond is discharged to a creek. Prior to discharge, 
the outfall is monitored continuously for pH and flow. There is 
a provision to adjust the pH manually before discharge using 
caustic soda if the pH of the tailings pond effluent goes outside 
the 6-9 range. The non-contact cooling water from the Ti02, 
inorganic, and the organic product plant is combined and 
discharged through another, separate outfall. The pH and flow is 
also monitored for the second outfall before discharge. 

Plant ilSO makes chlorine and hydrochloric acid. The only 
wastes that are discharged from the chlorine/caustic facility are 
non-contact cooling water and barometric condenser water. The 
other wastes are contained in a pond and evaporated. The only 
waste water discharged from the HCl plant is non-contact cooling 
water. In the treatment system, the non-contact cooling waters 
from HCl and chlorine-caustic are combined and sent to a mixing 
box. The barometric condenser waters from the 
caustic-evaporators are neutralized with HCl; during periods 
when complete neutralization does not occur, waters are diverted 
to a retention pond and neutralized a~ain. The effluent from the 
neutralization tank is sent to the mixing box where it mixes with 
the non-contact cooling waters. In the mixing box, the combined 
water is neutralized with either HCl or caustic depending on the 
pH. Chemical addition to the mixing box is operated via a 
linear-analog controller using feedback control. The effluent 
from the mixing box is monitored continuously for pH before 
discharge. 

Plant i491 makes sulfuric acid using two sources of raw 
material. In the first case, sulfur and oxygen are used and the 
second route consists of recovering acid from the refinery 
sludge. The plant has a treatment system consisting of a 
reaction tank and a settling tank. Leaks and spills and the 
purge acid resulting from the purification of sulfuric acid is 
sent to the reaction tank where neutralization with caustic takes 
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place on a batch mode. The reacted effluent goes to a settling 
tank and then mixes with the non-contact cooling waters before 
discharge. For non-contact cooling, two types of heat exchangers 
are used--cascade and shell and tube. In the case of the cascade 
coolers, the once-through water is collected in a trough that is 
located at the bottom. A pH monitor placed in the trough 
monitors the quality of the water, and when the pH goes down, the 
water in the trough is neutralized manually with soda ash. The 
non-contact cooling waters are intermixed with the treated waste 
water and is monitored for pH and flow prior to discharge to the 
river. 

Plant *586 was visited for collection of pH excursion data 
for the sodium bisulfite subcategory. Plant #586 produces sodium 
metabisulfite which is a closely related product of sodium 
bisulfite. The plant also makes an organic product and two other 
inorganic products. The waste water from the sodium 
metabisulfite facility is neutralized with lime in a sump and 
then sent to an aeration tank where it mixes with the 
biologically treated organic waste water and also the treated 
(physical-chemical treatment) waste water of the inorganic 
product. Lime is added in the sump using an automatic feedback 
system that utilizes an on-off mode of control. In the aeration 
tank, the sulfites are converted to sulfate. The effluent from 
the aeration tank travels through two settling ponds and then 
through a polishing pond before discharge. The continuous pH 
monitor is located at the discharge point of the polishing pond. 

Plant i664 makes hydrofluoric acid and sulfuric acid. The 
process waste waters from hydrofluoric acid are neutralized with 
soda ash and sent to the settling pond. A major portion of the 
effluent is recycled to the process and a small portion is 
discharged as a purge. The discharged purge is not monitored 
continuously for pH, but records are kept of the pH from grab 
samples. According to the plant personnel, the pH never has 
exceeded the compliance limits. 

The non-contact cooling waters from the hydrofluoric acid 
and sulfuric acid facilities are combined and dicharged through a 
separate outfall, and the pH is monitored continuously for this 
outfall. The excursion data was collected for this outfall. 
When a leak occurs in the coolers and the pH of the non-contact 
cooling water goes down, a standby automatic sodium bicarbonate 
system is activated. When the pH goes down, the discharge is 
routed through the neutralization tank where bicarbonate is 
added. The bicarbonate acts as a good buffering agent and 
maintains the pH in the 6-9 limits even when an excess is used. 
The collected pH excursion data is more representative of 
sulfuric acid than hydrofluoric acid subcategory. 

Plant i782 makes hydrogen cyanide using the Andrussow 
Process. The waste water from the hydrogen cyanide facility is 
combined with other organic product waste water and treated in a 
biological treatment system before discharge, including the 
runoff and washdown from the manufacturing facilities. The 
final, treated effluent is monitored continuously for pH before 
discharge. 21 



Plant i786 makes sodium silicate. The waste water 
consisting of contact cooling water, non-contact cooling water, 
boiler blowdown, tank-car washings and rainfall runoff is reacted 
with sulfuric acid in a sump equipped with a mixer and sent to a 
settling pond. The effluent from the pond is discharged through 
a gate. The effluent discharge is monitored for pH and flow. 
The gate is closed 'when a pH excursion is observed, blocking the 
discharge, and is opened when the water returns to the 6-9 pH 
range. 

Plant i928 makes hydrofluoric acid and aluminum fluoride. 
The waste water from the two facilities are combined and sent to 
a settling pond, where gypsum and suspended solids are allowed to 
settle. The overflow goes to another retention pond. The 
effluent from the retention pond is divided into two portions. 
The major portion comprising 90-95 percent of the total effluent 
is routed to the HF and AlF3 plants for reuse. The minor 
portion is sent to the treatment system. In the treatment 
system, it is first neutralized with lime and then sent to a 
clarifier. The overflow from the clarifier is sent to a holding 
tank. The tank effluent is discharged to the river through two 
alternate pipes. One pipeline is used for effluent discharge, 
while the other one is being cleaned by flushing with river water 
for scale removal. At the discharge point, the effluent is 
monitored for flow and pH. There is a provision at the holding 
tank to divert the flow to the settling pond when the pH of the 
effluent falls outside the 6-9 pH range. 
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SECTION 5.0 

EXCURSION DATA 

5.1 EXCURSION DATA ANALYSIS 

The collected data on the duration of pH excursions were 
divided into two groups based on "actual" and "non-actual" 
reasons. The non-actual excursions resulted from instrument 
calibration, instrument and diversion operations. In the case of 
excursions resulting from diversion operations, the instrument 
gave pH readings even when the flow was blocked or diverted to a 
pond/ treatment system because of the location of the pH probe. 
During the _time the pH recording instrument was displaying this 
non-actual excursion, the effluent was within the pH compliance 
limit or was not discharged. The actual excursions were caused 
by either process upset, treatment system malfunction, operator 
error, storm water runoff, and spills and leaks. All the 
excursion reasons have been explained earlier in Section 3.3. 
Eight plants were visited for collection of pH excursion data in 
the inorganic chemicals industry and the raw data is given in the 
Appendix. 

Table 5-l is a summary of the duration of excursions of 
actual excursions of the 8 plants reviewed for pH compliance. 
Similar values for all excursions (real plus non-actual) are 
given in Table 5-2. The blank or empty spaces in the tables 
indicate that no excursion was observed for a certain plant for 
the corresponding row--reason. The range of total actual 
excursions varied from 0.004 to 2.04 percent (of total time). 
The treatment system of Plant #102 which discloses the highest 
excursion duration (2.06%) has recently been modified. The 
majority of the excursions resulted from the treated organic 
product waste water, which is intermixed with the inorganic 
subcategory waste water before discharge. The pH monitor is 
installed at the discharge point. The total excursion duration 
value shown for Plant #102, therefore, is not a true 
representative value for that subcategory. If Plant #102 data is 
excluded, then the total actual excursion duration varies from 
0.004% to 0.63% with an average value of 0.255 percent. 

Table 5-3 and Table 5-4 present a breakdown of actual and 
total excursions by pH range. The instrument showed extreme pH 
values for some non-actual excursions resulting from poor 
instrument calibration or breakdown. The majority of the actual 
excursions fell into the 5-6 pH range, and one plant (#586) had 
all of its actual excursions in that range. About 80 percent of 
the actual excursions fell into the pH 3-11 range. 
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Tables 5-5 and 5-6 give a summary of the average time 
duration of actual unit pH excursion and percentage distribution 
of number of actual pH excursions by plant and by excursion 
reasons. The total average duration of actual excursions varied 
from 7.5 minutes to 515 minutes, and treatment system malfunction 
accounted for the majority of actual resulting excursions. Table 
5-7 is a summary.of the total time and total number of actual 
excursions for different duration periods for the 8 plants. Of 
all the duration periods, the first duration period (0-15 
minutes) had the highest number of excursions. The long duration 
excursions can be reduced by diverting the effluent flow to 
either a pond, holding tank, or to the neutralization reactor. 
If the effluent is discharged from a settling pond, the flow can 
also be blocked until the pH in the pond returns to the normal 
discharge limits of 6-9. The average pH and standard deviation 
values of actual excursions for both alkaline pH excursions {pH 
greater than 9) and acidic pH excursions (pH less than 6) for the 
plants assessed for pH control are given in Table 5-8. 

5.2 PLANT COMPLIANCE OF pH 

The number of pH excursions by reason, by pH, by duration 
range, and by number are given in Tables 5-9 through 5-13 for 
Plant #102. The actual excursion duration {based on total time 
period) is high. The treated waste water is intermixed with the 
treated organic product waste in the pond before discharge. 
Increased biodegradation of organic product waste water in the 
past led to a lowering of the pH in the pond. The pond effluent, 
during that period, had to be manually adjusted for pH before 
discharge. Control of pH by manual addition of neutralizing 
agent is not always possible, and this led to some excursions. 
All the excursion values are in the 3-11 range as indicated in 
Table 5-10, and more than 80 percent of the excursions resulted 
from the treatment system malfunction as shown in Table 5-9. The 
treatment system has been modified recently. Since then, few 
excursions have resulted. Since the majority of excursions 
resulted from the low pH of organic product effluent, the percent 
excursion figure is not representative of the inorganic 
subcategory. 

Tables 5-14 through 5-18 give a summary of pH excursion 
breakdowns by reason, pH, etc., for Plant il50. This plant had 
the largest number of excursions, but the durations of these 
excursions were small. The average duration of actual unit 
excursion was 11.5 minutes, and the plant ranks better in the 
total percent excursion time. The majority of excursions 
resulted from process or treatment upsets in the chlor-alkali 
area of the plant. Major process relocations and additions are 
taking place at the plant and this accounted for part of the 
upsets resulting in excursions. All the excursions for this 
plant lie in the·2-11 pH range. 
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The excursion distribution arranged for Plant #491 are given 
in Tables 5-19 through 5-23. The plant has a good pH compliance 
record. Treatment system upset accounted for the major 
percentage of the excursions at this plant. When a leak is 
detected in the cascade coolers used in the manufacturing 
facility, the water is neutralized manually in the trough placed 
at the bottom of the cascade coolers. Complete neutralization at 
all times is not possible with manual addition of the alkali, and 
no mixing device exists that can enhance better reaction. The 
plant has plans to modify the treatment system to improve 
effluent pH compliance. 

The excursion values for Plant i664 are given in Tables 5-24 
through 5-28. The plant has a good complianc~record and has 
only 0.09 percent time actual excursions. The standby 
bicarbonate system for leaks and spills was installed in January, 
1979 and some of the excursions from leaks and spills occurred 
prior to the installation of the treatment system. The other 
actual excursions resulted from the bicarbonate holding tank 
being empty. If the above excursions are neglected, then the 
plant has a near-perfect pH compliance record. 

Tables 5-29 through 5-33 give excursion values for Plant 
i586. The plant has a good pH compliance record. It has only 2 
actual excursions resulting from unknown reasons. The continuous 
monitoring charts, when reviewed, showed these two excursions and 
since no explanation was given on the charts, they were assumed 
to be actual reasons. The plant also collects grab samples, 
analyzes for pH, and the data is kept in a log-book. No 
excursions were observed in the log-book at the time the two 
excursions were noticed in the continuous monitoring charts. The 
excursions might have resulted from a pH instrument giving wrong 
readings. If this is assumed to be the case, then the plant has 
100 percent time pH compliance, not counting the non-actual or 
apparent excursions. One of the reasons the plant has high or 
complete pH compliance in spite of intermixing with other product 
effluents is the inclusion of settling ponds in the treatment 
system. The ponds aid in smoothing out small excursions. 

The pH excursion analysis summary for Plant i782 is given in 
Tables 5-34 through 5-38. The actual excursions rank low to 
average except for the month of March, 1979 (see Table 5-36) 
during which heavy rainfall caused many problems. The plant is 
located in a region which has a high rate of precipitation and is 
occasionally susceptible to storms. Rain overflow is one of the 

/ frequent causes of pH excursions at this plant. In spite of a 
combined waste water treatment system, the plant has a fair pH 
compliance record for the effluent. The control of pH is vital 
to the treatment process to insure the life of the bacteria used. 

Very few plants use biological treatment for inorganic waste 
water and, hence, this plant is not typical of the inorganic 
industry. The plant was visited because it was the only plant in 
the HCN subcategory that had continuous pH monitoring charts 
available for review, and also, it was discharging to surface 
waters. The plant's data is more representative of the few 
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plants in the inorganic industry that use biological treatment of 
waste waters. 

The pH excursion breakdown by reason, by pH, and by number 
are given in Tables 5-39 through 5-43 for Plant i786. The plant 
has a good pH compliance performance history of the discharged 
effluent. The actual excursions comprise 0.09 percent of the 
total time. The good compliance standards are achieved by 
blocking off the pond discharge on observing an excursion. The 
waste water is held in the settling pond to smooth out the 
excursions, instead of being diverted. 

The excursion summary for Plant i928 is given in Tables 5-44 
through 5-48. Plant i928 has the best compliance data of all the 
plants visited, in spite of using lime for neutralization. The ) 
total time in actual excursions at this plant was only 0.04 
percent. The effluent waste water going to the neutralization 
tank has a pH of approximately 1.5 and is raised to 7.5-8.0 in 
the neutralization tank by having precise lime addition control 
facilities. The plant has a lot of apparent excursions because 
of the probe getting covered with calcium-sulfate precipitate. 
The pH probe is cleaned every other day and is replaced once 
every 2 months. The majority of non-actual excursions resulted 
from calibration and instrument errors. One of the reasons the 
plant has near-perfect compliance records is because of the 
presence of diversion facilities. 
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TABU: 5-l. Sl»lARY OF EXCURSION DURATION BREAKI:X:MN BY 
ACI'UAL EXCURSION REASONS 

Excursion Percent of Total Tine in Actual Excursion 
Heason Plant Plant Plant Plant Plant Plant 

i 102 jf 150 * 491 t 586 i 664 # 782 

Treatm:mt System 
Upset/ShutCJa..m .91 .14 .09 .01 .44 

Process Upset .99 .18 

Spills or Leaks .12 .06 .o8 .08 .1 

Storm Water 
Ruroff .04 .001 .22 

" ' 
Th"ergency .06 
~ation 

Operator .14 
Error 

Other (Actual) .009 .008 .01 

Unkn:>.m .13 .001 .18 .001 .007 

Total of All 2.06 .6 .18 .18 .09 .63 
Actual Excur-
sion Reasons 

Total Tilre in 14,427 1,558 1,032 900 266 3,389 
Excursions, 
Minutes 

Total Tine in 701,280 260,640 567,360 484,020 305,280 535,680 
M::mitoring, 
Minutes 
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Plant Plant 
# 786 # 928 

.07 .004 

.02 

.001 

.09 .004 

377 15 

437,760 337,560 



TABLE 5-2. PERCENl'AGE DISTRIBUTICN OF TOI'AI,o pH EXOJRSION 
TlME BY REASON liND PI.l\Nr 

EX:ursion Percent of Total Time in Excursion 
Reason Plant Plant Plant Plant Plant Plant 

il02 ilSO #491 i 586 ll 664 ~ 782 

A) N:m-Actual 

Instrunent .1 .12 .82 .1 .14 
Error 

Instrurrent .008 .02 .27 .01 .02 
Calibration 

Diversion/ 
Interruption 

other (non- .002 .45 .001 .52 
actual.) 

B) Actual 

T.reatnent Sys- .91 .14 .09 .01 44 
tem Upset/ 
Shutdown 

Process Upset .99 .18 

Spills or I.eaks .12 .06 .08 .08 .1 

Stollll Water .04 .001 .22 
Runoff 

Elrergency .06 
Operation 

Operator Error .14 

Other (Actual.) .009 .008 .01 

t1nknc1.m - .13 .001 .18 .001 .007 

Total of All 2.06 .71 .77 1.27 .2 1.32 
E>a::ursion 
Reasons (A+B) 

'Ibtal Time in 14,427 1,844 4,365 6,209 601 7,068 
EX:ursion, 
Minutes 

'Ibtal Titre in 701,280 260,640 567,360 484,020 305,280 535,680 
1-'.onitoring t 
Minutes 
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Plant Plant 
# 786 i 928 

.12 .36 

.007 .97 

1.32 .70 

.001 

.07 .004 

.02 

.001 

- -
1.54 1.76 

6, 721 5,948 

437,760 337,560 



pH 
Excursion 

Range 

0-0.9 

1-1.9 

2-2.9 

3-3.9 

4-4.9 

5-5.9 

9-9.9 

10-10.9 

11-11.9 

12-12.9 

13-14 

'lbtal 
Actual 
Excur-
sion 
of all 
pH 
ranges 

Total Time 
in Excur-
sion, 
Minutes 

'lbtal Time 
in 
funi toring, 
Minutes 

~ 

TABLE 5-3. PERCENTAGE DISTRIBUTivN OF ACTUAL pH EXCBRSIONS 
BY pH RANGE AND PLANTS 

Percent of Total Time in Actual Excursion 

Plant Plant Plant Plant Plant Plant Plant 
# 102 # 150 # 491 # 586 # 664 # 782 # 786 

.008 .05 .18 

.01 .03 

.04 .01 • 07 

.12 .18 .04 ,05 

.07 .06 .006 .001 .03 

.51 .03 .05 .18 .004 .12 .08 

.28 .24 .01 .004 .09 .005 

1.07 • 05 .06 .003 .07 

.003 

.02 

2.06 .6 .19 .18 .09 .63 .09 

' 

14,427 1,558 1,032 900 266 3,389 377 

701,280 260,640 567,360 484,020 305,280 535,680 437,760 
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Plant 
# 928 

.001 

.003 

.004 

15 

337,56 0 



pH 
Excursion 

Range 

. 
Q-0.9 

1-1.9 

2-2.9 

3-3.9 

4-4.9 

5-5.9 

9-9.9 

1Q-10.9 

ll-ll.9 

12-12.9 

13-14 

'lbtal 
Excursion 
of all pH 
ranges 

'lbtal Tirce 
in 
Excursions 
Minutes 

'lbtal Tin'e 
in Moni-
toring, 
Minutes 

TABIE 5-4. PERCENTAGE DISTRIBUTION OF pH EXCORSIONS BY 
pH· RANGE AND PLAN!'S 

Percent of Total Time in Excursion 

Plant Plant Plant Plant Plant Plant Plant * 102 # 150 # 491 # 586 # 664 # 782 # 786 

.02 .001 .14 .54 

.4 .003 .03 

.04 .02 .003 .07 

.12 .25 .06 .004 .0003 .05 .001 

.07 .06 .04 .002 .006 .05 .11 

.51 .03 .11 1.26 .005 .13 .97 
' 

.28 .26 .03 .02 .009 .15 .45 

1.07 .07 .1 .002 .005 .31 "' .001 

.001 

.004 

.02 

2.06 .71 .77 1.28 .2 1.32 1.54 

14,427 1,844 4,365 6,209 601 7,068 6, 721 

701,280 260,640 567,360 484,020 305,280 535,680 437,760 

30 

Plant 
# 928 

.22 

.07 

.003 

.39 

.03 

.83 

.007 

.006 

.005 

.009 

.19 

1. 76 

5,948 

3~7,560 



TABlE 5-5. AVERAGE DURATlCN OF pH EXOJRSICNS BY PIANI' AND 
BY EXClJRSION RFASON 

EKcursion 
Average Duration of pH Excursions, 

Minutes/Excursion· 
Reason 

Plant Plant 'Plant Plant Plant Plant Plant 
It 102 * 150 i 491 il 586 # 664 i 782 It 786 

A) Actual 
Excursions 

Treat:Irent Systal\ 276 9 28.9 3.3 147.2 73.8 
UpsetjShutda.m 

Process Upset 3480 17 

Spills or Leaks 412.5 26.8 25.5 13.4 77.1 

Operator Error 9.7 

Storm Water 300 3 65 
Runoff 

Dnergency 165 75 
Operation 

other (Actual) 5.7 45 75 3.5 

tJnk:r.am 15.6 3.5 450 2 5.6 
Average of 515 11.5 26.5 450 10.2 89.2 53.9 
Actual~-
sion Reasons 

B) Non-Actual 
Excursions 

Instrunent Error 25.9 14.0 798.6 27.5 148.4 105 
Instrunent 11 4.0 263.2 2.0 24.4 4.9 
calibration 

Diversion/ 826.4 
Interruption 

other (Non- 5 68.8 5.0 402 
Actual) 

Average of all 22 29.76 530.9 12.88 216.41 333.89 
Non-.1\ctual 
Excursion 
Reaso!"S 

C) Average of 515 12.5 28.91 517 11.55 128.5 258.5 
All 
Excursions 
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Plant 
i 928 

7.5 

7.5 

57.8 

21.9 

112 

2 

31.9 

31.64 



'mBIE 5-6. PERCENTAGE DISTRIBOTION OF NUMBER OF pH EXaJ:RSIONS 
BY PIJ\NI' AND BY EXaJ:RSION REI\SONS 

Excursion Percent of Total ~"umber of Excursl.ons 
Reason Plant Plant Plant Plant Plant Plant 

t 102 if 150 i 491 If 586 i 664 i 782 

A) ActUaJ. 
Excursions 

Treatrrent System 82.1 29.63 46.1 26.9 42.0 
Upset/Shutdown 

Process Upset 7.1 20.00 

Spills or Leaks 7.1 4.44 46.1 69.2 18.4 

Operator Error 28.89 

StoJ:m Water 3.6 0.70 47.4 
Ruooff 
I:mergency 5.3 
Operation 

Other (Actual) 2.96 2.6 2.6 

Unkn::lwn 16.29 5.1 100 3.8 18.4 

Total of all 100.0 * 100.0 100 100.0 * 
Actual Excur-
sion Reasons 

B) Non-Act:UaJ. 
Excursions 

Instrurent 76.93 43.76 so 42.3 29.41 
En:or 
Instrurent 15.38 23.21 50 53.85 29.41 
calibration 

Diversion/ 
Inten:uption 
Other (Non- 7.69 33.03 3.85 41.18 
ktUal) 

Total of all 100.0 100.0 100 100.0 100.0 
Non-ActtJal 
Excursion 
P.ea.sons 

J?laht 
if 786 

57.1 

14.3 

28.6 

100.0 

26.32 

36.84 

36.84 

100.0 

* 'lbe total percentage is greater than 100 because of duplication of certain 
Illll'li:ler of eJ<CUrSl.Ons in different eJ<CUrSion reasons. 'lhis resulted fran one 
excursion reason leading to arother. 
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Plant * 928 

100 

100 

11.17 

~ 

79.78 

11.17 

1.06 

* 



w 
w 

Excursion 
Duration 

Range, 
Minutes 

o- 15 

16- 30 

31- 60 

61- 120 

121- 240 

241- 480 

481- 960 

961-1920 

1921-3840 

'lbtal of 
all Dura-
tion 
Ranges 

El<cursion 
Duration 
Range, 

Minutes 

o- 15 

15- 30 

30- 60 

6o- 120 

l2o- 240 

24o- 480 

48G- 960 

96G-1920 

1921-3840 

Plant 
I 102 

22 

20 

130 

770 

300 

975 

540 

mo 
10560 

14427 

Plant 
I 102 

3.66 

20 

43.3 

96.3 

150 

325 

540 
e 

1110 

3520 

" 

'.12\BIE 5-7. EXamSIOO ~ SlH-W« BY IXJRATIOO TIME (J\C'IUAL EXamSIOOS OOLY) 

'lbtal Tine of Actual Ela::ursions, Total No. of Actual Ela::ursioos 
Minutes 

Plant Plant Plant Plant Plant Plant Plant Plant Plant Plant Plant Plant Plant Plant Plant 
' 150 I 491 ' 586 f 664 I 782 I 786 I 928 f 102 f 150 I 491 I 586 I 664 f 782 I 786 I 928 

672 177 - 96 134 32 15 6 116 20 - 22 14 4 2 

178 255 - 45 100 - - 1 8 10 - 2 4 - -
392 330 - 35 40 - - 3 9 7 - 1 1 - -
106 90 - 90 1080 135 - 8 1 1 - 1 12 2 -
210 180 240 -- 775 210 - 2 1 1 1 - 5 1 --
- - - - 270 - - 3 - - - - 1 - -
- - 660 - - - - 1 - - 1 - - - -
- - - - 990- - - 1 - - - - 1 - -
- - - - -- - - 3 - - - - - - -

1558 1032 900 266 3389 377 15 28 135 39 2 26 38 7 2 

~---~- --------- L ___ -- --- ------ ----

'lNJI.£ 5-7 - continued 

Average lmlgth of Unit Actual t of Total Tllle of Actual Excursion 
Excursion 

Plant Plant Plant Plant Plant Plant Plant Plant Plant Plant Plant Plant Plant Plant Plant 
I 150 • 491 • 586 I 664 I 728 I 786 I 928 I 102 ' 150 I 491 I 586 • 664 I 728 I 786 I 928 

5.8 8.8 - 4.4 9.6 8 3.7 0.15 43.13 17.15 - 36.09 3.95 8.49 100 

22.3 25.5 - 22.5 25 - - 0.14 11.42 24.71 -- 16.92 2.95 - -
43.6 47.1 - 35 40 - - 0.9 25.16 31.98 - 13.16 1.18 - -

106 90 - 90 90.1 67.5 67.5 5.34 6.80 8.72 - 33.83 31.87 35.81 -
210 180 240 - 155 210 210 2.08 13.48 17.44 26.67 - 22.87 55.7 -
- - - - 270 - - 6.76 - - - - 7.97 - -
- - 660 - - - - 3.74 - - 73.33 - - - -
- - - - 990 - - 7.69 - - - - 29.21 - -

' 

- - - - - - - 73.2 - - - - - - -
--~ --



TABLE 5-8. DISTRIBUTION OF AVERAGE pH .AND STANDARD DEVIATION VAUlES 
OF .ACTUAL pH EXCURSIONS BY PIAN!' 

Alkaline pH Excursion Acidic pH Excursion 

Plant (pH > 9.1) (pH < 5.9) 

* Average Standard Average St.an:lard 
pH Value Deviation pH Value Deviation 

102 9.65 0.47 4.45 0.922 

150 9.31 0.366 4.12 0.879 

491 9.86 0.234 3.77 1.663 

586 - - 5.8 0.141 

664 11.69 2.217 1.91 2.537 

782 9.67 0.405 3.84 1.529 

786 9.27 0.115 5.7 0.283 

928 - -- 4.85 0.354 
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TABIE 5-9. EXCURSION DURATION BREAKI:X:WN BY ALL AND ACI'IJAL 
EXCURSION REASONS FOR PLANr # 102 

Excursion Total Tim= in Percent of Percent of 
Reason Time in Excursion, Total Total 

M:>ni toring, Minutes Excursion M:>ni toring 
Minutes Time Time in 

Excursion 
X y (Y/X X 100) 

701,280 

A) Actual Excursions 

Treatment System 6342 44.0 0.91 
Upset/Shutdown 

Process Upset 6960 48.3 0.99 

Spills or Leaks 825 5.7 0.12 

Operator Error 

Stonn Water Runoff 300 2.0 0.04 

Emergency 
<:peration 

Other {Actual) 

Unknown 

'Ibta1 Actual 14427 100.00 2.06 
Excursions (A) 

B) Non-Actual 
Excursions 

Instrurcent Error 

Instrunent 
calibration 

Diversion/ 
Interruption 

other (Non-Actual) 

'Ibtal Non-Actual 
Excursions (B) 

C) Total Actual Plus 14427 2.06 
Non-Actual 
Excursions 
(A+ B) 
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w 
m 

Total 

pH Excursion 
Fange 

G-0.9 

1-1.9 

2-2.9 

3-3.9 

4-4.9 

5-5.9 . 
9-9.9 

1G-10.9 

ll-11.9 

12-12.9 

13-14 

Period 
Covered, 
Minutes 

701,200 

TABU: 5-10. ALL liND ACl'UAL EXCURSION Bm:Al<OCMN 
FOR Prml' 1102 BY • pH WINGE 

- -
Tine \of All 

Excursions 

All Acblal All Actual 
Excursions, Excursions, Excursions Excursions 

J.tinutes Minutes 

14,427 14,427 100 100 

825 825 5.72 5.72 

525 525 3.64 3.64 

3,600 3,600 24.95 24.95 

1,987 1,987 13.77 13.77 

7,490 7,490 51.92 51.92 

-
\ of Total 

T.iJre Period 

All Actual 
Excursions Excursions 

2.06 2.06 

0.12 0.12 

0.07 0.07 

0.51 0.51 

0.28 0.20 

1.07 1.07 



'12\BIE 5-11. DIS'I'RlBU'l'IOO OF l\Crl.1AL pH EXaJRSIOO TIME BY wmf Mil BY 
OORATIOO 1WQ! FOR PIAU!' 1102 

Excursion Total Tine in Actual Excursion in Minutes During the Mlnth of 
Duration M:xrl:toring 

Range, Tine, Jan Feb Mar Apr May Jun Jul Aug sep Oct tbv Dec Jan Feb Mar 1\pr May Jun Jul Aug sep 
Minutes Minutes 1978 1978 1978 1978 1978 1978 1978 1978 1978 1978 1978 1978 1979 1979 1979 1979 1979 1979 1979 ~79 1979 

__{&_ (B) (C) (D) (E) (F) (G) (H) (I) (J) 

701,280 
o- 15 8 14 

16- 30 20 

31- 60 45 85 

61- 120 85 85 600 

121- 240 150 150 

241-480 390 585 

481- 960 540 

961-1920 1110 

1921-3840 3600 3360 3600 

'lbtal Tine 3600 85 4470 540 390 85 585 3823 849 
in 

Excursion 

w '12\BIE 5-12, Pm::mrAGE DISTRIBl1l'IOO a? ACl'llAL pH El!LlmSION 'l'Jl.!E BY 
...... wmf AND BY IltlRATlON llANGE :Ea!. PL.rm' 1102 

Excursion Percent of 'lbtal Tine in Actual Excursion * 
Duration Jan Feb Mar 1\pr May Jun Jul Atq Sep Oct tbv Dec Jan Feb Mar 1\pr May Jun Jul Aug Sep 
Range, 1978 1978 1978 1978 1978 1978 1978 1978 1978 1978 1978 1978 1979 1979 1979 1979 1979 1979 1979 1979 1979 

Minutes (B/A (C/A (D/A (E/A. (F/A (G/A (II/A (I/A (J/A 
X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) 

o- 15 .001 .002 

16- 30 ,003 

31- 60 .006 .012 

61- 120 ,012 .012 .085 

121- 240 .021 .021 

241- 480 .055 .083 

481- 960 .on 
961-1920 .158 

1921-3840 ,513 .479 .513 

Percentage of ,513 .012 .637 .077 .055 .012 .083 .545 .121 
'lbtal T:uoo in 
Actual Excursion 
for the M:lnth 
of 

-
* Refer to Table 5-11 for Actual Excursion Tine used as a basis for calculating the percentages. 



TABLE 5-13. TIME MlD NUMBER OF EXClJFSIONS BFEAI<JXM; BY AClUAL MlD 
N::N-~ RFASOOS EOR PLANT i 102 

Excursion Total N1lmber Total Time Average Percent 
Reason Time in of of Duration of of Total 

lt)ni toring 1 Excursions Excursions Unit Nl.llllber of 
Minutes Minutes Excursion Excursions 

MinutesjExcur. 
(X) (Y) (Z) (Z/Y) 

701,280 

A) 1\ctual. Excursions 

T.reatment System 23 6342 276 82.1 
Upset/Shut:r:kwn 

Pmc:ess Upset 2 6960 3480 7.1 
Spills or leaks 2 825 412.5 7.1 
Operator Error 

Storm i'Tater l 300 300 3.6 
RllnOff 

:energency 
Operation 

other (1\ctual) 

Onlcna.m 

Total 1\ctual. 28 14427 515 100.0 
ExcUrsions (A) 

B) N:ln-Actual 
Excursions 

Instrument Error 

Instrument 
calibration 

Diversion/ 
Interruption 

Other (Non-h:tual) 

Total N:ln-llctual 
Excursions (B) 

C) Total Jl.ctual Plus 28 14427 515 
Non-ktual 
Excursions 
(A+ B) 
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TABLE 5-14. E:XetmSION OOFA1'ION BRFAKOOWN BY ALL AND ACI'tJ},I, 

EXetmSION !lEASONS FOR PIAN!' ilSO 

Excursion Total Time in Percent of Percent of 
Feason Time in Excursion, Total Total 

M:lni torinq, Minutes Excursion M:)ni tcrinq 
Minutes Time Time in 

Excursion 
X y (Y/X X lOO) 

260,640 

A) Actual Excursions 

Treatment System 360 23.10 0.14 
UpsetjShutdown 

Process Upset 459 (l) 29.46 0.18 

Spills or Leaks 161 (2) 10.33 0.06 

Operator Error 380 (l) (2) 24.39 0.14 
Storm Water Rt.lrx)ff 3 O.l9 0.001 
Emargency 
Operation 

other (k:tual) 23 1.48 0.009 

Unlalcwn 344 22.08 0.13 
'lbtal Ac'b:a1 1558(J) 0.60 
Excursiol'IS (A) 

B) Non-Actual 
Excursions 

Inst:rumel'lt En'or 259 90.56 0.1 

Instrunent 22 7.69 0.008 
Calibration 

Diversio1'1/ 
Interruption 

other (~-Actual) 5 1.75 0.002 

'1btal Non-Actual 286 100.00 o.ll 
Excursions (B) 

C) Total Actual Plus 1844 0.71 
Non-J\ct\Jal 
Excursions 
(A+ B) 

(l) 66 minutes duplication in Process Upset and Operator Error Excursion Reasons. 
(2) 106 minutes dl.lplic:ation in Operator Error and Spills or Iealcs ExcUrsion ~ns. 
(3) 

Is the actual total excursion time after subtraction of d1.1plication time. 
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.tlo 
0 

Total 

pH Excursion 
&mge 

G-0.9 

1-1.9 

2-2.9 

3-3.9 

4-4.9 

5-5.9 . 
9-9.9 

1G-10.9 

11-11.9 

12-12.9 

13-14 

Period 
Covered, 
Minutes 

260,640 

TABU: 5-15. AIL .AND N:I.UAL EXarnSION BRE'.lll<IXMN 
FOR PiliNl' I 150 DY • ~ RANGE 

Tirre \of All 
Excursions 

All 1lct:ual 1lll ]V:;tual 
Excursions, Excursions' Excursions Excursions 

Z.1inutes Minutes 

1844 1558 100 84.5 

107 107 5.80 5.80 

645 468 34.98 25.38 

164 161 8.89 8.73 

84 75 4.55 4.07 
' 

673 621 36.5 33.68 

171 126 9.27 6.83 

\ of '!otal. 
Tirre Period 

All 1lctUal 
Excursioos Excursiom 

0.71 0.6 

0.04 0.04 

0.25 0.18 

0.06 0.06 

0.03 0.03 

0.26 0.24 

0.07 0.05 



TABIE 5-16. DISTIUBTJJ'ION OF ACl'liAL pll EXClJRSIOO TIME BY ~mrH AND BY 
DURATION RANCE FOR PI.Alll' I 150 

Excursion 'Ibtal Tine in Actual Excursion in Minutes During the f.bnth of 
Duration Monitoring 
Range, Tine, Oct Nov Dec Jan Feb l-iar Apr May Jun Jul Aug Sep 

Minutes t-".inutes 1978 197!1 1978 1979 1979 1979 19?:1 1979 1979 1979 1979 1979 
(A) (B) (C) (D) (E) (F) (G) (H) (I) (J) (K) (L) (M) 

260,640 

lila o- 15 9 38 275 94 111 145 

..... 
16- 30 19 42 55 24 16 22 

31- 60 47 71 37 237 

61- 120 106 

121- 240 210 

241- 480 

481- 960 

961-1920 

1921-3840 

'Ibta1 Tine 28 127 507 155 127 614 
in Excursion 



TABlE 5-17. PEOC:ENTAGE DISTRIBUl'IOO OF AC'lUAL pll EY.ct!RSION BY 
M:NIH AND BY DURATION RANGE FOR PU\Nr I 150 

Excursion Percent of Total Time in 1\ctual Excursion * 
Duration Oct Nov Dec Jan Feb Mar llpr May JUn JUl Auq Sep Range, 

1978 1978 1978 1979 1979 1979 1979 1979 1979 1979 1979 1979 Minutes 
(B/A (C/A (D/A (E/A (F/A (G/A (H/A (I/A (J/A (I</A (I/ A (M/A 
X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) 

~ 
N o- 15 .105 .036 .042 .055 

16- 30 .003 .014 .021 .009 .006 .008 

31- 60 .007 .016 .027 .014 .091 

61- 120 .018 .041 

121- 240 .081 

241- 480 

481- 960 

961-1920 

1921-3840 

Percentage of .01 .048 .194 :o59 .049 .235 
Total Tine in 
1\ctua1 Excur-
sion for the 
M:mth of 

* Refer to Table 5-16 for llctual Excursion Tine values used as a basis for calculating the percentages. 



Tll>BLE 5-18. TIME 1\ND NtlMBER OF EXctmsiONS BP:E:AI<I:X:l-lN BY ACIUJ\L 1\ND 
OON-PCitlJ\L ~em FOR PLWI' i 150 

EX:ursion Total Nl.mbar Total Time Average Percent 
Reason Time in of of Duration of of 'lbtal 

l1onitorin1, Excursions Excursions Unit Nati:ler of 
Minutes Minutes Excursion Excursions 

Minutes;'Excur. 
(X) (Y) (Z) (Z/Y) 

260,640 

A) Actual Excursions 

Treatment System 40 360 9 29.63 
Opset/Shutdcxm 

Pl:ocesS Upset 27(l) 459 (3) 17 20.00 

Spills or Leaks 6(2) 161 (4) 26.8 4.44 

Operator Error 39 (l) (2) 380 (3) <4> 9.7 28.89 
St:oi:m ~later l 3 3 0.70 
Runoff 
:enerqerx::y 
Operation 

Other (ktual) 4 23 5.7 2.96 

Unknown 22 344 15.6 16.29 
Total ktual l35(S) 1558(6) u.s * 
Excursions (A) 

B) Non-Actual 
Excursions 

Instru!lent Error 10 259 25.9 76.93 

Instrument 2 22 ll 15.38 
calibration 

Diversion/ 
Interruption 

other (Non-Actual.) l 5 5 7.69 

Total Non-Actual l3 286 22 100.0 
Excursions (B) 

C) Total Actllal. Plus 148 .1844 12.5 
Non-Actual 
EXcursions 
(A+ B) 

43 



TABLE 5-18 - continued 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

* 

Duplication of 3 excursions in excursion reasons Process Upset and 
Operator Error. 

Duplication of 1 excursion in excursion reasons Operator Error and 
Spills and Ieaks. 

66 minutes duplication in excursion reasons Process Upset and 
Operator Error. 

106 minutes duplication in excursion reasons Operator Error and 
Spills and Leaks. 

Is the total nl.lrliJer of actual excursions after subtraction of 
duplicate excursions. 

Is the total actual excursion tine after subtraction of duplicate 
excursion tine. 

The total percent is greater than 100 because of duplication of some of 
the excursions: 
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TABIE 5-19. EXOJRSION DURATION BREAI<IX:mN BY ALL AND ACI'UAL 
EXCURSION REASONS FOR PLANT #491 

Excursion Total 'rime in Percent of Percent of 
Reason Time in Excursion, Total Total 

M::>ni torin;, Minutes Excursion M:mitorin; 
Minutes Time Time in 

Excursion 
X y (Y/X X 100) 

567,360 

A) Actual Excursions 

Treatment Systan 520 50.39 0.09 
Upset/Shutdown 

Process Upset 

Spills or Lea}~ 460 '; '44 .• 57 0.08 
~ . ~ .., 

c:perator Error 

Stonn Water Runoff 

Em=rgency 
c:peration 

Other (Actual) 45 ' 4~36 0.008 

Unknc:Mn 7 0.68 0.001 

'lbtal Actual 1032 100.00 0.18 
Excursions (A) 

B) Non-Actual 
Excursions 

Instrument Error 685 20.55 0.12 

Instrunent 104 3.12 0.02 
calibration 

Diversion/ 
Interruption 

Other (Non-Actual) 2544 76.33 0.45 

'Ibtal Non-Actual 3333 100.00 0.59 
Excursions (B) 

C) 'Ibtal Actual Plus 4365 0.77 
Non-Actual 
Excursions 
(A+ B) 

45 



.a:. 
0\ 

'lbtal 

pH Excursion 
Rar¥Je 

0..0.9 

1-1.9 

2-2.9 

3-3.9 

4-4.9 

5-5.9 

9-9.9 

1o-10.9 

ll-ll.9 

12-12.9 

13-14 

Period 
Covemd, 
Minutes 

567,360 

'17aBtE 5-20. AU. Am ACm\L EXCVP.SICN mmAI<IXUt 
FOO Plmr 1491 BY pH 1Wm 

'l'iRe 1 of All 
Excursions 

All l\ctual All kt:ual 
Exl::ursi.a1S, Excursions, EKcursiolls Excursions 

Minutes Minutes 

4365 1032 100 23.54 

127 45 2.91 1.03 

2252 55 51.59 1.26 

91 55 2.08 1.26 

3.6 210 7.24 4.81 

220 35 5.04 .80 

614 272 14.07 6.23 

169 75 3.87 1.72 

576 285 13.19 6.53 

- -
- -
- -

----

\of 'lbtal 
'!'.iJne Period 

All h:t:Ua1 
ElccUrsions Excursi.ons 

.17 .18 

.02 .008 

.4 .01 

.02 .01 

.06 .04 

.04 .006 

.ll .05 

.03 .01 

.1 .05 



TABlE 5-21. DISTRIBU'J'ION OF liCl'UAL pli EXCURSIOO TIME BY IDNm AND BY 
DURATION 1WU FOR PI11l11' I 491 

Excursion Total Time in .l\ctual Excursion in Minutes Durirq the M:mth of 
Duration M:>nit:ori~ 
Range, Time, ,1\ll Aug Sq> Oct }bv Dec Jan Feb Mar Apr May Jun Jul 

Minutes Minutes 1978 1970 1978 1978 1978 1978 1979 1979 1979 1979 1979 19'79 1979 
(A) (B) (C) (D) (E) (F) (G) (H) (I) (J) (K) (L) (M) (N) 

567,360 

.s::. o- lS 5 2 10 40 20 40 60 
-...1 

16- 30 20 40 105 60 30 

31- 60 165 40 45 35 45 

61- 120 90 

121- 240 180 

241- 480 

481- 960 

961-1920 

1921-3840 

Total Time 165 5 2 30 180 80 165 85 245 30 45 
in Excursion 



TABIE 5-22. PEocmrAGE DISTRIBl1l'ICN C1I! AC'IUAL pH EY.aJRSION BY 
OOtml J\ND BY OORATIOO ItANGE: roR PIANr 1491 

Excursion Percent of Total Time in llctual Excursion * 
Duration 

Ju1 Aug sep oct 1-bv Dec Jan Feb Mar Apr May Jun Jul Range, 1978 1978 1978 1978 1978 1978 1979 1979 1979 1979 1979 1979 1979 Minutes ' (B/A (C/A (D/A (E/A (F/A (G/A (If/A (I/A (J/A (I</ A <IVA <WA (N/A 
X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100 

ll=>o 
(X) o- 15 .001 .0003 .002 .007 .003 .007 .01 

16- 30 .003 .007 .018 .01 .oos 

31- 60 .029 .007 .008 .006 .ooa 

61- 120 .016 

121- 240 .032 

241- 480 

481- 960 

961-1920 

1921-3840 

Percentage of .029 .001 .0003 .oos .032 ~014 .029 .015 .042 .005 .008 
Total Tine in 
11ctua1 Excur-
sion for the 
f.tlnth of 

* Refer to Table 5-21 for Actual Excursion Time values used as a basis for calculating the percentages. 



TABLE 5-23. TIME AND WolBER OF EXOJRSIONS EP.E:AKIX:MN BY ACI'UAL AND 
roN-ACTUAL REASONS FOR P!Mn' i 491 

Excursion Total Number Total T.iire Average Percent 
Reason T.iire in of of Duration of of Total 

lbni.torinq, Excursions Excursions Unit Number of 
Minutes- Minutes Excursion Excursions 

Minutes;'Excur. 
(X) (Y) (Z) (Z/Y) 

567,360 

A) Actual Excursions 

Treat:nent System 18 520 28.9 46.1 
Upset/Shut:d.c::Mn 

Process Upset 

Spills or teaks 18 460 25.5 46.1 

Operator Error 

Sto:an to7ater 
Runoff 

Emergency 
Operation 

Other (Actual) 1 45 45.0 2.6 

Unknown 2 7 3.5 5.1 

Total Actual 39 1032 26.5 100.0 
Excursions (A) 

B) Non-Actual 
Excursions 

Instru!tent Error 49 685 14.0 43.76 
Instru!tent 26 104 4.0 23.21 
Calibration 

Diversiozv' 
Interruption 

Other (Non-h:tual) 37 2544 68.8 33.03 
Total Non-Actual 112 3333 29.76 100.0 
Excursions (B) 

C) Total Actual Plus 151 4365 28.91 
Non-Actual 
Excursions 
(A+ B) 
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TABIE 5-24. EXCURSION DURATION BREAKJX:mN BY ALL .AND AC!'UAL 
EXCURSION REASONS FOR PIAN!' # 664 

Excursion Total Time in Percent of Percent of 
Reason Time in Excursion, Total Total 

M:>ni toring, Minutes Excursion M:>ni toring 
Minutes Time Time in 

Excursion 
X y (Y/X X 100) 

305,280 

A) Actual Excursions 

Trea'bnent Systan 23 8.65 0.01 
UpsetJShutdown 

Process Upset 

Spills or Leaks 241 90.60 0.08 

~tor Error 

Storm Water Runoff 

Energency 
<:peration 

Other (Actual) 

Unknown 2 0.75 0.001 

'lbtal Actual 266 100.00 0.09 
Excursions (A) 

B) Non-Actual 
Excursions 

Inst.ru:n"ent Error 302 90.15 0.1 

Inst.runent 28 8.J6 0.01 
calibration 

Diversion/ 
Interruption 
other (~-Actual) 5 1.49 0.002 

'lbtal libn-Actual 335 100.00 0.112 
Excursions (B) 

C) 'lbtal Actual Plus 601 0.202 
N:m-Actual 
Excursions 
(A+ B) 

so 



l11 ..... 
Total 

pH rB Excursion 
Par.ge 

G-0.9 

1-1.9 

2-2.9 

3-3.9 

4-4.9 

5-5.9 
-

9-9.9 

1Q-10.9 

11-11.9 

U-12.9 

13-14 

Period 
Covered, 
Minutes 

I 305,280 

TABIE 5-25. ALL liND 2\Cl'Ul\L EXaJRSION BREAI<IXMN 
roR PIANl' I 664 BY, pH RANGE 

Tirre \of All 
Excursions 

All l\ctual All ktual 
Excursions, Excursions, Excursions Excursions 

Z.lillutes Minutes 

601 266 100 44.26 

435 160: 73.38 26.62 

10 1.66 

8 1.33 

1 0.17 

19 3 3.16 0.5 

15 14 2.49 2.33 

28 11 4.66 1.83 
I 

14 10 2.33 1.66 

11 - 10 1.83 1.66 

60 58 9.98 9.65 

\of Total 
Tirre Period 

All Actual 
Excursions Excursions 

0.2 0.09 

0.14 0.05 

0.003 

0.003 

0.0003 

0.006 0.001 

0.005 0.004 

0.009 0.004 

0.005 0.003 

0.004 0.003 

0.02 0.02 



TABIE 5-26. DIS'l'RIBI1J'IOO OF 1\Cl'UAL pll EXCURSIOO TIME Bl! mN'l'H Mil BY 
DURATION ~ roR PIMJr I 664 J 

Excursion Total Time in Actual Excursion in Minutes During the M:mth of 
Duration »:>nitoring 
Range, Time, Oct Nov Dec Jan Feb f.!ar Apr May Jun Jul Aug Sep 

Minutes Minutes 1978 1970 1978 1979 1979 1979 1979 1979 1979 1979 1979 1979 
(A) (B) ·cc) (D) (E) (F) (G) (H) (I) (J) (K) (L) (M) 

305,280 

U1 
o- 15 68 2 12 14 

N 
16- 30 45 

31- 60 35 

61- 120 90 

121- 240 

241- 480 

481- 960 

961-1920 

1921-3840 

'lbtal Time 238 2 12 14 
in Excursion 



'l'ABrE 5-27. PEICENTAGE DIS'l'RIBt1l'IOO OF Jl.C'lUAL pH EY.<DRSIOO BY 
M:JNl'H .1\ND BY OORA'l'ION RANGE FOR PLANl' I 664 

--
Excursion Percent of Total Time in 1\ctua1 Excursion * 
Duration Oct Nov Dec Jan Feb Mar Apr May Jun Ju1 Aug Sep Range, 1978 1978 1978 1979 1979 1979 1979 1979 1979 1979 1979 1979 Minutes (B/A (C/A (D/A (E/A (F/A (G/A (H/A (I/A (J/A (K/A (I/A (!VA 

X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) 

,Ul 
w o- 15 .022 .0006 .004 .004 

16- 30 .015 

31- 60 .012 
t "';., 

61- 120 .029 

121- 240 

241- 480 

481- 960 

961-1920 

1921-3840 

Percentage of .078 .0006 .004 .004 
Total 'l'ime in 
1\ctua1 Excur-
sian for the 
l-bnth of 

* Refer to '!'able 5-26 for Actual Excursion 'l'ime values used as a basis for calculating the percentages. 



TABm 5-28. TIME AND NtlM8ER OF EXarnSIONS DFEAI<IX:WN BY ACl'Ul\L AND 
1-W-AC'IUAL REASOOS FOR PLANT i 664 

Excursion Total Number Total Tirte Average Percent 
Reason Tin'e in of of Duration of of Total 

lbni torin3', Excursions Excursions Unit Number of 
Minutes Minutes Excursion Excursions 

Minutes/Excur. 
(X) (Y) (Z) (Z;Y) 

305,280 

A) Actual Excursions 

Treatment System 7 23 3.3 26.9 
Upset/Shutdown 

Precess Upset 

Spills or Ieaks 18 241 13.4 69.2 

~tor Error 

Storm Water 
Runoff 

J:lnergency 
~tion 

Other (Actual) 

tlrllax:Mn l 2 2 3.8 

Total Actual 26 266 10.2 100.0 
Excursions (A) 

B) N:m-h:tual 
Excursions 

Instru!rent En:or ll 302 27.5 42.3 
Instrument 14 
calibration 

28 2.0 53.85 

Diversion/ 
Interruption 

other (N:m-llctual) 1 5 s.o 3.85 
Total N::m-1\ctual 26 335 12.88 100.0 
Excursions (B) 

C) Total Actual Plus 52 601 11.55 
Non-Actual 
Excursions 
(A+ B) 

54 



TABLE 5-29. EXCt.JRSION DURATION BREA!<OOWN BY ALL AND AcrDAL 
EXCURSION REASONS roR PIAN!' # 586 

Excursion Total Tfue in Percent of Percent of 
Reason Time in Excursion, Total Total 

Monitor in;, Minutes Excursion MonitorinJ 
Minutes Time Time in 

Excursion 
X y (Y/X X 100) 

484,020 

A) Actual Excursions 

Treatment System 
Upset/Shutdown 

Process Upset 

Spills or Lec:iks 

Operator Error 

Stonn Water Runoff 

Energency 
Cperation 

Other (Actual.) 

tJnknown 900 100.00 0.18 

'lbtal Actual 900 100.00 0.18 
Excursions (A) 

B) Non-Actual 
Excursions 

Ins't:rultent ErJ:or 3993 75.21 0.82 

Instrunent 1316 24.79 0.27 
calibration 

Diversion/ 
Interruption 

Other (Non-Actual} 

'lbtal Non-Actual 5309 100.00 1.09 
Excursions (B) 

C) 'lbtal Actual Plus 6209 1.27 
Non-Actual 
Excursions 
(A+ B) 
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U1 
m 

-

Total 

pH Excursion 
!lange 

o-o.9 

1-1.9 

2-2.9 

3-3.9 

4-4.9 

5-5.9 . 
9-9.9 

1D-10.9 

ll-ll.9 

12-12.9 

13-14 

Period 
Cmlered, 
lo'Jnutes 

484,020 

TMliE 5-30. ALL AND ACruAL El«l!RSIOO BRF.AI<IXMN 
roR PUN!' I 586 BY. !l" :Rm>E 

- -
'l'iJre \of All 

Excursions 

All Jl.cblal All Actual 
Excursions, Excursions, Excursions Excursions 

Z.!inutes Minutes 

6209 900 100 14.5 

5 .08 

2 .03 

1 .016 

6091 900 98.10 14.5 

100 1.60 

10 0.16 

\ of Total 
Time Period 

All Actual 
Excursi.oos Excursions 

1-.28 0.18 
-

.001 

.004 

.0002 

1.26 0.18 

0.02 

0.002 



VI 
--.J 

Excursion 
Duration 

Range, 
Minutes 

o- 15 

16- 30 

31- 60 

61- 120 

121- 240 

241- 480 

481- 960 

961-1920 

1921-3840 

Total Time 
in Excursion 

Total 
M:mitoring 

Tine, 
Minutes 

(A) 

484,020 

TABIE 5-31. DIS'IRIBUTION OF ACTUAL pll EXCURSION TIME BY M:lNI'II AND BY 
lXJRATION ~ FOR PIAU!' I 586 

Tine in 1\ctual Excursion in Minutes During the f.!onth of 

Oct Nov Dec Jan Feb f. far Apr May Jun 
1978 1970 1978 1979 1979 1979 1979 1979 1979 
(B) (C) (D) (E) (F). (G) (H) (I) (J) 

240 

660 

900 

JUl Aug Sep 
1979 1979 1979 
(K) (L) (M) 



T1IBIB 5-32. PEK:EN£1\GE DISTRIBt11'ICN a? ~ pH EY..OJRSICN BY 
MN111 AND BY OORA'l'IOO RANGE FOR PIANT I 586 

Excursion Percent of Total Tin'e in Acb.lal Excursion * 
Duration Oct Nov Dec Jan Feb Mar Apr May JUn JUl. Aug Sep Range, 1978 1978 1978 1979 1979 1979 1979 1979 1979 1979 1979 1979 Minutes 

(B/A (C/A (D/A (E/A (F/A (G/A (H/A (I/A (J/A (K/A (I/ A (f.\/ A 
X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) 

U1 
00 o- lS 

16- 30 

31- 60 

61- 120 

121- 240 .OS 

241- 480 

481- 9GO .136 

961-1920 

1921-3840 

Percentage of .186 
Total Tirre in 
Actual Excur-
sion for the 
lbnth of 

* Refer to Table 5-31 for Actual Excursion Tirre values used as a basis for calculating the percentages. 



T1\BLE 5-33. TIME AND Ntll.ffiER OF EXetmsiONS BPE'.AKIX:WN BY AcruAL AND 
NJN-ACIUAL RE1\SONS EQR PU\Nl' i 586 

Excursion 
Reason 

Total 
Time in 

rtmi torin:], 
Minutes 

A) Actual Excursions 

Treatment System 
Upset/Shutdown 

Process Upset 

Spills or Leaks 

Operator Error 

Stom ~later 
R!Jn:)ff 

Erergency 
Operation 

Other (Actual) 

tJnkn::Mn 

Total Actual 
Excursions (A) 

B) Non-Actual 
Excursions 

Inst.runent Error 

Inst:runent 
calibration 

Diversion/ 
Interruption 

Other (N:ln-Actual) 

Total Non-Actual 
Excursions (B) 

C) Total Actual Plus 
Non-Actual 
Excursions 
(A + B) 

(X) 

484,020 

Number Total Time 
of of 

Excursions Excursions 
Minutes 

(Y) 

2 

2 

5 
5 

10 

12 

59 

(Z) 

900 

900 

3993 

1316 

5309 

6209 

~ 
Average Percent 

Duration of of Total 
Unit Number of 

Excursion Excursions 
Minutes/Excur. 

(Z/Y) 

450 

450 

798.6 

263.2 

530.9 

517 

100 

100 

so 
so 

100 



TABIE 5-34. EXCUBSION DURATION ~ BY ALL AND .ACTtlAL 
EXCUBSION REASONS roR Pil\NI' i 782 

Excursion Total 
Reason Time in 

M:mitorinq, 
Minutes 

A) ktua1 Excursions 

'!Xeat:ment System 
Opse~hutdown 

PxoceSS Upset 

Spills or Leaks 

~~r Er:l:or 

Sto:tm Water Runoff 

J:)nergenc:y 
~tion 

other (ktua.l) 

Unkncw:n 

Tot& Actual 
Excursions (A) 

B) N::ln-ktual 
Excursions 

J:nsi:l:IXOOnt Error 

Inst:rulm\t 
C:llibration 

Diversion/ 
Interruption 

other {N::ln-kt\lal) 

Total N::ln-ktual 
Excursions (B) 

C) Total Actual. Plus 
Non-Actual 
Excursions 
{A+ B) 

X 

535,680 

Time in 
Excursion, 

Min"..ttes 

y 

2355 (l) 

540 (l) (3) 

1170 (1) (2) (3) 

330 {2) 

75 

39 
3389 (4) 

742 

122 

2815 

3679 

7068 

Percent of 
Total 

Excursion 
Tiire 

69.49 

15.93 

34.52 

9.38 

2.21 

1.15 

20.17 

3.32 

76.51 

100.00 

Percent of 
Total 

M:mitcrinq 
. Time in 
Excursion 

(Y/X X 100) 

" 

0.44 

0.1 

0.22 

0.06 

0.01 

0.007 

0.63 

0.14 

0.02 

0.52 

0.68 

1.31 

(l) 375 minute duplication in Tl:eat:ment System Upset, Leaks and Spills, and 
Sto:tm Water Runoff Excursion llea.sonS. 

(2) 205 minute duplication in ntergenc:y Operations and Stc:an water Runoff 
Excursion Reasons. 

(J) 165 minute duplication in Spills and Leaks and Sto:tm water Runoff Excursion 
Reasons. 

(4) Is the actual total excursion tine after subtraction of duplication times. 
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0\ 
1-' 

Total 

pH Excursion 
'Range 

o-o.9 

1-1.9 

2-2.9 

3-3.9 

4-4.9 

5-5.9 
, 

9-9.9 

lG-10.9 

ll-ll.9 

12-12.9 

13-14 

Period 
Covered, 
Minutes 

535,680 

TABLE 5-35. AIL J\ND ACTUAL EXCURSION BREAI<IX:WN 
FOR PIANI' I 782 BY· pH RAOOE 

Time \of All 
Excursions 

All Actual All J\ctual 
Excursions, Excursions, Excursions Excursions 

f.linutes Minutes 

7068 3389 100 47.95 

-- ' 

2890 990 40.89 14.00 

150 l50 2.12 2.12 

377 370 5.33 5.23 

249 242 3.52 3.42 

245 170 3.47 2.40 

680 635 9.62 8.98 

825 470 11.67 6.65 

1652 362 23.37 5.12 

--~~--

% of Total 
Time Period 

Au J\ctual. 
Excursions Excursions 

1.32 0.63 

0.54 0.18 

0.03 0.03 

0.07 0.07 

0.05 0.05 

0.05 0.03 

0.13 0.12 

0.15 0.09 

0.31 0.07 

, 
I 
I 



T1IBI.E 5-36. DIS'lRIBU'J'IOO CJE' JI.Cl.Ul\L pll EXCURSICN TIME BY Klml .Am BY 
OORATIOO Rm;E FOR PIAln' I 782 

Excursion Total Tine in .l\ctUal Excursion in Minutes During the f.lonth of 
Duration Monitoring 

Range, T.bre, Aug Sep Oct Nov Dec Jan Feb Mar Apr May JWl Jul 
Minutes Minutes 1978 1970 1978 1978 1978 1979 1979 1979 1979 1979 1979 1979 

(A) (B) (C) (D) (E) (F) (G) (H) (I) (J) (K) (L) (M) 

535,680 

0\ o- 15 15 35 29 5 15 15 5 15 
N 

16- 30 25 75 

31- 60 40 

61- 120 95 75 90 505 145 170 

121- 240 130 150 165 125 205 

241- 480 270 

481- 960 990 

961-1920 

1921-3840 

Total Tine 135 110 90 29 135 165 2060 145 130 170 220 
in Excursion 



'l'ABIE 5-37. PERCI1N'l?.GE DISTRIBO!'IW OF J\CTUl\L pH EY.aJRSIOO BY 
MNl'H AND BY OORATIOO RANGE FOR PIANr I 782 

Excursion Percent of Total Time in Actual Excursion * 
Duration 

Aug Sep Oct tbv Dec Jan Feb Mar 1\pr May Jun JUl. Range, 1978 1978 1978 1978 1978 1979 1979 1979 1979 1979 1979 1979 
Minutes (B/A (C/A (D/A (E/A (F/A (G/A (H/A (I/A (J/A (K/A (I/A OVA 

X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) 

0\ 
w o- 15 .003 .006 .005 .001 .003 .003 .001 .003 

16- 30 .005 .014 

31- 60 .007 

61- 120 .018 .014 .017 .094 .027 .032 

121- 240 .024 .028 .031 .023 .038 

241- 480 .05 

481- 960 .185 

961-1920 

1921-3840 

' Percentage of .025 .01 .017 .005 .025 .031 .384 .027 .024 .032 .041 
Total Time in 
Actual Excur-
sion for the 
f.tlnth of 

* Refer to Table 5-36 for Actual Excursion T.iJre values used as a basis for calculating the percentages. 



TABLE 5-38. TIME AND NUMBER OF EXCUFSIONS BF.Ero.<!XMN BY ACI'UAL AND 
OON-ACI'UAL RE'ASGIS FOR PUINT If 782 

Excursion Total Number Total Tirre Average Percent 
Reason Tirre in Of of Duration of of Total 

lbnitoring, Excursions Excursions Unit Number of 
Minutes Minutes Excursion Excursions 

Minutes/Excur. 
(X) (Y) (Z) (Z/Y) 

535,680 

A) Actual Excursions 

Treatment System l6 (1) 2355<4> 147.2 42.0 
Upset/Shut:d.cwn 

Process Upset 

Spills or leaks 7(1) (3) 540 <4> <6> 77.1 18.4 
Operator Error 

St:ol:m t-7ater 18 (1)( 2) 1170 <4> <5> 65 47.4 
Runoff (3) (6) 

anergen::y 2(2) 33o<5> 165 5.3 
Operation 

Other (Actual) 1 75 75 2.6 

~ 7 39 5.6 18.4 

Total 1lctual 38<7> 3389 (8) 89.2 * 
Excursions (A) 

B) N:m-Actual. 
Excursions 

Inst:rurrent Error 5 742 148.4 29.41 
Instrunent 5 122 24.4 29.41 
calibration 

Diversion/ 
Interl:Uption 

other (Non-Actual) 7 2815 402 41.18 
Total N:m-Act:ual. 17 3679 216.41 100.0 
Excursions (B) 

C) Total Actual Plus 55 7068 128.5 
Non-ktual 
Excursions 
(A+ B) 
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TABLE 5-38 - continued 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

* 

Duplication of 5 excursions in excursion reasons Treatlrent System 
Upset, Spills and Leaks, and Storm Water Runoff. 

Duplication of 1 excursion in excursion reasons Emergency Operation 
and Storm Water Runoff. 

Duplication of 2 excursions in excursion reasons Storm Water Runoff 
and Spills and Leaks. 

375 minutes duplication in excursion reasons Treatment System Upset, 
Spills and Ieaks, and Storm Water Runoff. 

205 minutes duplication in excursion reasons Emergency Operation and 
Storm Water Runoff. 

165 minutes duplication in excursion reasons Storm Water Runoff and 
Spills and Leaks. 

Is the total number of actual excursions after subtraction of duplicate 
excursions. 

Is the totai • actual excursion time after subtraction of duplicate 
excursion times. 

Is greater than 100 because of duplication of SOire of the excursions. 
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TABI.E 5-39. EXCURSION DURATION BREAKIX:WN BY ALL AND ACI'UAL 
EXCURSION REASONS FOR PLAN!' i 786 

Excursion Total Time in Percent of Percent of 
Reason Time in Excursion, Total 'lbtal 

M:mi toring, Minutes Excursion M:mi toring 
Minutes Time Time in 

Excursion 
X y (Y/X X 100) 

437,760 

A) Actual Excursions 

Treatment System 295 78.25 0.07 
UpsetJShutdown 

Process Upset 

Spills or Leaks 
Operator Error 

StoDn Water Runoff 

Emergency 75 19.89 0.02 
Operation 

other (Actual) 7 1.86 0.001 

U:n.known 

Total Actual 377 100.00 0.091 
Excursions (A) 

B) Non-Actual 
Excursions 

525 8.27 0.12 

34 0.54 0.007 

Diversion/ 5785 91.19 1.32 
Interruption 

other (Non-Actual) 

Total N:>n-Actual 6344 100.00 1.447 
Excursions (B) 

C) Total Actual Plus 6721 1.54 
Non-Actual 
Excursions 
(A+ B) 
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0'1 
-...) 

'lbtal 

tH Excursion 
Fange 

D-0.9 

1-1.9 

2-2.9 

3-3.9 

4-4.9 

5-5.9 . 
9-9.9 

lD-10.9 

11-11.9 

12-12.9 

13-14 

Period 
Covered, 
Minutes 

1 437,760 

TJIBIE 5-40. ALL liND .llC'lUAL EXOJRSIOO BRF.l\I([QIN 

FOR .PIANr I 786 BY· ¥fi R1INGE 

Tine \of All 
Excursions 

All Ilctual All 1\ctual. 
Excursions, Elccursions. Excursions Excursions 

Jlinutes Minutes 

6721 377 100 5.61 

5 0.07 

480 7.14 

4237 355 63.04 5.28 

1987 22 29.56 0.33 

7 0.1 

5 0.07 

~~-

\ of 'lbtal 
Tine Period 

All Actual 
Excursions Excursi.ons 

1.54 0.09 

0.001 

0.11 

0.97 O.OB 

0.45 0.005 

0.001 

0.001 

~ 



TJ\BIE 5-41. DIS'm!BUTION OF l\Cl'UAL pll EXamSION TIME BY ~mllf AID BY 
DURATION R1INGE roR PIM1l' I 786 

Excursion 'lbtal Tilre in J\ctua1 Excursion in Minutes During the f.Dnth of 
Duration 1-Dni toring 
Range, Tilre, Oct Nov Dec Jan Feb .lar 1\pr May Jun Ju1 Aug Sep 

Minutes Minutes 1978 1970 1978 1979 1979 1979 1979 1979 1979 1979 1979 1979 
(A) (B) (C) (D) (E) (F) (G) (H) (I) (J) (K) (L) (M) 

437,760 

m o- 15 7 10 15 
00 

16- 30 

31- 60 60 

61- 120 75 

121- 240 210 

241- 480 

481- 960 

961-1920 

1921-3840 

'lbta1 Time 277 75 10 15 
in Excursion 



TABlE 5-42, PEK::ENTAGE DISTIUBO!'IOO OF 1\C'ltlAL pH EY.CliRSIOO BY 
M:m.H AND BY DURATION I1AOOE FOR PLANT I 786 

Excursion Percent of 'lbtal T.bre in 1\ctual Excursion * 
Duration Oct Nov Dec Jan Feb Mar Apr May JUn Jul Aug Sep Range, 

1978 1978 1978 1979 1979 1979 1979 1979 1979 1979 1979 1979 Minutes (B/A (C/A (D/A (E/A (F/A (G/A (H/A (I/A (J/A (K/A (I./A (loVA 
X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) 

0\ 
\.0 o- 15 .002 .002 .003 

16- 30 

31- 60 .013 

61- 120 .017 

121-, 240 .048 

- 241- 480 

481- 960 

961-1920 

1921-3840 

Percentage of .063 .017 .002 .003 
Total T.bre in 
Actual Excur-
sion for the 
f-Dnth of 

* Refer to Table 5-41 for Actual Excursion T.bre values used as a basis for calculating the percentages, 



'12\BLE 5-43. TIME liND NtlMBER OF EXCURSictlS BFEAI<IX:WN BY AClUAL liND 
N:lN-ACIUAL REASCNS FOR PIAN'1' I 786 

Excursion Total Nlxnber Total Time Averase Percent 
Reason Time in Of of Duration of of Total 

Uonitorinq, Excursions E»:ursions Unit Nunber of 
Minutes Minutes Excursion Excursions 

Minutes/Excur. 
(X) (Y) (Z) (Z/Y) 

437,760 

A) Jl.ctUal Excursions 

Treatment System 4 295 73.8 57.1 
Upset/Shutdown 

Procesl!l Upset 

Spills or Iez!ks 

Operator Error 

St:m:m i1ater 
Runoff 

Emergency l 75 75.0 14.3 
Operation 

Other (Actual) 2 7 3.5 28.6 

Unknc7.om 

Total Act:ual 7 377 53.9 100.0 
Excursions (A) 

B) ~Actual. 
Excursions 

Inst.r\lnent Error 5 525 105.0 26.32 
Instr\mmt 7 34 4.9 36.84 
C'allhration 

Diversion/ 7 5785 826.4 36.84 
Interruption 

other (N:m-Actual) 

Total Non-Actual l9 6344 333.89 100.0 
Excursions (B) 

C) Total Actual Plus 26 6721 258.5 
Non-Actual 
Excursions 
(A+ B) 



TABIE 5-44. EXctJRSION OORATICN B~ BY AIL 1INil .ACroAL 
EXctJRSICN RE'.ASOl-S FOR PIAN!' t 928 

Excursion Total Tim! in Percent of Percent of 
Reason Tim! in Excursion, Total Total 

M:lni torin:J, Minutes Excursion M:lni torin:J 
Minutes Tim! Tim! in 

Excursion 
X y (Y/X X 100) 

337,560 

A) Actual Excursions 

Treatment System 15 100.00 0.004 
Upset/Shutdown 

Process Upset 

Spills or Leaks 

Operator En:or 

Stonu Water Runoff 

Emergency 
~ation 

Other (Actual) 

Unkoowl.'l 

'lbtal Actual 15 100.00 0.004 
Excursions (A) 

B) Non-Actual. 
Excursions 

Instrurrent Erx:or 1214 20.46 0.36 

Instrunent 3280 (l) 55.28 0.97 
Calibration 

Diversion/ 2351 (1) 39.63 0.70 
Interruption 

·other (Non-Actual) 4 0.06 0.002 

'lbtal Non-Actua1 5933 (2) 1.76 
Excursions (B) 

C) 'lbtal Actua1 Plus 5948 1.764 
Non-Actual 
Excursions 
(A+ B) 

(1) 
916 minute duplication in Non-Actual Excursion ~ons, Instrurrent 

(2) 
Calibration and Diversion/Interruption. 

Is the total non-actual excursion time after subtraction of duplication 
tirre. 
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f 

-..1 
1\l 

'l'otal 

pH Excursion 
JW\ge 

o-o.9 

1-1.9 

2-2.9 

3-3.9 

4-4.9 

5-5.9 . 
9-9.9 

1G-10.9 

11-11.9 

12-12.9 

13-14 

------

Period 
Covered, 
Minutes 

337,560 

--

TABU: 5-45. ALL AND ACWl\L EXCURSION BREAI<J:nlN 
FOR PI11Nl' I 928 BY•fH RAN:>E 

---- ----

Tine \of All 
Excursions 

All Actual All .Actual 
Excursions, Ex:cursions, Excursions Excursions 

Z.tinutes Minutes 

5948 15 100 0.25 

759 12.76 

245 4.12 

10 0.17 

1309 22.00 

86 5 1.44 0.08 

2813 10 47.29 0.17 

26 0.44 

22 0.37 

17 0.28 

30 0.50 

631 10.61 

------------- L.... -----

-
\ of Total 

Tine Period 

All Jl.ct1lal 
Excursioos Excw:sions 

1.76 0.004 

0.22 

0.07 

. 0.003 

0.39 

0.03 0.001 

0.83 0.003 

0.007 

0.006 

0.005 

0.009 

0.19 

--- ----



-...J 
w 

'I 

Excursion 
Duration 
Range, 

Minutes 

o- 15 

16- 30 

31- 60 

61- 120 

121- 240 

241- 480 

481- 960 

961-1920 

1921-3840 

'lbta1 TUne 
in Excursion 

'lbtal 
!obni toring 

Time, 
Minutes 

(A) 

337,560 

TJ\BIE 5-46. DISTRIWJ'ION OF J\Cl'UAL plf EXClrnSIOO TIME BY ~mm AND BY 
DURATION IWm FOR PINll' I 928 

Time in Actual Excursion in Minutes During the .Month of 

oct Nov Dec Jan Feb J.!ar Apr May Jun 
1978 1970 1978 1979 1979 1979 1979 1979 1979 
(B) (C) (D) (E) (F) (G) (H) (I) (J) 

Ju1 Aug Sep 
1979 1979 1979 
(K) (L) (M) 

15 

15 



....] 

Ill-

ExcUrsion 
Duration 
Range, 

Minutes 

o- 15 

16- 30 

31- 60 

61- 120 

121- 240 

241- 480 

481- 960 

961-1920 

1921-3840 

Percentage of 
Total Time in 
Actual Excur-
sion for the 
f.bnth of 

TABLE 5-47. 

Oct Nov 
1978 1978 
(B/A (C/A 
X 100) X 100) 

Pm:::mrAGE DIS'I'RIBU1'ICN OF ACTUAL pH EY.CURSIOO BY 
r-rmH liND BY DURATION Rl\NGE FOR PIANr I 928 

Percent of Total Time in Actual ExcUrsion * 
Dec Jan Feb Mar J\pr May JUn Jul Aug 
1978 1979 1979 1979 1979 1979 1979 1979 1979 
(0/A (E/A (F/A (G/A {lfjA (I/A (J/A (K/A (L/A 
X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) X 100) 

.004 

.004 

* Refer to Table 5-46 for llctual Excursion Time values used as a basis for calculating the percentages. 

Sep 
1979 
(M/A 
X 100) 



TABLE 5-48. TIME AND NUMBER OF EXaJRSIONS Bl'IE1Il<lX:WN BY AClUAL AND 
NON-AClUAL REASCNS :roR PLANT t 928 

Excursion Total Number Total Time Average Percent 
Reason Time in o.E of Duration of of Total 

lbnitoring, Excursions Excursions Unit Number of 
Minutes Minutes Excursion Excursions 

Minutes/Excur. 
(X) (Y) (Z) (Z/Y) 

337,560 J 

A) Actual Excursions 

Treatment System 2 l5 7.5 100.0 
Upset/Shutdown 

Process Upset 

Spills or :teaks 

Operator Error 

Sto:cn ~later 
Runoff 

~ 
Operation 

Other (Actual) 

tJnkn::lwn 

Total Actual 2 l5 7.5 100.0 
Excursions (A) 

B) N:m-Actual 
Excursions 

Instr\Jil'ent Error 21 1214 57.8 11.17 
Inst:rurrent lSO (l) 3280 (2) 21.9 79.78 
Ca.l.ibration 

Diversion/ 21 <1> 2351 <2> ll2 ll.17 
Interruption 

Other (N::m-Actual) 2 4 2 1.06 
'Ibtal Non-Actual 186(3) 5933(4) 31.9 
Excursions (B) 

C) Total Actual Plus 188 5948 31.64 
Non-JI.ctual. 
Excursions 
(A+ B) 
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TABIE 5-48 - continued 

(1) 

(2) 

(3) 

(4) 

Duplication of excursions in excursion reasons Instrument Error 
and Flow Diversion or Interruption. 

916 minutes duplication in Non-Actual excursion reasons Instrument Error 
and Flow Diversion or Interruption. 

Is the total n'l.llli:>er of t-!on-Actual excursions after subtraction of 
dt.1plicate excursions. 

Is the total Non-Actual excursion time after. subtraction of 
duplication tirre. 
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SECTION 6.0 

pH CONTROL COST DATA 

6.1 GENERAL 

During the visit for collection of pH excursion data, the 
plant personnel were requested to fill out a questionnaire 
containing flow, cost, and other information pertaining to the pH 
control system. The cost information included the capital and 
annual operation and maintenance cost data. ·The capital cost 
figures given by the plants were updated 1979 cost figures except 
for one plant, and the capital cost for that plant has been 
escalated to the March 1979 value by using a cost index (7). The 
capital costs were annualized using the following formula: 

n n 
CA = B[r(1 + r) ]/[(1 + r) - 1] 

Where: 

CA = Annual cost 
B = Amount invested (excluding cost of land) 
r = Annual interest rate 
n = Useful life in years 

For computing the annualized capital cost, a 10 percent 
interest rate, 10 years life for the equipment and zero salvage. 
value at the end of 10 years were assumed. 

Table 6-1 gives the total annual cost of the pH control 
system and the waste water flow values for the plants visited. 
No direct mathematical relationship could be found between the 
cost, flow, and other variables because of the intermixing of 
other product waste water, raw influent pH, and joint treatment. 

In many cases, the raw waste water was intermixed with waste 
water from other processes (including organics} and the cost 
figures were for the commingled waste water. Plants #498 and 
#928 were the only plants where the waste water originated from 
the manufacture of a single inorganic product. The amount of 
neutralization chemicals used is dependent on the influent pH of 
the single or combined waste water, and is reflected in the 
annual operation and maintenance cost. In the case of acid 
subcategories, leaks and spills constitute a major source of 
waste water. The pH of the waste water in the case of leaks 
depends on the extent and duration of the leaks. For combined 
waste water pH control, the pH of the two or more combined waste 

77 



water streams were different and treatment costs could not be 
related to a single pH factor. In some cases, along with pH, 
other pollutants were also treated. For example, in the 
hydrofluoric acid and aluminum fluoride subcategories, the 
neutralization system has been installed to remove fluoride from 
the waste water. The pH and fluoride are thus jointly treated in 
that system, and the cost cannot be broken down or separated for 
pH control. The type of neutralizing chemicals used, the number 
of stages used for neutralization, and the sophistication of the 
control system also have bearing on the total annual cost. There 
was no evidence from the cost/flow data given in Table 6-1 of a 
direct relationship between pH · control cost and flow. 
Furthermore, no relationship was found between pH peak and cost. 

6.2 PLANT DATA 

The cost figures for the pH control systems for the 8 plants 
visited are given in Tables 6-2 thr'ough 6-9. The tables include 
the waste water flow, capital cost, annual operation and 
maintenance cost, and the total annual cost of the pH control 
systems. 

The cost figures given in Table 6-2 for Plant il02 are for 
pH control of titanium dioxide subcategory waste water. After 
neutralization, the waste water is combined with other product 
waste water and discharged through a single outfall. The pH 
compliance and pH control cost for this plant are not directly 
related because of intermixing of other waste water. 

The flow figure given for Plant ilSO is comprised of the 
waste water from chlorine-caustic and hydrochloric acid 
subcategories. Hydrochloric acid subcategory waste water 
constitutes a small percent of the total flow, and the costs are 
more representative of the chlorine-caustic subcategory. 

The waste water flow given in Table 6-4 for Plant i491 is 
for sulfuric acid subcategory only, and the costs given in the 
same table are representative of the subcategory. 

At Plant i586, other products are manufactured and the pH 
control cost given in the table are for the sodium metabisulfite 
and sulfur dioxide subcategories. The waste water from different 
products, after treatment, is combined and discharged through a 
single outfall. In spite of commingling, the plant has few 
actual excursions. The treatment system has lagoons for 
smoothing out the pH excursions and also for removing suspended 
solids of the combined waste water; the cost figures do not 
include the cost of lagoon installation. 

The pH control costs given for Plant i664 in Table 6-6 are 
for the non-contact cooling waters of hydrofluoric acid and 
sulfuric acid subcategories. The process waste water from the 
hydrofluoric acid facility is treated separately and this pH 
control cost is not included in the table; therefore, the cost 
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figures are more representative of the sulfuric acid subcategory. 

Plant #782 has a biological treatment system. The pH 
control costs are for the combined waste water from hydrogen 
cyanide and other inorganic and organic products. The costs are 
less in spite of the large flow because of the intermixing of 
alkaline and acidic waste water generated from different products 
manufactured at the plant site. The costs include the additional 
neutralization chemicals used and installation and operation of 
the pH monitors. These costs are more representative of plants 
making multiple products. 

The flow and pH control figures given in Table 6-8 for Plant 
#786 are for a single subcategory, sodium silicate. The cost 
figures are representative of the subcategory. 

The flow and pH control cost figures given in Table 6-9 for 
Plant #928 are for the hydrofluoric acid and aluminum fluoride 
subcategories. The influent flow to the treatment system is less 
because the plant recycles a major portion of waste water from 
the two subcategories. The neutralization system is a joint 
treatment system for both pH and fluoride removal and control. 
Based on the excursion data, the plant has the most efficient pH 
control system of all the plants visited. 
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TABLE 6-1. stMmRY OF 'roTAL ANNUAL <X>ST OF pH <X>NTROL SYS'IEM AND 
WASTE WATER FI.l:W OF PLANTS S'IUDIED FOR pH ASSESSMEm' 

Plant# 

102 

150 

491 

586 

664 

782 

786 

928 

Waste Water Flav, 

m3/day 

4,201 

35,734 

16,667 

4,080 

25,075 

7,522 

129 

600 

80 

Total Annual Cost of 
pH Control, 
dollars/yr 

557,700 

223,600 

193,830 

170,030 

50,340 

73,900 

10,740 

870,320 



TABLE 6-2. pH TREATMENT AND CONTROL COSTS FOR PLANT #102 

============================================================== 
Subcategory: TITANIUM DIOXIDE (Chloride Process) 

Waste water flow: 4201 cubic meters per day 

A. INVESTMENT COST 

Equipment and 
Installation Cost ••••••••• 
Engineering Cost •••••••••• 
Other ••• ; ••••••••••••••••• 

TOTAL INVESTMENT COST 

$345,000 
6,050 
3,600 

$354,650 

B. ANNUAL OPERATION AND MAINTENANCE COST 

Labor Cost •••••••••••••••• 
Maintenance Cost •••••••••• 
Chemical Cost ••••••••••••• 
Other (Taxes, insurance, 
monitoring, analysis and 
reporting, etc.) •••••••••• 

TOTAL ANNUAL OPERATION AND 
MAINTENANCE COST 

C. AMORTIZATION OF INVESTMENT 
COST 

TOTAL ANNUAL COST 

81 

$ 80,000 
20,000 

400,000 

$500,000 

$ 57, 700 

$557,700 



TABLE 6-3. pH TREATMENT AND CONTROL COSTS FOR PLANT #150 

============================================================== 
Subcategories: HYDROCHLORIC AND CHLORINE-CAUSTIC 

Waste water flow: 35,734 cubic meters per day ~ 

A. INVESTMENT COST 

Equipmen~ Cost •••••••••••• 
Installation Cost ••••••••• 
Engineering Cost •••••••••• 
Other . •...•..•.••.••.•.... 

TOTAL INVESTMENT COST 

$ 48,000 
64,000 
33,000 

$145,000 

B. ANNUAL OPERATION AND MAINTENANCE COST 

Labor Cost •••••••••••••••• 
Maintenance Cost •••••••••• 
Chemical Cost ••••••••••••• 
Other (Taxes, insurance, 
monitoring, analysis and 
reporting, etc.) •••••••••• 

TOTAL ANNUAL OPERATION AND 
MAINTENANCE COST 

C. AMORTIZATION OF INVESTMENT 
COST 

TOTAL ANNUAL COST 

82 

$ 50,000 
20,500 
82,000 

47,500 

$200,000 

$ 23,600 

$223,600 



TABLE 6-4. pH TREATMENT AND CONTROL COSTS FOR PLANT #491 

============================================================== 
Subcategory: SULFURIC ACID 

Waste water flow: 16,667 cubic meters per day 
--------------------------------------------------------~-----

A. INVESTMENT COST 

Equipment Cost •••••••••••• 
Installation Cost ••••••••• 
Engineering Cost •••••••••• 
Other ••••••••••••••••••••• 

TOTAL INVESTMENT COST 

$250,000 
100,000 

30,000 

$380,000 

B. ANNUAL OPERATION AND MAINTENANCE COST 

Labor Cost •••••••••••••••• 
Maintenance Cost •••••••••• 
Chemical Cost ••••••••••••• 
Other (Taxes, insurance, 
monitoring, analysis and 
reporting, etc.) •••••••••• 

TOTAL ANNUAL OPERATION AND 
MAINTENANCE COST 

C. AMORTIZATION OF INVESTMENT 
COST 

TOTAL ANNUAL COST 

83 

$ 20,000 
30,000 
72,000 

10,000 

$132,000 

$ 61,830 

$193,830 



TABLE 6-5. pH TREATMENT AND CONTROL COSTS FOR PLANT *586 

============================================================== 
Subcategory: SODIUM METABISULFITE + SULFUR DIOXIDE 

Waste water flow: 4080 cubic meters per day 

A. INVESTMENT COST 

Equipment Cost •••••••••••• 
Installation Cost ••••••••• 
Engineering Cost •••••••••• 
Other ••••••••••••••••••••• 

TOTAL INVESTMENT COST 

$ 72,800 
118,100 

$190,900 

B. ANNUAL OPERATION AND MAINTENANCE COST 

Labor Cost •••••••••••••••• 
Maintenance Cost ••• o•••••• 
Chemical Cost •••••• o•••••• 
Other (Taxes, insurance, 
monitoring, analysis and 
reporting, etc.) •••••••••• 

TOTAL ANNUAL OPERATION AND 
MAINTENANCE COST 

C. AMORTIZATION OF INVESTMENT 
COST 

TOTAL ANNUAL COST 

84 

$ 15,340 
10,760 
69,200 

43,670 

$138,970 

$ 31,060 

$170,030 



TABLE 6-6. pH TREATMENT AND CONTROL COSTS FOR PLANT #664 

============================================================== 
Subcategory*: HYDROFLUORIC ACID+ SULFURIC ACID 

Waste water flow: 25,075 cubic meters per day 

A. INVESTMENT COST 

Equipment Cost •••••••••••• 
Installation Cost ••••••••• 
Engineering Cost •••••• e••• 
Other ••••••••••••••••••••• 

TOTAL INVESTMENT COST $125,000 

B. ANNUAL OPERATION AND MAINTENANCE COST 

Labor Cost •••••••••••••••• 
Maintenance Cost •••••••••• 
Chemical Cost ••••••••••••• 
Other (Taxes, insurance, 
monitoring, analysis and 
reporting, etc.) •••••••••• 

TOTAL ANNUAL OPERATION AND 
MAINTENANCE COST 

C. AMORT:EZATION OF INVESTMENT 
COST 

TOTAL ANNUAL COST 

$ 20,340 

$ 50,340 

* pH control costs are included only for non-contact cooling 
waters of both the subcategories. 
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TABLE 6-7. pH TREATMENT AND CONTROL COSTS FOR PLANT #782* 

===~========================================================== 
Subcategory: HYDROGEN CYANIDE 

Waste water flow: 7522** cubic meters per day 

A. INVESTMENT COST 

Equipment Cost •••••••••••• 
Installation Cost ••••••••• 
Engineering Cost •••••••••• 
C>1:ll~r ••••••••••••••••••••• 

TOTAL INVESTMENT COST $ 32,248 

B. ANNUAL OPERATION AND MAINTENANCE COST 

Labor Cost •••••••••••••••• 
Maintenance Cost •••••••••• 
Chemical Cost ••••••••••••• 
Other (Taxes, insurance, 
monitoring, analysis and 
reporting, etc.) •••••••••• 

TOTAL ANNUAL OPERATION AND 
MAINTENANCE COST 

C. AMORTIZATION OF INVESTMENT 
COST 

TOTAL ANNUAL COST 

$ 68,000 

$ 5,900 

$ 73,900 

* The costs are for pH control of hydrogen cyanide and 
four other organic product waste waters. 

** The total effluent figure is for hydrogen cyanide and 
four other organic products. 
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TABLE 6-8. pHTREATMENT AND CONTROL COSTS FOR PLANT #786 

============================================================== 
Subcategory: SODIUM SILICATE 

Waste water flow: 129 cubic meters per day 

A. INVESTMENT COST 

Equipment Cost •••••••••••• 
Installation Cost ••••••••• 
Engineering Cost •••••••••• 
Other••••••••••o•••••••••• 

TOTAL INVESTMENT COST $ 15,000 

B. ANNUAL OPERATION AND MAINTENANCE COST 

Labor Cost •••••••••••••••• 
Maintenance Cost •••••••••• 
Chemical Cost ••••••••••••• 
Other (Taxes, insurance, 
monitoring, analysis and 
reporting, etc.) •••••••••• 

TOTAL ANNUAL OPERATION AND 
MAINTENANCE COST 

C. AMORTIZATION OF INVESTMENT 
COST 

TOTAL ANNUAL COST 

87 

$ 4,000 
3,600 

700 

$ 8 ~ 300 

$ 2,440 

$ 10,740 



TABLE 6-9. pH TREATMENT AND CONTROL COSTS FOR PLANT i928 

============================================================== 
Subcategory: HYDROFLUORIC ACID + ALUMINUM FLUORIDE 

Waste water flow: 600 cubic meters per day 

A. INVESTMENT COST 

Euipment Cost ••••••••••••• 
Installation Cost ••••••••• 
Engineering Cost •••••••••• 
Other ••••••••••••••••••••• 

TOTAL INVESTMENT COST $1,600,000 

B. ANNUAL OPERATION AND MAINTENANCE COST 

Labor Cost •••••••••••••••• 
Maintenance Cost •••••••••• 
Chemical Cost ••••••••••••• 
Other (Taxes, insurance, 
monitoring, analysis and 
reporting, etc.) •••••••••• 

TOTAL ANNUAL OPERATION AND 
MAINTENANCE COST 

C. AMORTIZATION OF INVESTMENT 
COST 

TOTAL ANNUAL COST 

88 

$ 52,000 
180,000 
273,000 

82,000 

$610,000 

$260,320 

$870' 320 
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APPENDIX A 

TRIP REPORTS AND RAW EXCURSION DATA 

A.l INTRODUCTION 

The detailed description of the pH control facilities 
including the waste water treatment system of the plants visited 
for assessment of pH control of process waters of the Inorganic 
Chemicals subcotegories are given in Section A.2 of this 
Appendix. The pH excursion data collected during the plant 
visits from the continuous pH monitoring charts, logbooks, and 
information provided by plant personnel is given in Section A.3 
of this Appendix. The collected raw excursion data was used to 
evaluate the pH compliance for each plant and for the Inorganic 
Chemicals Industry in general. 

A.2 PLANT TRIP REPORTS 
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PLANT 1102 TRIP REPORT 

Plant tl02 was visited for observance of the waste water 
treatment system and review of the pH continuous monitoring 
charts for the Titanium Dioxide (Ilmenite Chloride Process) 
Subcategory. 

Plant tl02 uses Ilmenite ore or upgraded titanium ore 
(titania slag) for the manufacture of titanium dioxide by the 
chloride process. The plant also makes one organic and two other 
inorganic products. 

The plant has two discharge outfalls, 101 and 201. The 
non-contact cooling water from the four products manufactured are 
combined and sent to a cooling water pond before discharge 
through outfall 101. The capacity of the pond is 25 million 
gallons and has a retention time of 2 days. 

The process waste water from the pigment plant, consisting 
of acid scrubber and chlorinated sumps, and other process 
effluents, is neutralized with lime in a reactor. In the first 
reactor, enough lime is added using feed forward control to raise 
the pH of the raw waste water from 1 to 4.8-5.2. The effluent 
from the first reactor is combined with the boiler blowdown, 
cooling tower blowdown, deionization waste and storm water, and 
fed to a second reactor where it is reacted with additional lime 
using feedback control to raise the pH to 8. The reacted waste 
water is then sent to the new tailings pond. The capacity of the 
tailings pond is 60 million gallons and the residence time of 
water in the pond is 30 days. Waste waters from the other two 
inorganic products are also sent to the new tailings pond. Waste 
water from the organic product is aerated in a lagoon and the 
effluent is sent to the new tailings pond. The effluent from the 
new tailings pond is monitored for flow and pH. When the pH 
exceeds the 6-9 range, it is corrected manually'with 50 percent 
caustic soda prior to discharge. 

The new tailings pond was built and began filling in 
mid-April 1979. Prior to building the new pond, the old pond was 
used for settling prior to final discharge. The plant personnel 
suspected that water might be leaking from the old pond and 
seeping into ground water because of the pervious nature of the 
pond bottom. The discharge of the overflow from the old pond was 
stopped on May 2, 1979. The overflow from the organic product 
waste water lagoon was stopped from flowing into the old pond on 
July 9, 1979 and was sent instead to the newly built pond. Water 
from the old pigment pond was pumped to the new pigment pond 
starting June 1, 1979. The pH of the waste water when pumping 
began was in the range of 5.3 to 5.6. The pH in the effluent 
from the new pond at that time was in the range of 7.2 to 8.5. 
The pH in the effluent from the new pond started going down 
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because of increased biodegradation of organic product waste 
water in the new pond. The biodegradation of the organic product 
waste water resulted from the increased residence time in the 
settling ponds and greater dilution. Attempts were then made to 
manually adjust the pH at the outfall, whenever a low pH 
excursion was observed. This was accomplished by adding 50% 
sodium hydroxide. The manual adjustment continued until July 16, 
1979. Exact pH control was not possible because of the manual 
addition and arso because of increased flow. The manual addition 
was stopped a few days after the old pond had been complete_ly 
drained out. The new pond, at present, is operating smoothly and 
the plant personnel do not foresee any problems in the future. 
Also, the scrubber waste water from one of the inorganic products 
is sent to a second neutralization tank (of the pigment treatment 
system) when high pH is observed because of leaks. Prior to 
rerouting it was sent directly to the pigment pond without any 
treatment. The simplified block diagrams of the treatment system 
and lagoons are given in Figures A-1 and A-2. 

PLANT #150 TRIP REPORT 

Plant #150 was chosen to represent the Hydrochloric Acid 
Subcategory for the Inorganic Chemicals pH study and visited for 
that purpose. Upon subsequent return, discussion led to the 
conclusion that the nature of the data, and the plant design 
warranted its inclusion in the Chlor-Alkali subcategory. A small 
fraction (10,000 lbs/day) of the total HCl produced is used to 
neutralize wastes from the Chlor-Alkali processes. The HCl is 
produced via a simple two-stage process of combustion and 
absorbtion. First, H2 and Cl2 gas are burned to form HCl gas, 
and this gas is then absorbed into water. 

The only wastes from this process are non-contact cool~ng 
water and trap acid. The cooling water is discharged to a mar1ne 
waterway after mixing with treated chlor-alkali wastes, and the 
trap acid is used to condition brine for the chlorine process. 
The cooling water flow from the HCl plant is approximately 43 gpm 
and flows via two separate routes to a final mixing box where all 
discharged wastes are joined just prior to outfall. The major 
route presently flows past the plant's salt pads, thus picking up 
some additional water at times. During the period covered by the 
data, this flow went directly t? the final mixing box. A 
secondary route first flows into the chlor-alkali area of the 
plant where it joins part of the chlorine and sodium chlorate 
cooling wastes prior to flowing to the mixing box. 

At the m1x1ng box, should the 
specification, a secondary adjustment 
system is operated via a linear-analog 
control which can add either caustic or 
system was installed in 1977. 

final pH be out of 
corrects the pH. This 
controller using feedback 
acid, as necessary. This 

Waste water from 
non-contact cooling for 
other wastes are sent 
discharged). 

the chlor-alkali process consists of 
chlorine and caustic cooling wastes (all 
to ponds for evaporation and are not 
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The caustic evaporator wastes are treated via a series of 
primary and backup hotwells which add hydrochloric acid as 
necessary to neutralize the waste water. Should these additions 
fail to properly neutralize, the water in this sewer can be 
diverted to a retention tank (retention time .75 hour). Flow 
from the hotwells (or retention tank if necessary) goes to the 
final plant mixing box and can, along with the non-contact 
cooling water from chlorine and HCl, be neutralized by the 
secondary trim system capable of adjusting with either caustic or 
acid. The non-contact chlorine waste, like that for HCl 
undergoes no neutralization other than the mixing effect with 
treated caustic cooling and the secondary trim system. Figure 
A-3 is a simplified flow diagram of the pH control system. 

This plant had the largest number of excursions in the 
shortest amount of time; however, considering total time in 
actual excursions, this plant has a good compliance record. The 
majority of the excursions noted were due to process or treatment 
upsets in the chlor-alkali area of the plant. On this basis and 
the basis of total production and waste water volume, it was 
decided to use the data obtained to represent the chlor-alkali 
subcategory. The large number of excursions can in part be 
explained by major process relocation and additions at the plant. 

This particularly affects the plant as the waste water is 
not treated in a distinct system, but is adjusted primarily at 
"on-site" locations and any major construction disturbs these 
systems. 

PLANT 1491 TRIP REPORT 

Plant 1491 was visited for the review of pH control systems 
and continuous monitoring charts for the Sulfuric Acid 
Subcategory. Two schemes are used for the production of sulfuric 
acid. In the first system, dried, molten sulfur is burned in air 
producing sulfur dioxide. Sulfur dioxide is oxidized to trioxide 
in the presence of vanadium catalyst. Sulfur trioxide is then 
absorbed in weak sulfuric acid to produce the required grade 
sulfuric acid. The vent gases are scrubbed with water, and the 
scrubber water is sent to the absorber. The second process of 
making sulfuric acid consists of decomposing sludge acid from an 
oil refinery. The sulfur dioxide formed from decomposition is 
purified before being converted to trioxide and then to sulfuric 
acid. The purification step which includes cooling and 
filtration of gas, produces a weak acid stream (known as purge 
acid stream) which is discharged to the treatment system. 

In the two process 
types of heat exchangers 
The cooling water from 
in a trough and a pH 
indication of the water 
goes down because of 

schemes, for non-contact cooling, two 
are used; cascade and shell and tube. 

the cascade heat exchangers is collected 
monitor placed in the trough gives an 

condition. When the pH in the trough 
a leak in the unit, soda ash is added 
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manually to neutralize the cooling tower effluent before 
discharge. In the shell and tube heat exchangers, the effluent 
cooling water is also monitored for pH and when a leak is 
detected, the water pressure is increased to stop the flow of 
acid in the cooling water until the unit is fi~ed. The water 
from the exchangers is mixed with the treated waste water before 
final discharge. 

In the treatment system, the acid purge (from refinery spent 
acid), spills and leaks are sent to a reaction tank where caustic 
is added to bring the pH to 9. The reactor is operated in a 
batch mode and one to three batches are reacted each day, 
depending on the production. The effluent from the reaction tank 
is sent to a settling tank where precipitated solids, if any, are 
settled out. The effluent from the settling tank is mixed with 
the non-contact cooling water and is discharged through a single 
outfall. The pH probe is located in the circulating pump liner 
where a part of the discharge flow is pumped to the probe for 
monitoring. Figure A-4 is a simplified illustration of the 
treatment system of Plant i491. 

PLANT 1586 TRIP REPORT 

Plant 1586 was visited for the purpose of obtaining data for 
the Inorganic Chemicals pH Study for the Sodium Bisulfite 
Subcategory. Plant i586 does not produce sodium bisulfite, but a 
very closely related product, sodium metabisulfite (MBS). Also 
produced at Plant i586 are one organic product and three other 
inorganic products. Sodium metabisulfite is manufactured by the 
reaction of sulfur dioxide with sodium carbonate, and the 
subsequent crystallization of the resulting sodium bisulfite 
solution. The sulfur dioxide necessary for this process is made 
at the MBS plant. 

Waste water from the sodium metabisulfite process, which 
includes tank cleaning, floor wash, and scrubber water, goes to a 
sump for lime addition (20-30 percent slurry}. There it is mixed 
with waste from the organic plant, which has undergone biological 
treatment, and raw waste from the inorganic product 2 plant. 
From the sump, the waste water is pumped to an aeration tank (il, 
Figure A-5) to convert the sulfites into sulfates. Joining the 
flow at this point is waste wa~er from the inorganic product 3 
plant and from what is labeled the Hydro Sump. This sump, at one 
time, served as the first point of treatment for the facility's 
inorganic product 4 plant, but a change in process due to high 
sulfate concentrations in the waste has now eliminated flow from 
the inorganic product 4 plant. The sump is now used for some 
laboratory wastes, truck washings, and irregular wastes (e.g., 
washdowns, etc.) from the inorganic product 4 plant and organic 
production area. 

Water from the inorganic product 3 process is sent through a 
clarifier, a settling basin and a settling pond to remove the 
heavy metals prior to entering the il aeration tank. After 
aeration, the water is sent for settling of calcium sulfate in a 
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series of three ponds, with the last, the polishing pond, 
containing an aerator to supply the necessary oxygen supply for 
aquatic life upon discharge to the river. The pH monitor is 
placed at the effluent of the polishing pond. Figure A-5 is a 
simplified flow diagram of the waste water treatment system. 

The pH is controlled at two points and monitored at six 
points within the treatment system including the final outfall. 
The first monitoring points are located just prior to and just 
following the equalization tank in the organic product biological 
treatment portion of the system. Between the equalization tank 
and the organic waste aeration tank, the pH is adjusted to a 
range suitable for the bacteria used. Normally, sulfuric acid is 
added at this point to lower the pH, but presently sodium 
carbonate is being added due to a high concentration of nitrates. 

The major pH adjustment takes place in the MBS sump. Here, 
lime addition takes place via an automatic feedback system that 
utilizes a pneumatic device which acts basically as an on-off 
mode of control. This system responds to a probe at the sUmp, 
however, the system may be manually operated and often is in 
response to readings from the *1 aeration tank. After the *1 
aeration tank, no pH adjustment takes place, other than the 
leveling off effect of the settling ponds. 

It should be noted that although biological treatment is 
present in this system, all biological treatment of organic 
product takes place prior to mixing with the waste streams of the 
inorganic compounds. Therefore, the pH control after this mixing 
may be considered specifically for the purpose of controlling 
waste pH of the inorganic industry as a whole. 

PLANT 1664 TRIP REPORT 

Plant *664 was visited for review of the pH continuous 
monitoring charts of the discharged treated/untreated waste 
waters for the Hydrofluoric Acid Subcategory. 

Two products, hydrofluoric acid and sulfuric acid, are 
manufactured at Plant *664. The process waste waters from the 
hydrofluoric acid plant are treated separately and a major 
portion is recycled and a small portion is discharged as a purge. 

The pH is not monitored continuously on the discharge purge. 

Grab samples are taken every 2 hours and analyzed for pH and 
other pollutants. The NPDES permit does not require the plant to 
monitor the pH continuously. The non-contact cooling waters from 
hydrofluoric acid and sulfuric acid plants are combined and 
discharged through a separate outfall. The pH of the discharge 
is monitored continuously. The pH excursion data was collected 
for this outfall for it was the only discharge that was monitored 
continuously and available for review. The collected data 
represents only a portion of that needed to truly be 
representative of the hydrofluoric acid subcategory, and is 
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probably in all actuality more representative of the sulfuric 
acid subcategory, as non-contact cooling is generally the only 
waste for H2S04. 

The gypsum slurry and scrubber waste water from the 
hydrofluoric acid process is sent to a neutralization tank where 
it is reacted with soda ash. Storm runoff from the plant area is 
also sent to the neutralization tank. The effluent from the 
neutralization tank is sent to one of the two settling ponds. 
One pond is cleaned while the other one is in operation and 
vice-versa. A majority of the solids settle in the ponds. The 
overflow from the pond goes to the final settling pond. A major 
portion of the effluent from the final settling pond (about 90%) 
is sent to the process for reuse and the rest is discharged as a 
purge. As mentioned earlier, grab samples are collected every 2 
hours and analyzed for pH and other pollutants. The plant 
personnel claimed that they never had an excursion (from the grab 
samples data) outside the 6-9 range since they started using 
sodium carbonate for neutralization a few years back. Prior to 
using soda ash, they used lime and had scaling problems in the 
recycled water. 

Another pond does exist next to the final settlng pond where 
backwasQ filter water from the sulfuric acid process is sent. 
This pond is also intended for storage of water resulting from 
any emergency operation. A small quantity of liquid was present 
in the surge pond at the time of the plant visit. Figure A-6 is 
a block diagram of the treatment system. 

The non-contact cooling waters from the hydrofluoric and 
sulfuric acid processes are discharged through a second, separate 
outfall. When a leak, occurs, a standby automatic bicarbonate 
system is activated. Whenever the continuous pH monitor sees an 
excursion below pH 6, it opens up the bicarbonate feed valve and 
the waste water is neutralized. If the leak is from the 
non-contact sulfuric acid coolers, the water (only H2S04 
non-contact cooling) is diverted to the HF neutralization tank 
until the leak is stopped and the heat exchanger can be returned 
to normal operation. Figure A-6 is a simplified block diagram of 
the waste water treatment system. The bicarbonate system was 
chosen because of the buffering capabilities of the sodium 
bicarbonate. This enables the plant to correct for acidic waste 
using an excess of bicarbonate without the typical "overshooting" 
problem, because the pH of the buffered water will not exceed the 
pH limit of 9. At first there were difficulties with the system, 
as the sodium bicarbonate would reduce to sodium carbonate. This 
problem was solved by continuously circulating the bicarbonate 
solution. It ~as also found that if air was mixed at a 
controlled rate, the neutralizing capabilities of the bicarbonate 
increased, while not significantly reducing 'the buffering effect. 

It should be noted that this system is only cost effective 
if the cooling water leaks and spills are well curtailed because 
of the high cost of bicarbonate. 
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PLANT t782 TRIP REPORT 

Plant i782 was visited for the purpose of obtaining data for 
the inorganic chemicals pH study (Hydrogen Cyanide Subcategory). 
Hydrogen Cyanide (HCN) is one of many compounds including various 
organics that are manufactured at Plant i782. The facilities 
operate three plants using the Andrussow Process to produce 
hydrogen cyanide with two plants adding an additional step to 
produce acetone-cyanhydrin (ACN) via the combination of acetone 
and hydrogen cyanide. These two products are then used captively 
at the plant for production of organic products. 

The waste water treatment system is a single-stage 
biological system designed to handle the variety of raw wastes 
from the numerous prod.ucts made at Plant #782. Included in the 
system is a grit chamber, a primary and secondary API, an aerated 
lagoon, a flocculator, and a clarifier (see Figure A-8). 

Waste entering the system does so from three separate areas 
in the plant, the North, East, and West. Waste water flows 
through the treatment system via two major routes. The first 
route is that of the chemical sewers. Here the waste water 
passes through a grit chamber and a primary API into a 
compositing pond where it is joined by a waste acid stream from 
an acid process. From there the water flows through a secondary 
API and into an aerated lagoon with a 14 day retention time. 
After aeration, the water goes to a flocculator, and proceeds to 
a clarifier where it is mixed with water following the second 
route. The total waste water at this point is sent to final 
discharge. 

The water channeled in the second route is comprised of 
runoff, washdown, etc., entering via surface sewers from each of 
the plant's three areas. This water is first sent to a surface 
pond where it undergoes a two-stage pH adjustment and then is 
piped to a trickling filter. It then merges with the treated 
chemical wastes in the clarifier. 

Products contributing to the waste streams of each area are 
listed along with flow of each area stream and its entering pH in 
Figures A-7 and A-8. 

Waste from the HCN process enters the east chemical sewer as 
a combined HCN-ACN waste and cannot be separated from the ACN 
waste. A .649 mgd flow from the hydrogen cyanide plants 
(including ACN) is mixed with a 10 gpm flow of organic product 1 
waste and is sent to an ammonia stripper. After stripping, an 80 
gpm organic product 2 waste stream plus a 100 to 120 gpm organic 
product 3 waste flow make up the final constituents of the east 
chemical sewer. 

Raw HCN-ACN waste enters the east chemical sewer at a pH of 
approximately 2.0. The sewer flow remains about 2.0 until the 
stripping process where it rises to a pH of 12.5. The additional 
waste streams, post stripping, do not significantly affect the 
12.5 pH. This stream then enters the treatment facility. In the 
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treatment system, the waste water {chemical sewer) is mixed with 
the waste acid stream which brings the pH down and then the pH is 
adjusted to 7 in the secondary API Separator, necessary for the 
BOD treatment in the aerated lagoon. 

The surface sewers go through a two-stage automatic ' 
neutralization in the surface pond. Practical and effective pH 
adjustment is made in the surface pond water which blends with 
treated waste water just past the clarifier. Water from the 
surface pond leaves at a pH of 7.0 to 8.5. It is kept slightly 
basic in order to balance the slightly acidic water (originally 
from the chemical sewers and the acid plant) in the clarifier. 
The pH controls and monitors are marked on the treatment system 
diagram shown in Figure A-8. Should the pH be out of 
specification at discharge, the pH would be adjusted by hand at 
the clarifier until necessary steps could be taken. 

The pH records at this plant were kept fairly well. The 
number of excursions ranks in the low to average range except for 
the month of March, 1979, during which time heavy rains caused 
many problems. Rain overflow, especially in the North Surface 
Drain, is the most frequent cause of pH excursions not only in 
March, but throughout the year. 

It should be noted that Plant #782 treatment system is not 
typical of the inorganic industry in that it is a biological 
treatment system. The very nature of the biological system 
requires a close monitoring of the pH throughout treatment to 
insure the life of the bacteria used. This close monitoring is 
not necessarily typical in the inorganic industry. Plant #782 
was chosen because it is the only Hydrogen Cyanide plant using 
the Andrussow Process that has the data required for this study. 

PLANT #786 TRIP REPORT 

Plant #786 was visited for review of the pH control system 
and collection of the pH excursion data for the Sodium Silicate 
SubcategoJry. The waste water from the plant consisting of 
contact cooling water, non-contact cooling water, rainfall 
runoff, and tank car washings, etc., are combined and sent to a 
sump containing a mixer where it is neutralized with concentrated 
sulfuric acid. The neutralization tank is equipped with an 
on-off controller, using feedback mode for the addition of acid. 

The reacted solution is then sent to the retention pond 
where the suspended solids, if present, are allowed to settle. 
The pond has blue gill fish and turtles. The turtles have been 
resident in the pond since the pond was built. Blue gill fish 
have been in residence for several years; however, being more 
pH-susceptible, their popu'lation varies with pH conditions in the 
pond. The retention time of the waste water in the pond is 
approximately 4-5 days. The effluent from the pond is discharged 
through a sluice gate. The flow, temperature, and pH are 
monitored continuously prior to discharge through the gate. When 
the pH of the discharged effluent falls outside the 6-9 range, 
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the gate is closed to stop the discharge. The water in the pond 
is sometimes mixed using a portable pump to mix and smooth out 
the excursions at the time the discharge is blocked. 

PLANT #928 TRIP REPORT 

Plant i928 was visited for collection of pH excursion data 
for Hydrofluoric Acid and Aluminum Fluoride Subcategories. In 
addition to hydrofluoric acid and aluminum fluoride, Plant *928 
also makes organic and other inorganic products, fertilizer 
chemicals, and nitric acid. 

The process waste water from hydrofluoric acid and aluminum 
fluoride products are combind, treated and discharged separately 
from the other product waste water. The process waste waters 
from aluminum fluoride and hydrofluoric acid units (including 
gypsum slurry) is sent to a pond (called "gypsum stack" by the 
plant) where the suspended solids are separated. The rainwater 
runoff from the two production areas is also sent to the first 
pond. According to plant personnel, the precipitation is higher 
than evaporation and the runoff is the only water that is 
discharged with a small amount of purge after treatment. The pH 
of the water in the pond is approximately 1.5. The supernatant 
from the first pond goes to another pond. The effluent from the 
second pond is routed through two different paths. In the first 
course, almost all the water coming from the process is recycled 

· for reuse, and the runoff water and a small amount of purge is 
sent to the fluoride treatment system through the second path. 

In, the fluoride treatment system, the water coming from the 
second pond is reacted with 10% lime slurry. The waste water 
gets neutralized along with the fluoride precipitation. The 
residence time of waste water in the reactor is 5 minutes. The 
reacted waste water is sent to a clarifier. The underflow from 
the clarifier is returned to the first pond. The clarifier 
overflow is sent to a holding tank. The holding tank effluent is 
discharged to the river through two alternate pipes, each 5000 
feet long. One pipeline is used for effluent discharge while the 
other one is being cleaned/flushed with the river water for scale 
removal. At the dicharge point, the treated waste water is 
monitored continuously for pH~ temperature, and flow. Whenever a 
low pH is observed, the effluent from the holding pond is 
diverted to the first pond instead of being discharged. Figure 
A-9 is a simplified block diagram of the waste water treatment 
system. 
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A.3 pH EXCURSION DATA 

The collected excursion data includes date, time, reason (in 
the form of a code) and remarks, if any, for each pH excursion. 
A brief explanation of the codes is given in Table A-1 • 

• 
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TABLE ~-1. EXPlANATION OF EXCURSION REASON-coDES 

Reason-code Brief Description 

1 * Process upset 

2* Waste water treatment upset or shutdown 

3 pH recorder instrument error 

4 pH noni toring instrument calibration 

5* Operator error in the operation of the 
waste water treatment equipnent/systern 

6 Diversion operation. The discharge flow 
was interrupted or diverted to a :pond or 
back to the neutralization unit. Even 
though there was no discharge, the pH 
recorder shc:Med an excursion due to its 
placement. 

7 Other - any non-actual excursion that 
could be ~lained by a reason other 
than listed in the codes. 

8* Unknown 

9* Emergency operation-plant shutdown, 
power failure, etc. 

10* Spills or leaks 

11* Storm water runoff. Excursiops resulting 
fran treatment system overload because of 
heavy rain or storms. 

12* Other- any actual excursion that could 
be ~lained by a reason other than listed 
in the codes. 

* Classified as an actual excursion. 
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PLANT MO. DAY YEAR TIME. PH ••• MIN •• CODE REASON •••••••••••• EXPLANATION ••••••• 

102 04 03 1978 0500 10.5 3600 1 PROCESS UPSET SCRUBBER DISCHARGE 
FROM OTHER PROCESS 

1.:12 08 12 1978 1045 9.5 85 2 TREATMENT SYSTEM CONTROL PROBLEM IN 
MALFUNCTION - NEUTRALIZATION 
SHUTDOWN TANK 

1.:12 09 01 1978 0200 10.6 3360 1 PROCESS UPSET SCRUBBER DISCHARGE 
FROM OTHER 
PROCESS(EXCESS 
CAUSTIC FROM 
SCRUBBER 
BLOW-DOWN) 

102 09 26 1978 0900 9.8 1110 2 TREATMENT SYSTEM LIME CONTROL 
MALFUNCTION - MALFUNCTJ'ON 
SHUTDOWN 

102 11 17 1978 1720 3.6 540 10 SPILLS OR LEAKS EXCURSION FROM 
NON-CONTACT 
COOLING WATER 
DISCHARGE OUTFALL. 
RESULTED FROM A 
RUPTURED HOSE IN 
THE SULFURIC ACID 
UNLOADING STATION. 

1.:12 01 12 1979 1)630 10.2 390 2 TREATMENT SYSTEM LIME CONTROL 
MALFUNCTION - MALFUNCTION-NEUTRA 
SHUTDOWN LIZATION TANK 

102 02 16 1979 1550 10.5 85 2 TREATMENT SYSTEM LIME CONTROL 
MALFUNCTION - MALFUNCTION 
SHUTDOWN 

102 03 3 1979 1025 3.5 285 10 SPILLS OR LEAKS LEAK IN A COOLER, 
RECORDED IN 
NON-CONTACT 
COOLING OUTFALL. 

102 03 03 1979 2100 4.0 300 11 FAILURE OF PUMPS 
TO HANDLE STORM 
WATER RUN-OFF 

102 06 22 1979 1530 5.9 3fi00 2 TREATMENT SYSTEM SHORT CTRCUITING 
MALFUNCTION - OF ORGANIC PLANT 
SHUTDOWN POND 

102 06 24 1979 1130 4.8 150 2 TREATMENT SYSTEM SEE 6/22/79 
MALFUNCTION -
SHUTDOWN 

102 Oli 25 1979 1025 9.4 20 2 TREATMENT SYSTEM SEE F./22/79 
MALFUNCTION -
SHUTDOWN 

102 017 25 1979 1445 9.1 2 2 TREATMENT SYSTEM SEE fi/22/"79 
MALFUNCTION -
SHUTDOWN 

102 OF; 26 1979 1420 9.4 5 2 TREATMENT SYSTEM SEE 6/22/79 
MALFUNCTION -
SHUTDOWN 

102 06 27 1979 0820 10.0 45 2 TREATMENT SYSTEM SEE 6/22/79 
MALFUNCTION -
SHUTDOWN 

102 06 27 1979 1620 9.2 1 2 TREATMENT SYSTEM SEE 6/22/79 
MALFUNCTION -
SHUTDOWN 
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PLANT MO. DAY YEAR TIME. PH ••• MIN •• CODE REASON •••••••••••• EXPLANATION ••••••• 

102 07 1)2 1979 1930 9.2 40 2 TREATMENT SYSTEM SEE 6/22/79 
MALFUNCTION -
SHUTDOWN 

102 07 04 1979 0830 10.0 10 2 TREATMENT SYSTEM SEE 6/22/79 
MALFUNCTION -
SHUTDOWN 

102 07 6 1979 1130 9.9 90 2 TREATMENT SYSTEM SEE 6/221"9 
M.a LFUNCTION -
SHUTDOWN 

102 1)7 07 1979 0800 9.1 3 2 TREATMENT SYSTEM SEE n/22/79 
MALFUNCTION -
SHUTDOWN 

102 07 07 1979 1730 9.3 120 2 TREATMENT SYSTEM SEE n/22/79 
MALFUNCTION -
SHUTDOWN 

102 07 08 1979 2100 9.3 45 2 TREATMENT SYSTEM SEE 6/22/79 
MALFUNCTION -
SHUTDOWN 

102 07 11 1979 0500 4.9 75 2 TREATMENT SYSTEM SEE n/22/79 
MALFUNCTION -
SHUTDOWN 

102 07 11 1979 2200 9.6 150 2 TREATMENT SYSTEM SEE 6/22/79 
MALFUNCTION -
SHUTDOWN 

102 07 12 1979 09~0 9.5 120 2 TREATMENT SYSTEM SEE n/22/79 
MALFUNCTION -
SHUTDOWN 

102 07 13 1979 0930 9.2 75 2 TREATMENT SYSTEM SEE 6/22/79 
MALFUNCT,ION -
SHUTDOWN 

102 07 14 1979 0700 9.6 1 2 TREATMENT SYSTEM SEE 6/22/79 
MALFUNCTION -
SHUTDOWN 

102 07 15 1979 1330 9.5 120 2 TREATMENT SYSTEM SEE 6/22/79 
MALFUNCTION -
SHUTDOWN 
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PLANT MO. DAY YEAR TIME. PH ••• MIN •• CODE REASON •••••••••••• EXPLANATION ••••••• 

150 01 17 1979 1718 5.2 19 1 PROCESS UPSET AC!D AREA 
150 01 25 1979 1417 9.2 2 8 UNKNOWN UNKNOWN 
150 01 205 1979 0715 9.2 7 2 TREATMENT SYSTEM TREATMENT SYSTEM 

MALFUNCTION - MALFUNCTION 
SHUTDOWN 

150 02 n 1979 1105 9.1 5 8 UNKNOWN 
150 02 7 1979 1305 3.7 5 A UNKNOWN 
150 02 8 1979 0900 ~.n 15 3 INSTRUMENT ERROR 
150 02 10 1979 0108 4.7 17 10 SPILLS OR LEAKS DRYING TOWER LEAK 
150 02 10 1979 2330 9.1 4 1 PROCESS UPSET CAUSTIC AREA 
150 02 11 1979 1705 9.1 3 8 UNKNOWN 
150 02 lOS 1979 l'i40 9.2 o; 8 UNKNOWN 
150 02 ln 1979 2107 ~.o 47 1 PROCESS UPSET AC!O AREA 
150 02 21 1979 1321 9.3 15 1 PROCESS UPSET CAUSTIC AREA 
150 02 21 1979 1520 9.4 25 1 PROCESS UPSET CAUSTtC AREA -

EVAPORATORS 
150 03 3 1979 0515 9.3 1oo; 5 OPERATOR ERROR OPERATOR ERROR 

RESULTING IN 
RETENTION TANK 
OVERFLOW, CAUSED A 
MAJOR CLEANUP AND 
EXCURSION PROBLEM. 

10 SPILLS OR LEAKS 
150 03 3 1979 0710 3.3 3 5 OPERATOR ERROR 
150 03 3 1979 0715 9.4 5 5 OPERATOR ERROR THE REMAINDER OF 

THE EXCURSIONS 
FROM MARCH 3 
THROUGH MARCH 5 
RESULT FROM 
ATTEMPTS TO 
CORRECT TANK 
OVERFLOW 

150 03 3 1979 0720 2.5 4 5 OPERATOR ERROR 
150 03 ~ 1979 0725 9.5 3 5 OPERATOR ERROR 
150 03 3 1979 07:!0 3.3 10 5 OPERATOR ERROR 
150 03 3 1979 0740 9.3 3 5 OPERATOR ERROR 
150 03 3 1979 0745 4.1 4 5 OPERATOR ERROR 
150 03 4 1979 0842 9.4 4 5 OPERATOR ERROR 
150 03 4 1979 0917 9.2 12 5 OPERATOR ERROR 
150 03 4 1979 0930 3.6 5 5 OPERATOR ERROR 
150 03 4 1979 0945 9.3 32 5 OPERATOR ERROR 
150 03 4 1979 1020 10 .li 39 5 OPERATOR ERROR 
150 03 4 1979 1445 9.1 3 5 OPERATOR ERROR 
150 03 4 1979 2305 9.1 2 5 OPERATOR ERROR 
150 03 5 1979 0410 9.1 10 5 OPERATOR ERROR 
150 03 5 1979 0502 9.~ 11 5 OPERATOR ERROR 
150 03 5 1979 0517 9.2 3 5 OPERATOR ERROR 
150 03 5 1979 0520 9.2 1 5 OPERATOR ERROR 
150 03 5 1979 o5~o 9.2 3 5 OPERATOR ERROR 
150 03 5 1979 0537 9.2 3 5 OPERATOR ERROR 
150 03 5 1979 0542 9.2 3 5 OPERATOR ERROR 
150 03 5 1979 0550 9.2 3 5 OPERATOR ERROR 
150 0~ 5 1979 0555 9.2 3 5 OPERATOR ERROR 
150 03 5 1979 ono3 9.2 3 5 OPERATOR ERROR 
150 03 5 1979 ono7 9.2 3 5 OPERATOR ERROR 
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PLANT MO. DAY YEAR TIME. PH ••• MIN •• CODE REASON •••••••••••• EXPLANATION ••••••• 

150 03 5 1979 061f; 9.2 3 5 OPERATOR ERROR 
150 03 5 1979 QIS20 9.2 3 5 OPERATOR ERROR 
150 03 5 1979 Q630 9.2 3 5 OPERATOR ERROR 
150 03 5 1979 0637 9.2 1 5 OPERATOR ERROR 
150 03 5 1979 O'i42 9.2 3 5 OPERATOR ERROR 
150 Q3 5 1979 0650 9.2 'l 5 OPERATOR ERROR 
150 03 5 1979 Ofi57 9.3 4 5 OPERATOR ERROR 
150 03 5 19'79 0703 9.3 3 5 OPERATOR ERROR 
150 03 5 1979 0710 9.3 'I 5 OPERATOR ERROR 
15Q 03 5 1979 0715 9.3 5 5 OPERATOR ERROR 
150 Q3 5 1979 0828 9.3 21 4 INSTRUMENT 

CALIBRATION 
150 03 8 1979 1245 9.7 2 2 TREATMENT SYSTEM 

MALFUNCTION -
SHUTDOWN 

15Q 03 8 1979 2110 4.5 5 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

150 03 8 1979 2145 9.1'> fj 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

150 03 8 19'79 2150 9.1 2 2 TREATMENT SYSTE~ 
MALFUNCTION -
SHUTDOWN 

150 03 8 19'79 2202 3.7 3 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

150 03 8 1979 2207 5.2 10 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

150 O'l 8 1979 2218 9.5 5 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

150 03 9 1979 0350 3.3 3 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

150 03 9 19'79 Q405 4.5 3 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

150 03 9 1979 0520 3.3 11 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

150 03 9 19'79 1114 5.8 1 8 UNKNOWN 
150 03 10 1979 1900 5.Q 1 8 UNKNOWN 
150 03 11 1979 2045 4.8 2 8 UNKNOWN 
150 03 11 1979 2100 4.8 1 8 UNKNOWN 
150 03 12 1979 1 '715 5.8 15 8 UNKNOWN 
150 03 13 1979 0840 9.3 3 8 UNKNONN 
150 03 13 1979 0950 4.2 5 8 UNKNOWN 
150 03 13 1979 1435 4 • .; 2 8 UNKNOWN 
150 03 18 1979 0'745 9.2 '7 12 RELAY SWITCH TO PH 

ALARM HAD BEEN 
PULLED ;THEREFORE 
PH ALARM DID NOT 
SOUND AND PH WAS 
NOT CORRECTED. 
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PLANT MO. DAY YEAR TIME. PH ••• MIN •• CODE REASON •••••••••••• EXPLANATION ••••••• 

'150 03 18 19'79 0955 9.2 2 12 
150 03 18 19"79 1148 5.6 2 12 
150 03 20 1979 0715 3.0 120 3 INSTRUMENT ERROR TENSION IN 

RECORDER LINE 
FAULTY 

150 03 23 1979 01'\50 9.4 7 3 INSTRUMENT ERROR 
150 03 23 1979 0805 4.2 3 3 INSTRUMENT ERROR 
150 03 23 1979 0945 5.0 2 3 INSTRUMENT ERROR 
150 03 24 1979 Ou13 5.4 1 3 INSTRUMENT ERROR 
150 1)3 24 1979 ll850 9.1 4 1 PROCESS UPSET EVAPORATORS 
15() 03 27 1979 0711; 9.1 2 8 UNKNOWN 
15() 03 27 1979 1155 9.1 3 8 UNKNOWN 
150 03 30 1979 0750 9.3 28 1 PROCESS UPSET CAUSTIC AREA 
150 03 30 1979 0900 9.2 27 1 PROCESS UPSET CAUSTIC AREA 
150 03 31 1979 0715 9.3 13 1 PROCESS UPSET CAUSTIC AREA 
150 03 31 1979 1305 9.1 2 1 PROCESS UPSET CAUSTIC AREA 
150 03 31 1979 2015 9.3 13 1 PROCESS UPSET CAUSTIC AREA 
150 03 31 1979 2115 5.0 10 1 PROCESS UPSET CAUSTIC AREA 
150 04 1 1979 0740 9.1 10 1 PROCESS UPSET CAUSTIC AREA 
150 04 4 1979 1325 3.4 42 3 INSTRUMENT ERROR 
150 04 5 1979 0750 2.1; 24 1 PROCESS UPSET ACID AREA 
150 04 5 1979 1450 3.9 14 1 PROCESS UPSET ACID AREA 
150' 04 7 1979 1650 9.1 9 2 TREATMENT SYSTEM RETENTION TANK 

MALFUNCTION - OVERFLOW REQUIRED 
SHUTDOWN MANUAL OPERATION 

OF TREATMENT 
SYSTEM. OVERFLOW 
ACCOUNTED FOR 
EXCURSIONS THROUGH 
4-19. 

150 04 7 1979 2050 9.1 37 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

15() 04 15 1979 1030 4.3 3 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

150 04 16 1979 2110 9.1 .; 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

150 04 11; 1979 2130 9.1 2 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

150 04 16 1979 2315 4.3 1 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

150 04 16 1979 2320 4.2 5 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

150 04 17 1979 0905 9.1 5 8 UNKNOWN 
150 04 19 1979 0905 9. 1 5 2 TREATMENT SYSTEM 

MALFUNCTION -
SHUTDOWN 

150 . 04 19 1979 0915 9.1 2 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 
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PLANT MO. DAY YEAR TTME. PH ••• MIN •• CODE REASON •••••••••••• EXPLANATION ••••••• 

150 04 19 1979 11917 9.3 8 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

150 04 26 1979 0715 5.7 12 1 PROCESS UPSET ACID AREA 
150 04 26 1979 u940 5.3 1 4 INSTRUMENT 

CALIBRATION 
1su 04 29 1979 15u5 4.R 1 2 12 EMPTYING SCALE PIT 

IN ACTO AREA. 
150 OS 7 1979 1100 3.8 7 2 TREATMENT SYSTEM 

MALFUNCTION -
SHUTDOWN 

150 OS 9 1979 1445 5.7 5 7 OTHER TESTTNG PURPOSES 
150 05 9 1979 1550 9.9 13 2 TREATMENT SYSTEM INSTRUMENT SHOWING 

MALFUNCTION - WRONG PH LED TO 
SHUTDOWN TREATMENT SYSTEM 

MALFUNCTION AT THE 
RETENTION TANK. 

1su 05 9 1979 2130 3.7 11 2 TREATMENT SYSTEM SEE 1550 
MALFUNCTION -
SHUTDOWN 

150 05 9 1979 2157 3.9 9 2 TREATMENT SYSTEM SEE 1550 
MALFUNCTION -
SHUTDOWN 

150 05 10 1979 1325 4.4 3 2 TREATMENT SYSTEM CAUSTIC AREA 
MALFUNCTION -
SHUTDOWN 

150 05 12 1979 1915 10.9 45 ~ INSTRUMENT ERROR 
150 05 17 1979 0940 9.1 4 3 INSTRUMENT ERROR 
150 05 17 1979 1152 9.2 20 3 tNSTRUMENT ERROR 
150 OS 19 1979 0850 9.1 4 1 PROCESS UPSET BOIL OUT 

(EVAPORATORS) 
150 OS 19 1979 1130 9.1 15 2 TREATMENT SYSTEM SYSTEM OVERLOAD 

MALFUNCTION -
SHUTDOWN 

150 05 25 1979 0850 10.5 9 1 PROCESS UPSET 
5 OPERATOR ERROR 

150 05 28 1979 1057 9.1 1 1 PROCESS UPSET 
150 05 30 1979 0850 10.8 t~ 1 PROCESS UPSET EVAPORATORS 
150 05 31 1979 0215 "1.0 16 1 PROCESS UPSET HCL AREA 
150 05 31 1979 0630 9.2 4 10 SPILLS OR LEAKS LEAK IN STEAM 

CHEST 
150 05 31 1979 0718 9.2 7 10 SPILLS.OR LEAKS SEE Ol'i30 
150 05 31 1979 0755 9.4 15 10 SPILLS OR LEAKS SEE 0~30 
150 06 2 1979 0949 10.3 10 1 PROCESS UPSET PROCESS UPSET, 

THAT WAS 
COMPLICATED BY A 
PULLED RELAY 
SWITCH TO 
TREATMENT SYSTEM 

5 OPERATOR ERROR 
150 06 2 1979 1653 10.6 47 1 PROCESS UPSET SEE 0949 

5 OPERATOR ERROR 
150 06 4 1979 0424 2.7 57 1 PROCESS UPSET HCL PLANT 
150 06 4 1979 0900 '3. 3 15~ 1 PROCESS UPSET HCL PLANT 
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150 \)I; I; 19'79 1253 10.2 8 1 PROCESS UPSET CAUSTIC PLANT 
(EVAPORATORS) 

150 06 7 1979 0124 3.9 12 10 SPILLS OR LEAKS ACID TANK LEAK 
150 06 13 1979 1420 9.1 8 2 TREATMENT SYSTEM 

MALFUNCTION -
SHUTDOWN 

150 06 15 1979 0710 9.2 12 1 PROCESS UPSET EVAPORATOR BOIL 
OUT 

150 on 15 1979 0830 S.fi 2 2 TREATMENT SYSTEM SEE 0818 
Mi'LFUNC'j:'ION -
SHUTDOWN 

150 06 15 1979 08~8 4.0 58 2 TREATMENT SYSTEM TREATMENT SYSTEM 
MALFUNCTION - WAS MOVED DUE TO 
SHUTDOWN PLANT 

CONSTRUCTION. 
150 \)I; 15 1979 1027 4.1 35 2 TREATMENT SYSTEM SEE 0838 

MALFUNCTION -
SHUTDOWN 

150 Of> 15 1979 11.55 9.2 3 11 RAINWATEROVERFLOW 
150 06 18 1~79 0945 3.5 10 2 TREATMENT SYSTEM RESTARTING THE 

MALFUNCTION - TREATMENT SYSTEM 
SHUTDOWN ACCOUNTED FOR 

EXCURSTONS THROUGH 
1425 

150 06 18 1979 1015 2.7 22 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

150 o.; 18 1979 1047 4.7 2 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

150 06 18 1979 1320 3.3 10 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

150 06 18 1979 1425 5.2 3 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

150 06 18 1979 1915 3.1; 12 8 UNKNOWN POSSIBLE 
INSTRUMENT ERROR 

150 06 18 1979 2045 3.5 210 8 UNKNOWN SEE 1915 
150 06 19 1979 0727 4.9 1 8 UNKNOWN SEE 6-18-79 1915 
150 06 19 1979 1100 3.4 15 8 UNKNOWN SEE fi-18-79 1915 
150 06 19 1979 1830 3.5 40 8 UNKNOWN SEE t;-18-79 1915 
150 06 20 1979 0915 9.1 11 2 TREATMENT SYSTEM EQUIPMENT 

MALFUNCTION - MALFUNCTION 
SHUTDOWN 

150 06 20 1979 1318 9.1 1 2 TREATMENT SYSTEM SEE 0915 
MALFUNCTION -
SHUTDOWN 

150 06 21 1979 1112 9.1 1 2 TREATMENT SYSTEM TREATMENT SYSTEM 
MALFUNCTION - OVERLOAD, 
SHUTDOWN RETENTION TANK 

FULL 
150 06 21 1979 1545 9.1 4 2 TREATMENT SYSTEM SEE 1112 

MALFUNCTION -
SHUTDOWN 

150 06 26 1979 1240 9.1 3 8 UNKNOWN 

A-28 



PLANT MO. DAY YEAR TIME. PH ••• MIN •• CODE REASON •••••••••••• EXPLANATTON ••••••• 

491 06 28 1978 Ofi40 4.1; 15 3 INSTRUMENT ERROR 
491 0~ 28 1978 1735 9.8 45 7 OTHER SAMPLE PUMP 

MALFUNCTION 
491 Of; 29 1978 0700 5.fi 45 ~ INSTRUMENT ERROR CELL MALFUNCTION 
491 07 5 1978 1850 l.O 60 10 SPILLS OR LEAKS COOLER LEAK 
491 07 5 1978 1950 10.0 no 10 SPILLS OR LEAKS STARTING AT 1850 2 

HRS. OF EXCURSIONS 
RESULTED FROM 
COOLER LEAK 
RANGING FROM~ TO 
lOr THEREFORE TIME 
WAS DIVIDED 
EQUALLY BETWEEN 
THE '1'\'10 PEAKS. 

491 07 10 1978 2200 5.2 60 3 INSTRUMENT ERROR 
491 07 15 1978 2030 10.0 30 ~ INSTRUMENT ERROR NOTE: UlSTRUMENT 

MALFUNCTION FOR 
APPROXIMATELY ONE 
AND A HALF DAYS 
DUE TO A DIRTY 
CELL. INSTRUMENT 
WAS REPAIRED 
7-17-78 ABOUT 9:00 
AM. 

491 07 15 1978 2325 10.0 15 3 INSTRUMENT ERROR 
491 07 1fi 1978 0215 10.0 10 3 INSTRUMENT ERROR 
491 07 16 1978 0250 10.0 5 3 INSTRUMENT ERROR 
491 07 16 1978 0645 4.9 23 ~ INSTRUMENT ERROR AGAIN MANY 

FLUCTUATJONS IN A 
SHORT TIME RANGING 
FROM 4.9 TO 10; 
THEREFORE TJ~E IS 
DIVIDED BETWEEN 
PEAKS. 

491 07 H 1978 0708 10.0 22 3 INSTRUMENT ERROR SEE 0645 SAME DATE 
491 07 20 1978 0930 1.8 10 7 OTHER PUMP TO MONITOR 

BROKE NOT ALLOWING 
ANY ACTUAL READING 

491 07 20 1978 1fi45 0.5 45 10 SPILLS OR LEAKS COOLER LEAK 
491 07 22 1978 1930 10.0 10 ~ INSTRUMENT ERROR 
491 08 4 1978 2325 5.7 5 8 UNKNOWN POSSIBLY DIRTY 

CELL 
491 08 4 1978 2345 5.7 5 4 INSTRUMENT 

CALIBRATION 
491 08 8 1978 0720 10.0 5 7 OTHER NO WATER TO PROBE 
491 08 25 1978 0230 to.o 30 3 INSTRUMENT ERROR 
491 09 4 1978 1550 5.4 15 4 INSTRUMENT CHECKING ALARM 

CALIBRATION 
491 09 14 1978 0720 5.9 2 8 UNKNOWN 
491 09 18 1978 0700 5.9 2 4 INSTRUMENT 

CAt.JBRATION 
491 09 21 1978 1330 5.9 2 3 INSTRUMENT ERROR 
491 09 21 1978 1630 5.5 2 3 INSTRUMENT ERROR 
491 09 21 1978 18'30 5.4 2 3 INSTRUMENT ERROR 
491 09 22 1978 2330 4.5 10 4 INSTRUMENT CLEANING CELL 

CALIBRATION 
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491 09 24 1978 1945 10.0 2 4 INSTRUMENT CALIBRATION 
CALIBRATION 

. 491 09 25 1978 1950 4.4 2 ":! INSTRUMENT ERROR 
491 09 25 1978 2000 4.8 2 ":! INSTRUMENT ERROR 
491 09 25 1978 2015 2.5 2 3 INSTRUMENT ERROR 
491 09 25 1978 2020 5.5 2 3 INSTRUMENT ERROR 
491 09 25 1978 2120 5.~ 10 3 INSTRUMENT ERROR 
491 09 28 197R 0710 5.4 2 4 INSTRUMENT 

CALIBRATION 
491 09 28 1978 0730 5.0 2 4 INSTRUMENT 

CALIBRATION 
491 09 28 1978 0950 4.1 2 1 INSTRUMENT ERROR 
491 09 29 1978 0910 5.0 2 7 OTHER SAMPLE BEING TAKEN 
491 10 2 1978 0745 0.1 2 ~ INSTRUMENT ERROR 
491 10 2 1978 0750 3.~ 2 3 INSTRUMENT ERROR 
491 10 2 1978 1610 4.3 2 3 INSTRUMENT ERROR 
491 10 3 1978 0900 0.1 2 7 OTHER SAMPLES BE!NG 

TAKEN 
491 10 3 1978 0910 1.4 2 7 OTHER SAMPLES 
491 10 3 1978 1500 3.4 2 7 OTHER SAMPLES BEING 

TAKEN 
491 10 3 1978 2.l 00 3.6 2 7 OTHER SAMPLES 
491 10 3 1978 2200 5.5 2 ":! INSTRUMENT ERROR 
491 10 4 19""8 0020 4.9 2 4 INSTRUMENT CLEANING CELL 

CALIBRATION 
491 10 4 1978 0025 5.3 2 4 INSTRUMENT 

CALIBRATION 
491 10 4 1978 0330 9.2 4 4 INSTRUMENT 

CALIBRATION 
491 10 4 1978 0415 9.1 2 3 INSTRUMENT ERROR 
491 10 4 1978 0420 5.9 2 3 INSTRUMENT ERROR 
491 10 4 1978 0630 5.5 2 3 INSTRUMENT ERROR 
491 10 4 1978 0730 2.7 2 3 INSTRUMENT ERROR 
491 10 7 1978 1945 1.0 5 3 INSTRUMENT ERROR 
491 10 7 1978 1950 3.0 5 3 INSTRUMENT ERROR 
491 10 7 1978 2045 4.8 ?.0 3 INSTRUMENT ERROR 
491 10 7 1978 2200 3.7 20 1 INSTRUMENT ERROR 
491 10 7 1978 2230 2.4 10 3 INSTRUMENT ERROR 
491 10 7 1978 2245 4.5 2 3 INSTRUMENT ERROR 
491 10 7 1978 2300 2.0 2 1 INSTRUMENT ERROR 
491 10 7 1978 2310 4.3 2 3 INSTRUMENT ERROR 
491 10 8 1978 0100 5.0 18 3 INSTRUMENT ERROR NOTE: BETWEEN lAM 

AND 7AM NUMEROUS 
SHIFTS ACROSS PH 
RANGE OCCURRED7 
THEREFORE TOTAL 
TIMES AT APPROX. 
PHS WERE RECORDED. 

491 10 8 1978 0100 4.8 4 3 INSTRUMENT ERROR 
491 10 8 1978 0100 4.4 2 3 INSTRUMENT ERROR 
491 10 8 1978 0100 4.2 4 ~ INSTRUMENT ERROR 
491 10 8 1978 0100 3.4 ? 3 INSTRUMENT ERROR 
491 10 8 1978 0100 5.5 80 3 INSTRUMENT ERROR 
':491 10 10 1978 0845 1.0 20 3 INSTRUMENT ERROR 
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491 10 10 1978 0910 5.4 20 3 INSTRUMENT ERROR 
491 10 10 1978 2320 4.3 2 3 INSTRUMENT ERROR 
491 10 11 197 8 1100 4.8 10 10 SPILLS OR LEAKS ACID LEAK 
491 10 11 1978 1110 10.0 20 2 TREATMENT SYSTEM OVERCORRECTION 

MALFUNCTION -
SHUTDOWN 

491 10 18 1978 0115 4.4 4 7 OTHER NO WATER TO PROBE 
491 10 18 1978 0350 5.5 5 7 OTHER SEE 0115 SAME DATE 
491 10 18 1978 0445 o.o .45 7 OTHER SEE 0115 SAME DATE 
491 10 26 1978 1215 5.0 5 ' INSTRUMENT ERROR 
491 11 14 1978 2340 4.3 20 7 OTHER SAMPLING 
491 12 1 1978 1945 3.2 2 3 INSTRUMENT ERROR 
491 12 2 197R 0515 5.1 2 3 INSTRUMENT ERROR 
491 12 5 1978 0940 5.6 180 2 TREATMENT SYSTEM PUMPING PITS 

MALFUNCTION -
SHUTDOWN 

491 12 5 1978 1250 4.9 2 4 INSTRUMENT CLEANING 
CALIBRATION INSTRUMENT 

491 12 5 1978 1310 3.9 2 4 INSTRUMENT 
CALIBRATTON 

491 12 5 1978 1312 9.6 2 4 INSTRUMENT 
CALIBRATION 

491 12 6 1978 0945 5.0 2 4 INSTRUMENT CLEANING PH PUMP 
CALIBRATION 

491 12 I; 1978 0950 5.0 2 4 INSTRUMENT 
CALIBRATION 

491 12 9 1978 0800 1.0 960 7 OTHER NO FLOW OVER PUMPS 
DUE TO MUDDY RIVER 
WATER ACCOUNTED 
FOR EXCURSIONS 
THROUGH t2-11 

491 12 10 1978 1120 3.4 fiO 7 OTHER SEE 12-9 
491 12 10 1978 1245 1.0 1200 7 OTHER SEE 12-9 
491 12 11 1978 08:'10 4.3 20 7 OTHER PROBLEMS WITH 

MEASURING CELL DUE 
TO HIGH MUDDY 

, RTVER WATER 
'ACCOUNTED FOR ALL 
EXCURSIONS ON 
12-tl. 

491 12 11 1978 0850 10.0 5 '7 OTHER 'SEE 0830 SAME DATE 
491 12 11 1978 0935 5.5 5 7 OTHER 
491 12 -.1 1978 0945 10.0 7 OTHER 
491 12 11 1978 0950 5.6 5 7 OTHER 
491 12 11 1978 1110 9.1 1 7 OTHER 
491 12 11 1978 1135 4.6 5 7 OTHER 
491 12 11 1978 1142 4.7 5 7 OTHER 
491 12 11 1978 1200 4.8 10 7 OTHER 
491 12 11 1978 1215 5.6 5 7 OTHER 
491 12 11 1978 1230 5.9 5 . 7 OTHER 
491 12 11 1978 1250 9.7 30 7 OTHER 
491 12 11 1978 1340 4.6 5 7 OTHER 
491 12 11 1978 1420 4.6 10 7 OTHER 
491 12 11 1978 2031 3.6 1 7 OTHER 
491 12 11 1978 2033 0.3 3 7 OTHER 
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491 12 11 197 8 2040 2.8 5 ., OTHER 
491 12 11 1978 2047 4.0 5 "7 OTHER SEE OA30 SAME DATE 
491 01 13 19"79 1500 2.4 10 4 INSTRUMENT TNSTRUMENT REPAIR 

CALIBRATION 
493. 01 14 1979 1800 5.4 5 4 INSTRUMENT 

CALtB'RATION 
491 01 18 1979 1340 4.n 5 4 INSTRUMENT CLEANING CELL 

CALIBRATION 
491 01 19 1979 1740 0.0 30 7 OTHER WATER NOT BEING 

DELIVERED TO CELL 
491 01 21 1979 0700 3.8 2 4 INSTRUMENT 

CALIBRATION 
491 01 21 1979 1420 4.8 10 2 TREATMENT S":(STEM PUMPING PITS 

MALFUNCTION -
SHUTDOWN 

491 01 21 1979 1450 5.2 20 2 TREATMENT S":(STEM SEE 1420 SAME DATE 
MALFUNCTION -
SHUTDOWN 

491 01 21 1979 2000 9.8 20 2 TREATMENT S":(STEM SEE 1420 
MALFUNCTION -
SHUTDOWN 

491 01 28 1979 0425 3.5 to 10 SPILLS OR LEAKS GASKET LEAK IN 
COOLERS 

491 01 2R 1979 0445 4.8 5 10 SPILLS OR LEAKS SEE 0425 SAME DATE 
491 01 29 1979 1645 5.n 5 2 TREATMENT SYSTEM PUMPING PITS 

MALFUNCTION -
SHUTDOWN 

491 01 29 1979 t 705 5.7 5 2 TREATMENT S":(STEM PUMPING PITS 
MALFUNCTION -
SHUTDOWN 

491 01 29 1979 1710 9.7 5 2 TREAT~ENT SYSTEM SEE H45 
MALFUNCTION -
SHUTDOWN 

491 02 6 19"79 0055 5.4 10 10 SPILLS OR LEAKS ACID VENT OVERFLOW 
491 02 26 1979 0945 1.2 25 10 SPILLS OR LEAKS ACID OVERFLOW 
491 02 26 1979 1050 3.4 40 10 SPILLS OR LEAKS ACID OVERFLOW 
491 02 211 1979 1130 1.2 10 10 SPILLS OR LEAKS ACID OVERFLOW 
491 02 26 1979 1220 1.7 10 10 SPILLS OR LEAKS ACID COOLERS LEAK 
491 02 26 1979 1230 10.0 20 2 TREATMENT SYSTEM OVERNEUTRALIZATION 

y 
MALFUNCTION -
SHUTDOWN 

491 02 26 1979 1345 10.0 30 2 TREATMENT SYSTEM OVERNEUTRALIZATION 
MALFUNCTION -
SHUTDOWN 

491 03 4 1979 0930 2.4 5 "7 OTHER NO FLOW OVER CELL 
491 03 4 1979 0915 9.8 10 7 OTHER SAME AS 09"~0 

491 03 5 1979 0715 5.2 5 7 OTHER SEE 1-4 0930 
491 03 7 1979 0945 5.4 2 4 INSTRUMENT CELL WAS BEING 

CALIBRATION CLEANED 
491 03 7 1979 0947 10.0 2 4 INSTRUMENT SAME AS 0945 

CALIBRATION 
491 03 8 1979 1225 2.0 15 10 SPILLS OR LEAKS OVERFLOW OF DRYING 

ACID PUMP TANK 
491 03 12 1979 1015 5.4 5 4 INSTRUMENT 

CALIBRATION 
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491 03 14 1979 2200 5.7 45 12 RIVER WATER INTAKE 
HAD HIGH PH DUE TO 
MINES IN THE AREA 

491 03 15 1979 1"i05 4.5 10 10 SPILLS OR LEAKS LEAK IN PUMP TANK 
491 3 16 1979 0700 10.0 5 2 TREATMENT SYSTEM RIVER WATER PH WAS 

MALFUNCTION - LESS THAN SIX, 
SHUTDOWN OPERATOR 

OVERTREATED 
491 03 16 1979 1740 5.2 5 4 INSTRUMENT CLEANING PROBE 

CALIBRATION 
491 03 19 1979 1000 10.0 150 3 INSTRUMENT ERROR 
491 03 22 1979 0820 10.0 10 2 TREATMENT SYSTEM OVER-ADDITI(!N OF 

MALFUNCTION - SODA ASH 
SHUTDOWN 

491 03 25 19'79 1715 5.8 2 4 INSTRUMENT 
CALIBRATION 

491 04 6 1979 1700 5.8 5 4 INSTRUMENT CLEANING CELL 
CALIBRATION 

491 04 7 1979 0900 3.4 5 4 INSTRUMENT 
CALIBRATION 

491 04 25 1979 0712 1.6 15 10 SPILLS OR LEAKS A LEAK IN THE 
PROCESS COOLERS 
THROUGH 5:00 PM 
AND ATTEMPTS TO 
CORRECT LOW PH 
FROM THIS LEAK 
ACCOUNTED FOR ALL 
EXCURSIONS ON 4-25 

491 04 25 1979 0730 10.0 35 2 TREATMENT SYSTEM OVERCORRECTION 
MALFUNCTION -
SHUTDOWN 

491 04 25 19'79 0810 2.2 10 10 SPILLS OR LEAKS 
491 04 25 1979 0840 9.6 5 2 TREATMENT SYSTEM OVERCORRECTION 

MALFUNCTION -
SHUTDOWN 

491 04 25 19'79 0850 10.0 15 2 TREATMENT SYSTEM SEE 0840 
MALFUNCTION -
SHUTDOWN 

491 04 25 1979 0905 2.4 30 10 SPILLS OR LEAKS 
491 04 25 1979 0935 10.0 90 2 TREATMENT SYSTEM 

MALFUNCTION -
SHUTDOWN 

491 04 25 1979 1305 9.8 15 2 TREAT~ENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

491 04 25 19'79 1545 3.0 30 10 SPILLS OR LEAKS 
491 OS 1979 NO EXCURSIONS FOR 

THE MONTH OF MAY 
1979 

491 06 14 1979 1000 9.2 30 2 TREATMENT SYSTEM PUMPING PITS 
MALFUNCTION -
SHUTDOWN 

491 07 21 1979 2020 3.5 45 10 S PT LLS OR LEAKS COOLER LEAK 
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S86 08 1978 NO EXCURSIONS FOR 
THE MONTH OF 
AUGUST 1978 

586 09 1978 NO EXCURSIONS FOR 
THE MONTH OF 
SEPTEMBER 1978 

586 10 1978 NO EXCURSIONS FOR 
THE MONTH OF 
OCTOBER 

586 11 1978 NO EXCURSIONS FOR 
THE: MONTH OF 
NOVEMBER 1978 

5811 12 7 1978 1215 4.8 1 3 INSTRUMENT ERROR 
586 12 12 1978 1230 3.7 2 3 INSTRUMENT ERROR 
58fl 01 1979 NO EXCURSIONS FOR 

THE: MONTH OF 
JANUARY 1979 

586 02 14 1979 2150 S."i 1 4 INSTRUMENT 
CALIBRATION 

586 03' 1S 1979 2200 5.7 "i"iO 8 UNKNOWN 
S8'i 03 18 1979 2100 5.9 240 8 UNKNOWN 
586 04 8 1979 11:100 5.9 1230 3 INSTRUMENT ERROR NOTE: MANUAL 

READINGS ON LOG 
SHEETS DID NOT 
SHOW ANY 
EXCURSIONS. 

SSG 04 9 1979 1800 5.6 1320 3 INSTRUMENT ERROR SEE 4-8 
586 OS 24 1979 1400 9.1 100 4 INSTRUMENT 

CALIBRATION 
586 06 19 1979 1345 5.2 1200 4 INSTRUMENT 

CALIBRATION 
58fl 06 22 1979 0645 10.0 10 4 INSTRUMENT REPLACING PEN 

CALIBRATION 
586 06 22 1979 0700 o.o 5 4 INSTRUMENT 

CALIBRATION 
586 06 22 1979 0900 S.6 1440 3 INSTRUMENT ERROR INSTRUMENT WAS IN 

NEED OF SERVICE 
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6"i4 01 3 1979 1045 9.4 1 4 INSTRUMENT 
CALIBRATION 

n64 01 3 1979 1050 4.4 1 10 SPILLS OR LEAKS ACID LEAK IN 
PRODUCTION BEING 
WORKED ON AND ACID 
RUN OVER THE 
MIXING TRAP 

n64 01 4 1979 21~0 4.2 1 4 INSTRUMENT 
CALIBRATION 

664 01 4 1979 2145 4.5 1 4 INSTRUMENT 
CALIBRATION 

664 01 4 1979 2150 4.7 s:j 4 INSTRUMENT 
CALIBRATION 

664 01 4 1979 2230 5.8 1 4 INSTRUMENT 
CALIBRATION 

664 01 8 1979 1135 9.5 5 2 TREATMENT SYSTEM TESTING 
MALFUNCTION - BICARBONATE SYSTEM 
SHUTDOWN 

664 01 10 1979 2250 3.7 1 4 INSTRUMENT 
CALIBRATION 

664 01 11 1979 1050 9.1 1 2 TREATMENT SYSTEM TESTING SYSTEM 
MALFUNCTION -
SHUTDOWN 

664 01 11 1979 1120 9.1 1 2 TREATMENT SYSTEM TESTING SYSTEM 
MALFUNCTION -
SHUTDOWN 

664 01 11 1979 1345 9.n 2 2 TREATMENT SYSTEM TESTING SYSTEM 
MALFUNCTION -
SHUTDOWN 

664 01 12 1979 0910 9.4 5 4 INSTRUMENT TESTING RECORDING 
CALIBRATION PEN 

664 01 15 1979 1245 9.5 1 4 INSTRUMENT 
CALIBRATION 

664 01 19 1979 1830 4.3 2 "' INSTRUMENT ERROR 
664 01 19 1979 1A40 4.0 2 3 INSTRUMENT ERROR 
664 01 19 1979 1900 2.'i 5 3 INSTRUMENT ERROR 
.;64 01 19 1979 1905 1.9 10 3 INSTRUMENT ERROR 
n64 01 19 1979 1935 2.5 3 "' INSTRUMENT ERROR 
6n4 01 19 1979 1945 9.2 1 "' INSTRUMENT ERROR 
664 01 19 1979 1950 13.4 1 3 INSTRUMENT ERROR 
664 01 19 1979 2000 14.0 1 3 INSTRUMENT ERROR 
664 01 19 1979 2045 14.0 25 10 SPILLS OR LEAKS RIVER WATER SCREEN 

TO DRYING TOWER 
COOLER WAS BEING 
FLUSHED OUT OF 
EXISTING ACID, AND 
WATER tiENT TO PVC 
SEWER. BICARBONATE 
WAS ADDED AND 
SEWER FLUSHED 

664 01 19 1979 2110 o.o 5 10 SPILLS OR LEAKS 
664 01 19 1979 2115 12.0 10 10 SPILLS OR LEAKS 
n64 01 19 1979 2125 o.o 35 10 SPILLS OR LEAKS 
n64 01 19 1979 2210 o.o 5 10 SPILLS OR LEAKS 
664 01 19 1979 2215 14.0 1 10 SPILLS OR LEAKS 
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664 01 19 1979 221n o.o 5 10 SPILLS OR LEAKS 
664 01 19 1979 2221 14.0 1 10 SPILLS OR LEAKS 
664 01 19 1979 2222 o.o 5 10 SPILLS OR LEAKS 
M4 01 19 1979 2227 14.0 1 10 SPILLS OR LEAKS 
664 01 19 19'79 2245 o.o 10 10 SPILLS OR LEAKS 
664 01 19 1979 2300 13.0 20 10 SPILLS OR LEAKS 
6"i4 01 19 1979 2320 o.o 5 10 SPILLS OR LEAKS 
61i4 01 19 19'79 2U5 14.0 1.0 10 SPILLS OR LEAKS 
filj4 01 20 19'79 0005 o.o 90 10 SPILLS OR LEAKS 
664 02 5 1979 1640 9.1 2 8 UNKNOWN POSSIBLE 

INSTRUMENT DRIFT 
664 02 27 1979 1225 9.2 1 4 INSTRUMENT INSTALLING AND 

CALIBRATION CALIBRATING PH 
RECORDER 

664 02 27 1979 1235 12.7 1 4 INSTRUMENT INSTALLING AND 
CALIBRATION CALIBRATING PH 

RECORDER 
664 02 27 1979 1240 10.2 2 4 INSTRUMENT INSTALLING AND 

CALIBRATibN CALIBRATING PH 
RECORDER 

664 02 27 19'79 1245 10.1 2 4 INSTRUMENT INSTALLING AND 
CALIBRATION CALIBRATING PH 

RECORDER 
664 03 1 1979 1030 9.5 2 ~ INSTRUMENT ERROR 
664 03 1 1979 1915 9.4 5 3 INSTRUMENT ERROR 
664 03 28 1979 1135 o.o 5 7 OTHER POWER OFF 
664 03 29 1979 1400 4.5 2 4 INSTRUMENT 

CALIBRATION 
664 05 9 1979 1210 4.3 2 10 SPILLS OR LEAKS WASHING OUT TAIL 

TOWER AND FLUSH 
WATER OVERFLOWED 
CURB AND ENTERED 
STORM SEWER(HF 
AREAl 

664 OS 27 1979 1400 10.5 10 10 SPILLS OR LEAKS CAUSTIC SPILL IN 
BLOWER BUILDING 
WHILE CHARGING 
BOILERS AND 1 
QUART ENTERED 
DRAIN 

664 OS 31 1979 2300 9.2 1 4 INSTRUMENT 
CALIBRATION 

664 06 11 1979 0930 o.o 270 :l INSTRUMENT ERROR INSTRUMENT WAS 
DOWN 

fifi4 07 1S 1979 0705 S.1 10 2 TREATMENT SYSTEM BICARBONA'l'E TANK 
MALFUNCTION - WAS EMPTY 
SHUTDOWN THEREFORE 

BICARBONATE WAS 
ADDED BY HAND 

664 07 15 1979 0750 5.2 3 2 TREATMENT SYSTEM BICARBONATE TANK 
MALFUNCTTON - WAS EMPTY 
SHUTDOWN THEREFORE 

BICARBONATE WAS 
ADDED BY HAND 

664 07 15 1979 0800 S.8 1 2 TREATMENT SYSTEM BICARBONATE TANK 
MALFUNCTION - WAS EMP'l'Y J THEREFORE 
SHU'l'DOWN BICARBONATE WAS 

ADDED BY HAND. 
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782 08 D 1978 1500 0.0 1260 7 OTHER PROBE OUT DUE TO 
RAIN 

782 08 21 1978 1100 5.fi 15 11 RAINFALL CAUSED 
A~IDIC NORTH 
SURFACE DRAIN TO 
OVERFLOW 
ACCOUNTING FOR 

ALL EXCURSIONS 
ON 8/21/79 

782 08 21 1978 1500 5.8 25 11 SEE 1100 SAME DATE 
782 08 21 1978 1815 5.5 95 11 SEE 1100 SAME DATE 

782 08 30 1978 1230 10.0 510 1 INSTRUMENT ERROR 
782 09 4 1978 2015 3.1 75 12 WASH DOWN ACID 

VESSELS FLOW INTO 
NORTH SURFACE 
DRAIN 

782 09 10 1978 2050 5.5 10 3 INSTRUMENT ERROR 
782 09 11 1978 0800 2.7 15 11 RAINFALL RUNOFF 
782 09 11 1978 0910 9.2 15 2 TREATMENT SYSTEM OVERCOMPENSATION 

MALFUNCTION - FOR 0800 
SHUTDOWN 

782 09 22 1978 0810 2.3 5 8 UNKNOWN POSSIBLE 
INSTRUMENT ERROR 

782 10 12 1978 1345 9.6 90 2 TREATMENT SYSTEM 
MALFUNCTION 
SHUTDOWN 

782 10 30 1978 1045 10.0 7qo 7 OTHER FLOW TO METER OFF 
782 10 31 1978 1900 5.7 ::15 7 OTHER FLOW TO METER OFF 
782 11 15 1978 0120 3.0 2 1 INSTRUMENT ERROR 
782 12 14 1978 1900 5.9 15 10 SPILLS OR LEAKS PROCESS WATER 

OVERFLOW TO NORTH 
SURFACE SEWER 

11 
782 12 20 1978 1015 2.8 5 8 UNKNOWN EXTREME SWEEPS IN 

PEAKS MAY INDICATE 
POWER SURGE 
(INCLUDES ALL • 
EXCURSIONS ON 
12-20). 

782 12 20 1978 1020 10.0 5 8 UNKNOWN 
782 12 20 1978 1025 1.2 2 8 UNKNOWN 
782 12 20 1978 1040 10.0 2 8 UNKNOWN 
782 01 17 1979 1810 4.7 5 11 RAINFALL OVERFLOW 

INTO NORTH SURFACE 
DRAIN 

782 01 24; 1979 2145 2.3 2 4 INSTRUMENT 
CALIBRATION 

782 01 24; 1979 2150 9.8 15 4 INSTRUMENT 
CALIBRATION 

782 01 26 1979 2225 1.8 5 4 INSTRUMENT 
CALIBRATION 

782 01 27 1979 1510 5.2 130 2 TREATMENT SYSTEM FLOCCULATOR 
MALFUNCTION - CAUSTIC ADDITION 
SHUTDOWN PUMP FAILED 
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782 02 4 1979 2210 1.9 150 10 SPILLS OR LEAKS PROCESS LEAK TO 
SURFACE SEWER 
COMBINED WITH 
HEAVY RAINFALL 
SEWER OVERFLOW 

11 
782 02 5 1979 0830 9.4 40 ::1 INSTRUMENT ERROR 
782 02 5 1979 2350 3.4 15 11 NORTH SURFACE 

DRAIN OVERFLOW TO 
OUTFALL 

782 03 3 1979 0830 5.8 15 8 UNKNOWN 
782 03 16 1979 0630 o.o 990 2 TREATMENT SYSTEM NO FLOW TO 

MALFUNCTION - INSTRUMENT DUE TO 
SHUTDOWN TREATMENT SYSTEM 

SHUTDOWN 
782 03 17 1979 0100 9.9 270 2 TREATMENT SYSTEM 

MALFUNCTION -
SHUTDOWN 

782 03 17 1979 0915 4.8 11i5 2 TREATMENT SYSTEM SURFACE WATER POND 
MALFUNCTION - PH CONTROL NOT 
SHUTDOWN WOR-KING 

782 03 17 1979 1330 9.2 20 2 TREATMENT SYSTEM SAME AS 0915 
MALFUNCTION -
SHUTDOWN 

782 03 19 1979 1545 2.4 120 11 NORTH SURFACE 
DRAIN OVERFLOW TO 
OUTFALL AS A 
RESULT OF 4.5" OF 
RAIN 

782 03 19 1979 1850 3.7 25 11 SEE 1545 SAME DATE 
782 03 20 1979 0245 10.0 80 2 TREATMENT SYSTEM SURFACE POND PH 

MALFUNCTION - CONTROL NOT 
SHUTDOWN WORKING 

782 03 20 1979 1230 o.o 90 4 INSTRUMENT 
CALIBRATION 

782 03 21 1979 1830 5.4 120 10 SPILLS OR LEAKS NORTH SURFACE LINE 
• BEING REPAIRED, 

SIMULTANEOUSLY 
LEAK IN AN ACID 
LINE INTO NSD 
CAUSED EXCURSIONS, 
THIS WAS 
COMPOUNDED BY 
HEAVY RAIN. 

2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

11 
782 03 22 1979 1615 0.1 10 4 INSTRUMENT 

CALIBRATION 
782 03 22 1979 2015 2.8 40 10 SPILLS OR LEAKS SEE 3-21 

2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

11 
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782 03 22 1979 2130 "1.0 30 10 SPILLS OR LEAKS SEE 3-21 
2 TREATMENT SYSTEM 

MALFUNCTION -
SHUTDOWN 

11 
782 03 22 1979 2230 2.7 "7S 10 SPILLS OR LEAKS SEE 3-21 

2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

11 
782 03 23 1979 0020 2.8 110 10 SPILLS OR LEAKS SEE 3-21 

2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

11 
782 04 18 1979 1610 2.4 s 7 OTHER HEAVY RAINS SWEPT 

AWAY PH PROBE. 
782 04 18 1979 1"i1S o.o S40 7 OTHER SEE 1~10 
782 04 20 1979 1600 9.1 70 2 TREATMENT SYSTEM PH ADJUSTMENT 

MALFUNCTION SYSTEM BREAKDOWN 
SHUTDOWN IN SURFACE POND 

DUE TO HEAVY 
RAINFALL OVER PUMP 
MOTOR CAUSING A 
SHORT CIRCUIT 

782 04 20 1979 18SO 10.0 7S 2 TREATMENT SYSTEM SEE 1600 SAME DATE 
MALFUNCTION -
SHUTDOWN 

782 OS 2 1979 O"i20 10.0 125 9 EMERGENCY PLANT SHUTDOWN AS 
OPERATION A RESULT OF A 

PLANT WIDE POWER 
FAILURE THERFORE 
NO PH ADJUSTMENT 
WAS POSSIBLE 

782 OS 8 1979 1830 4.8 7S "7 OTHER 
782 OS 29 1979 1030 9.1 5 8 UNKNOWN 
782 06 2 1979 !S40 3.8 9S 11 NORTH SURFACE 

DRAIN OVERFLOW DUE 
TO RAIN 

782 06 2 1979 173S 10.0 7S '2 TREATMENT SYSTEM OVERCOMPENSATION 
MALFUNCTION - BY OPERATOR 
SHUTDOWN 

782 07 22 1979 1SSO 9.6 ISO 3 INSTRUMENT ERROR 
782 07 2S 1979 131S 9.S 120 7 OTHER RAIN FROM A 

TROPICAL STORM 
782 07 27 1979 0815 S.l 20S 9 EMERGENCY SPILL IN SULFURIC 

OPERATION PLANT NORMALLY 
ADJUSTED IN 
SURFACE POND, 
HOWEVER POND WAS 
OVERFLOWING DUE TO 
15• OF RAIN FROM A 
TROPICAL STORM 

11 
782 07 30 1979 114S 5.4 1S 11 ACID LEFT IN LIME-

STONE BED OVERFLOW 
OF NORTH SURFACE 
DRAIN TO OUTFALL, WAS 
WASHED DOWN BY RAIN. 
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786 10 25 1978 0030 5.7 1800 &; DIVERSION IN POND Gr..TE WAS 
OPERATION BUT PH CLOSED r..T THE 
STILL RECORDING ONSET OF PH 

EXCURSION 
786 11 10 1978 1415 9.2 5 12 POURING CONCRETE 

DURING THE PIPE· 
AND SUMP LAYOUT 

781'; 11 10 1978 1420 9.2 2 12 POURING CONCRETE 
DURING PIPE AND 
SUMP LAYOUT 

781'; 11 23 1978 1930 5.9 &;0 2 TREATMENT SYSTEM EFFLUENT SYSTEM 
MALFUNCTION - WAS SHUT DOWN. 
SHUTDOWN THERE WAS NO 

INDICATION IN THE 
LOG BOOKS OF 
POND BEING BLOCKED 

786 11 23 1978 2050 5.7 210 2 TREATMENT SYSTEM EFFLUENT SYSTEM 
MALFUNCTION - WAS SHUT DOWN. 
SHUTDOWN THERE WAS NO 

INDICATION IN THE 
LOG BOOKS OF POND 
BEING BLOCKED 

786 12 16 1978 0945 5.9 75 9 EMERGENCY POWER FAILURE 
OPERATION 

78fi 12 17 1978 1500 4.2 10 4 INSTRUMENT INSTRUMENT 
CALIBRATION CALIBRATION 

786 12 17 1978 2130 5.8 285 3 INSTRUMENT ERROR INSTRUMENT 
ERROR.NO 
INDICATION OF LOW 
PH OF THE GRAB 
SAMPLES IN THE LOG 

BOOK 
7815 01 5 1979 0420 5.8 280 &; DIVERSION IN BLOCKED POND 

OPERATION BUT PH 
STILL RECORDING 

781; 01 18 1979 0315 5.3 10 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

786 02 6 1979 0100 9.4 15 2 TREATMENT SYSTEM 
MALFUNCTION -
SHUTDOWN 

786 02 lj 1979 0315 9.4 1785 I; DIVERSION IN FLOW STOPPED 
OPERATION BUT PH 
STILL RECORDING 

786 02 8 1979 0930 9.2 180 6 DIVERSION IN FLOW STOPPED 
OPERATION BUT PH 
STILL RECORDING 

786 02 10 1979 1400 10.1 5 4 INSTRUMENT PH PROBE WAS 
CALIBRATION CLEANED 

786 02 15 1979 1230 3.2 5 4 INSTRUMENT CALIBRATION 
CALIBRATION 

781; 02 23 1979 0645 10.1 2 4 INSTRUMENT CALIBRATION 
CALIBRATION 

786 03 5 1979 0315 5.7 90 1 INSTRUME~T ERROR METER ERROR 
781'; 03 10 1979 1200 5.9 l'iO 3 INSTRUMENT ERROR METER ERROR 
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786 04 24 1979 1800 5.3 825 ~ DIVERSION IN GATE 
OPERATION BUT PH CLOSED-OUTFALL WAS 
STILL RECORDING CUT-OFF 

786 04 26 1979 0405 11.2 5 4 INSTRUMENT CALIBRATION 
CALIBRATION 

786 04 2~ 1979 0410 4.8 5 4 INSTRUMENT CALIBRATION 
CALIBRATION 

786 06 7 1979 2345 5.7 450 ~ DIVERSION IN OUTFALL BLOCKED 
OPERATION BUT PH 
STILL RECORDING 

786 06 13 1979 1930 5.7 70 1 INSTRUMENT ERROR INSTRUMENT ERROR 
786 06 23 1979 2015 5.8 20 3 !NSTRUMENT ERROR INSTRUMENT ERROR 
786 07 15 1979 2330 4.9 41i5 6 DIVERSTON IN DISCHARGE GATE WAS 

OPERATION BUT PH CLOSED 
STILL RECORDING 

786 07 17 1979 1fi00 5.6 2 4 INSTRUMENT CLEANED PROBES 
CALIBRATION 
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928 01 11) 1979 1555 9.3 10 I; DIVERSION IN 
OPERATION BUT PH 
STILL RECORDING 

928 01 1n 1979 1605 9.2 5 f) DIVERSION IN 
OPERATION BUT PH 
STILL RECORDING 

928 01 17 1979 1110 10.0 2 4INSTRUMENT 
CALIBRATION 

928 01 17 1979 1120 9.4 2 4 INSTRUMENT 
CALIBRATION 

928 01 17 1979 1122 0.0 1 4 INSTRUMENT 
CALIBRATION 

928 01 17 1979 1140 14.0 1 <1 INSTRUMENT 
CALIBRATION 

928 01 17 1979 1141 o.o 1 4 INSTRUMENT 
CALIBRATION 

928 01 17 1979 1200 14.0 1 4 INSTRUMENT 
CALIBRATION 

928 01 17 1979 1201 o.o 1 4 INSTRUMENT 
CALIBRATION 

928 01 19 1979 1250 14.0 4 4 INSTRUMENT 
CALIBRATION 

928 01 24 1979 0830 11.0 2 4 INSTRUMENT 
CALIBRATION 

928 02 16 1979 1220 10.5 1 4 INSTRUMENT 
CALIBRATION 

928 02 11) 1979 1221 o.o 5 4 INSTRUMENT 
CALIBRATION 

928 02 1n 1979 1315 o.o 1 4 INSTRUMENT 
CALTBRATION 

928 02 20 1979 1300 14.0 4 4 INSTRUMENT 
CALIBRATION 

928 02 20 1979 1320 14.0 1 4 INSTRUMENT 
CALIBRATION 

928 02 21 1979 1310 13.2 2 7 OTHER 
928 02 24 1979 0140 14.0 1 4 INSTRUMENT 

CALIBRATION 
928 02 24 1979 0141 o.o 1 4 INSTRUMENT 

CALIBRATION 
928 02 24 1979 0200 1.8 1 4 INSTRUMENT 

CALIBRATION 
928 02 21; 1979 2120 14.0 2 4 INSTRUMENT 

CALIBRATION 
928 02 26 1979 2122 o.o 2 4 INSTRUMENT 

CALIBRATION 
928 02 26 1979 2315 14.0 5 4 INSTRUMENT 

CALIBRATION 
928 02 26 1979 2320 o.o 5 4 INSTRUMENT 

CALIBRATION 
928 03 1 1979 0940 14.0 10 4 INSTRUMENT 

CAL !BRATtON 
928 03 1 1979 1500 2.8 1 4 INSTRUMENT 

CALIBRATION 
928 03 2 1979 0830 14.0 2 4 INSTRUMENT 

CALIBRATION 
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928 03 2 1979 0832 o.o 2 4 INSTRUMENT 
CALIBRATION 

928 03 2 1979 131S 14.0 s 4 INSTRUMENT 
CALIBRATION 

928 03 2 1979 1320 o.o s 4 INSTRUMENT 
CALIBRATION 

928 03 9 1979 1"120 14.0 1S 4 INSTRUMENT 
CALIBRATION 

928 03 9 1979 1440 14.0 1 4 INSTRUMENT 
CALIBRATION 

928 03 9 1979 14SS 12.S 1 4 INSTRUMENT 
.CALIBRATION 

928 03 10 1979 0930 4.9 14 "i DIVERSION IN NO FLOW 
OPERATION BUT PH 
STILL RECORDING 

928 03 11 1979 041S 4.3 1 4f4'; PH METER WAS 
INCORRECT AND FLOW 
WAS STOPPED 

928 03 11 1979 0440 o.o 2S 4f6 SEE 041S SAME DATE 
928 03 11 1979 0820 13.8 10 4f~ SEE 041S SAME DATE 
928 03 11 1979 0900 S.6 20 4r"i SEE 041S SAME DATE 
928 03 11 1979 1010 0.0 20 4 r~ SEE 041S SAME DATE 
928 03 11 1979 1200 S.6 840 4f~ SEE 041S SAME DATE 
928 03 21 1979 134S 13.0 2 7 OTHER 
928 03 21 1979 201S 4.9 2 4 INSTRUMENT 

CALIBRATION 
928 03 22 1979 141S 3.0 s 6 DIVERSION IN NO FLOW 

OPERATION BUT PH 
STILL RECORDING 

928 03 23 1979 22SO o.o 1S 6 DIVERSION IN NO FLOW 
OPERATION BUT PH 
STILL RECORDING 

928 04 24 1979 0940 o.o 1 4 INSTRUMENT 
CALIBRATION 

928 04 29 1979 0920 4.8 1 4 INSTRUMENT 
CALIBRATION 

928 ·os 1 1979 12SO 12.S 1 4 INSTRUMENT 
CALIBRATION 

928 OS 1 1?79 12S1 o.o 10 4 INSTRUMENT 
CALIBRATION 

928 OS 1 1979 1330 o.s 1 4 INSTRUMENT 
CALIBRATION 

928 OS 4 1979 0920 o.o 1S 4 INSTRUMENT 
CALIBRATION 

928 OS 10 1979 080S S.6 2 4 INSTRUMENT 
CALIBRATION 

928 OS 10 1979 0807 10.2 2 4 INSTRUMENT 
CALIBRATION 

928 OS 17 1979 OS20 13.8 1~0 3 INSTRUMENT ERROR FAULTY PROBE 
928 OS 18 1979 0810 13.8 280 3 INSTRUMENT ERROR 
928 OS 18 1979 12SO o.o 10 4 INSTRUMENT 

CALIBRATION 
928 OS 20 1979 1100 13.1 1 6 DIVERSION IN 

OPERATION BUT PH 
STILL RECORDING 
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928 OS 20 1979 1101 o.o 10 li DIVERSION IN NO FLOW 
OPERATION BUT PH 
STILL RECORDING 

928 OS 20 1979 1111 13.8 2 li DIVERSION IN 
OPERATION BUT PH 
STILL RECORDING 

928 OS 23 1979 0800 o.o 2 4 INSTRUMENT 
CALIBRATION 

928 OS 23 1979 0802 13.S 2 4 INSTRUMENT 
CALIBRATION 

928 06 1 1979 131S o.s 2 4 INSTRUMENT 
CALIBRATION 

928 06 1 1979 1320 2.0 1 4 INSTRUMENT 
CALIBRATION 

928 06 8 1979 084S o.o s 4 INSTRUMENT 
CALIBRATION 

928 on 10 1979 16SO 4.0 2 3 INSTRUMENT ERROR 
928 06 12 1979 0050 o.o 11iS 3 INSTRUMENT ERROR 
928 06 12 1979 13SO o.o s 3 INSTRUMENT ERROR 
928 06 12 1979 142S o.o s ~ INSTRUMENT ERROR 
928 06 12 1979 144S 2.8 s 3 INSTRUMENT ERROR 
928 Oli 13 1979 0410 1.0 240 3 INSTRUMENT ERROR 
928 06 13 1979 104S o.o 240 ~ INSTRUMENT ERROR 
928 06 14 1979 0540 1.8 2 3 INSTRUMENT ERROR 
928 06 14 1979 080S o.o 1 ~ INSTRUMENT ERROR 
928 06 14 1979 0820 o.o 1 3 INSTRUMENT ERROR 
928 06 14 1979 082S o.o 1 3 INSTRUMENT ERROR 
928 06 14 1979 090S o.o 1 3 INSTRUMENT ERROR 
928 06 1S 1979 0840 11.2 1 4 INSTRUMENT 

CALIBRATION 
928 06 1S 1979 08SO 9.2 1 4 INSTRUMENT 

CALIBRATION 
928 Oli 1S 1979 090S l2.S 1 4 INSTRUMENT 

CALIBRATION 
928 on 1S 1979 1320 o.o s 4 INSTRUMENT 

CALIBRATION 
928 Of; 1S 1979 214S 3.7 li7S 6 DIVERS ION IN ----""'l'REA'l'fifENr-SYSTEM ---

OPERATION BUT PH WAS SHUT DOWN AND 
STILL RECORDING FLOW WAS DIVERTED 

928 06 16 1979 114S 3.7 li2S I; DIVERSION IN TREATMENT SYSTEM 
OPERATION BUT PH WAS SHUT DOWN AND 
STILL RECORDING FLOW WAS DIVERTED 

928 06 26 1979 1030 13.0 8 4 INSTRUMENT 
CALIBRATION 

928 06 21i 1979 1100 4.0 1 4 INSTRUMENT 
CALIBRATION 

928 on 26 1979 1130 3.6 1 4 INSTRUMENT 
CALIBRATION 

928 Oli 2n 1979 131S 13.0 2 4 INSTRUMENT 
CALIBRATION 

928 06 26 1979 133S 11.8 1 4 INSTRUMENT 
CALIBRATION 

928 06 26 1979 1410 12.6 1 4 INSTRUMENT 
CALIBRATION 

928 06 29 1979 063S 4.0 10 4 INSTRUMENT 
CALIBI!ATION 
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928 07 3 1979 0545 13.4 1 4 INSTRUMENT 
CALIBRATION 

928 07 3 1979 0546 3.4 1 4 INSTRUMENT 
CALIBRATION 

928 07 3 1979 0605 3.8 l 4 INSTRUMENT 
CALIBRATION 

928 07 3 1979 0'501i 13.2 1 4 INSTRUMENT 
CALIBRATION 

928 07 3 1979 064'7 12.4 1 4 INSTRUMENT 
CALIBRATION 

928 07 3 1979 Oli48 4.0 1 4 INSTRUMENT 
CALIBRATION 

928 07 3 1979 0705 1.6 1 4 INSTRUMENT 
CALIBRATION 

928 07 3 1979 0701i 11.0 1 4 INSTRUMENT 
CALIBRATION 

928 07 3 1979 0750 13.4 10 4 INSTRUMENT . 
CALTBRATION 

928 07 3 19'79 0800 4.0 7 4 INSTRUMENT 
CALIBRATION 

928 07 3 1979 0830 13.4 1 4 INSTRUMENT 
CALIBRATION 

928 07 3 1979 0831 3.0 1 4 INSTRUMENT 
CALIBRATION 

928 07 5 1979 0935 o.o 1 4 INSTRUMENT 
CALIBRATION 

928 07 5 1979 0945 o.o 1 4 NSTRUMENT 
CALIBRATION 

928 07 5 1979 1020 0.9 1 4 INSTRUMENT 
CALIBRATION 

928 07 5 1979 1021 11.0 1 4 INSTRUMENT 
CALIBRATION 

928 07 5 1979 1040 13.8 l 4 INSTRUMENT 
CALIBRATION 

928 07 5 1979 1059 o.o 1 4 INSTRUMENT 
CALIBRATION 

928 07 5 1979 1100 13.5 1 4 INSTRUMENT 
CALIBRATION 

928 07 5 1979 1101 o.o 1 4 INSTRUMENT 
CALIBRATION 

928 07 11 1979 0945 5.1i 75 4 INSTRUMENT 
CALIBRATION 

928 07 11 1979 1105 o.o 1 4 INSTRUMENT 
CALIBRATION 

928 07 11 1979 1310 4.0 20 4 INSTRUMENT 
CALIBRATION 

928 07 13 1979 0635 5.1 10 2 TREATMENT SYSTEM SEE M55 
MALFUNCTION -
SHUTDOWN 

928 07 13 1979 0655 4.6 5 2 TREATMENT SYSTEM DIVERSION VALVE 
MALFUNCTION - DID NOT PROPERLY 
SHUTDOWN CLOSE 

928 07 17 1979 0835 o.o 1 4 INSTRUMENT 
CALIBRATION 
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928 07 17 1979 0855 0.0 1 4 INSTRUMENT 
CALIBRATION 

928 07 18 1979 0940 0.0 1 4 INSTRUMENT 
CALIBRATION 

928 07 18 1979 0950 o.o 1 4 INSTRUMENT 
CALIBRATION 

928 07 18 1979 1320 o.o 1 4 tNSTRUMENT 
CALIBRATION 

928 07 18 1979 1321 13.0 lj 4 INSTRUMENT 
CALIBRATION 

928 07 20 1979 1300 14.0 2 4 INSTRUMENT 
CALIBRATION 

928 07 24 1979 1500 0.0 20 lj DIVERSION IN NO FLOW 
OPERATION BUT PH 
STILL RECORDING 

928 07 24 1979 1750 o.o 2 6 DIVERSION IN 
OPERATION BUT PH 
STILL RECORDING 

928 07 25 1979 0910 o.o 1 4 INSTRUMENT 
CALIBRATION 

928 07 25 1979 0920 11.1; 3 4 INSTRUMENT 
CALIBRATION 

928 07 26 1979 1345 o.o lj 4 INSTRUMENT 
CALIBRATION 

928 07 26 1979 1351 13.0 6 4 INSTRUMENT 
CALIBRATION 

928 07 26 1979 1435 0.9 1 " DIVERSION IN 
OPERATION BUT PH 
STILL RECORDING 

928 07 26 1979 1436 10.5 1 4 INSTRUMENT 
CALIBRATION 

928 07 26 1979 1515 o.o 1 4 INSTRUMENT 
CALIBRATION 

928 07 26 1979 1516 14 1 4 INSTRUMENT 
CALIBRATION 

928 07 26 1979 1545 14 1 4 INSTRUMENT 
CALIBRATION 

928 07 27 1979 1315 o.o 8 4 INSTRUMENT 
CALIBRATION 

928 07 27 1979 1323 10.2 7 4 INSTRUMENT 
CALIBRATION 

928 07 27 1979 1348 o.o 2 4 INSTRUMENT 
CALIBRATION 

928 07 27 1979 1350 13.8 2 4 INSTRUMENT 
CALIBRATION 

928 07 31 1979 0800 o.o 30 4 INSTRUMENT 
CALIBRATION 

928 08 1 1979 1045 0 15 4 INSTRm-1ENT 
CALIBRATION 

928 08 1 1979 2200 5.0 25 6 DIVERSION IN 
OPERATION BUT PH 
STILL RECORDING 

928 08 2 1979 0805 9.3 5 4 INSTRUMENT 
CALIBRATION 

928 08 2 1979 0815 9.3 2 4 INSTRUMENT 
CALIBRATION 
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928 08 2 1979 0835 13.5 3 4 INSTRUMENT 
CALIBRATION 

928 08 2 1979 0840 13.0 1 4 INSTRUMENT 
CALIBRATION 

928 08 2 1979 0841 0.0 10 4 INSTRUMENT 
CALIBRATION 

928 ua 2 1979 1010 13.0 1 4 INSTRUMENT 
CALIBRATION 

928 08 5 1979 u93o 5.5 25 n DIVERSION IN NO DISCHARGE. 
OPERATION BUT PH EFFLUENT PUMPS 
STILL RECORDING WERE SHUT OFF. 

928 08 n 1979 0829 0.5 1 4 INSTRUMENT 
CALIBRATION 

928 1)8 ~ 1979 0830 13.0 15 4 INSTRUMENT 
CALIBRATION 

928 08 6 1979 1005 11.0 1 4 INSTRUMENT 
CALIBRATION 

928 08 7 1979 0845 13.0 25 4 INSTRUMENT 
CALIBRATION 

928 08 7 1979 0940 14.0 2 4 INSTRUMENT 
CALIBRATION 

928 08 7 1979 0942 0.9 1 4 INSTRUMENT 
CALIBRATION 

928 08 8 1979 0845 14.0 5 4 INSTRUMENT 
CALIBRATION 

928 08 8 1979 0925 9.4 1 4 INSTRUMENT 
CALIBRATION 

928 08 9 1979 0850 14.0 3 4 INSTRUMENT 
CALIBRATION 

928 08 9 1979 0914 o.o 1 4 INSTRUMENT 
CALIBRATION 

928 08 9 1979 0940 11.5 5 4 INSTRUMENT 
CALIBRATION 

928 08 10 1979 1310 12.1 5 4 INSTRUMENT 
CALIBRATION 

928 08 10 1979 1340 10.3 1 4 INSTRUMENT 
CALIBRATION 

928 08 14 1979 1240 14.0 5 4 INSTRUMENT 
CALIBRATION 

928 08 14 1979 1250 14.0 2 4 INSTRUMENT 
CALIBRATION 

928 08 15 1979 0832 12.8 4 4 INSTRUMENT 
CALIBRATION 

928 08 15 1979 0836 4.5 1 4 INSTRUMENT 
CALIBRATION 

928 08 15 1979 0855 11.2 1 4 INSTRUMENT 
CALIBRATION 

928 08 In 1979 1205 5.3 1 4 INSTRUMENT 
CALIBRATION 

928 08 16 1979 1206 12.8 15 4 INSTRUMENT 
CALIBRATION 

928 08 lf'i 1979 1230 4.7 1 4 INSTRUMENT 
CALIBRATION 

928 08 16 1979 1231 11.9 1 4 INSTRUMENT 
CALIBRATION 
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928 08 18 1979 0000 5.fi 1800 4 INSTRUMENT NO FLOW THROUGH PH 
CALIBRATION CELL - REPAIRED 

AND CLEANED LINE 
928 08 21 1979 1045 5.4 10 3 INSTRUME~T ERROR PH CELL SUCKED DRY 

BY VACUUM ON LINE 
928 08 21 1979 1245 o.o 2 4 INSTRUMENT 

CALIBRATION 
928 08 21 1979 1247 14.0 2 4 INSTRUMENT 

CALIBRATION 
928 08 21 1979 1325 2.8 2 4 INSTRUMENT 

CALIBRATION 
928 08 22 1979 0805 2.3 1 4 INSTRUMENT 

CALIBRATION 
928 08 22 1979 080fi 14.0 5 4 INSTRUMENT 

CALIBRATION 
928 08 22 1979 1050 13.4 1 3 INSTRUMENT ERROR PH CELL DRY 
928 08 22 1979 1051 5.0 5 3 INSTRUMENT ERROR 
928 08 22 1979 1339 1.0 1 4 INSTRUMENT 

CALIBRATION 
928 08 22 1979 1340 14.0 2 4 INSTRUMENT 

CALIBRATION 
928 08 24 1979 0840 o.o 2 4 INSTRUMENT PH STANDARDIZATION 

CALIBRATION 
928 08 24 1979 0842 14.0 2 4 INSTRUMENT PH STANDARDIZATION 

CALIBRATION 
928 08 24 1979 0910 o.o 5 4 INSTRUMENT PH STANDARDIZATION 

CALIBRATION 
928 08 24 1979 0915 14.0 3 4 INSTRUMENT PH STANDARDIZATION 

CALIBRATION 
928 08 24 1979 1240 4.7 5 3 INSTRUMENT ERROR PH CELL SUCKED DRY 

BY VACUUM ON LINE 
928 08 24 1979 1340 o.o 30 3 INSTRUMENT ERROR PH CELL SUCKED DRY 

BY VACUUM ON LINE 
928 08 27 1979 1505 o.o 40 3 INSTRUMENT ERROR RAIN SHORTING 

WIRES IN CONDUIT 
(PH) 

928 08 27 1979 1625 4.7 15 3 INSTRUMENT ERROR RAIN SHORTING 
WIRES IN CONDUIT 
(PH) 

928 08 28 1979 0850 o.o 5 4 INSTRUMENT 
CALIBRATION 

928 08 31 1979 0830 0.6 1 4 INSTRUMENT 
CALIBRATION 

928 08 31 1979 0840 10.8 8 4 INSTRUMENT 
CALIBRATION 

928 08 31 1979 0920 12.6 1 4 INSTRUMENT 
CALIBRATION 
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