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SECTION I 

CONCLUSIONS 

In revising effluent limitations guidelines, standards of per
formance foi: new sources, and pretreatment standards for the 
steam electric power generating industry, separate consideration 
has been given to heat and to chemical pollutants. In this 
regulation, only nonthermal-related pollutants were considered. 

The analysis of pollutants and the technologies applicable to 
their control were based on specific waste streams of concern. 
These waste streams are prinarily a function of fuels used, 
processes employed, plant site characteristics, and intake water 
quality. The maJor waste streams have been defined as direct or 
indirect products of the treatment system, power cycle systel'1, 
ash handling system, air pollution control system, coal pile, 
yard and tloor drainage, condenser cooling system and nis
cellaneous sources. Virtually all stea~ electric facilities have 
one or more waste streams associated with these systems and 
sources. 

This review of effluent guidelines focused primarily on the 126 
priority pollutants, al though other pollutants were also con
sidered. In general, very few of the organics in the list of 126 
priority pollutants were detected in quantifiable anounts. In
organic priority pollutants, however, are found in most waste 
streams. This review also disclosed that the chlorine (a non
conventional pol lu tan t) l irni tat ions in the existing guidelines 
are not sufticiently stringent. 

Treatment and control technologies currently in use by certain 
segments of the power industry could be applied to a greater num
ber of power plants, reducing the discharge of pollutants. The 
best practicable control technology currently available ( BPTCA) 
is not changed with exception to provisions relating to boiler 
blowdown and allowing concentration-based permit l imitations to 
be established. The best available technology economically 
achievable {BATE A), ne\l source performance standards ( NSPS) and 
pretreatment standards for new (PSNS) and existin0 sources (PSES) 
are changed to reflect updated infornation on control technology, 
waste charaeterization and other factors. 

In su~mary, the final regulations are as follows: 

1. For once through cooling water, EPA is promulgating BAT and 
NSPS based upon a concentration of 0.2 ng/l total residual 
chlorine (TRC), applied at the final discharge point to the 
receiving body of water. Each individudl generating unit is 
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not allowed to discharge chlorine for f'lore than two hours per 
day, unless the discharger del'1onstrates to the permitting 
authority that a longer duration discharge is required for 
raacroinvertebrate control. Simultaneous chlorination of P'lore 
than one generating unit is allowed. 

The above limitation does not apply to plants with a total rated 
generating capacity of less than 25 megawatts. BAT and NSPS are 
equal to BPT for those plants. 

With the exception of a prohibi ti.on on the discharge of PCBs, 
there are no national pretreatment standards applicable to 
once-through cooling water. 

2. For cooling tower blowdown, the Agency is retaining the 
existing BPT requirenents for BAT and NSPS on free available 
chlorine. These linitations are 0.2 mg/l average concentra
tion and 0.5 ng/l daily maximum concentration, with rrnlti-un1t 
chlorination prohibited. The final BAT, NSPS, and pretreatment 
standards also prohibit the discharge in detectable af'lounts of 
124 priority pollutants contained in cooling tower Maintenance 
chemicals, retain the existing limits on chromiuM and zinc 
discharges, and delete the limits on phosphorus. 

3. For fly ash transport water, there are no BAT limits or PSES 
with the exception of a prohibition of PCB discharges. The 
existing BAT limits for conventional pollutants are withdrawn 
because they will be covered by Best Conventional Pollutant 
Control Technology (BCT) lif'litations. Final NSPS and PSNS for 
fly ash transport require no discharge of wastewater pollutants. 
Thi.c:; is based upon dry fly ash handling and disposal. 

4. For bottom ash transport water, there are no BAT limits or 
pretreatment standards, with the exception of a prohibition on 
PCB discharges. NSPS is revised to equal BPT: the existing 
recycle requirenent is withdrawn. The existing BAT limits for 
conventional pollutants are withdrawn because they will be 
covered by BCT. 

5. For low volume wastes, the BAT limits for conventional 
pollutants are withdrawn because they will be covered by BCT. 
All other existing requiref'lents are retained. Boiler blowdown is 
now regulatetl as a low volul'1e waste, and no longer regulated 
separately. 

6. For cher.ucal metal cleaning wastes, the existing BAT and NSPS 
re9ula tions are retained. The ex is ting BAT limits for conven
tional pollutants are withdrawn because they will be covered by 
ilCT. Final PSCS and PS~~S contain a naximum concentration limit 
of 1.0 Mg/l for total copper. 

2 



7. BAT, NSPS, PSI:S, and PSNS for non-chemical Metal cleaning 
wastes, wet air pollution control devices, chemical handling area 
runoff, and ash pile/construe tion area runoff are reserved for 
future rulemaking. 

8. For coal pile runoff, the existing limits are retained, 
except that BAT is withdrawn for conventiona~ pollutants. 

9. BCT is reserved for all wastestreams. 
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SECTION II 

FINAL REGULATIOUS 

All effluent liMitations guidelines, standards of performance for 
new sources and pretreatment standards for the steam electric 
power generating point source category are reprinted from 40 CFR 
Part 423 below. The technologies available to achieve these 
guidelines are presented in table II-1. 

§423.10 Applicability. 

The provisions of this part are applicable to discharges 
resulting from the operation of a generating unit by an estab
lishment prinarily engaged in the generation of electricity for 
distribution and sale which results primarily from a process 
utilizing fossil-type fuel (coal, oil, or gas) or nuclear fuel in 
con]unction with a thermal cycle eMploying the steam-water systen 
as the thernodynamic Medium. 

§423.11 Specialized definitions. 

In addition to the definitions set forth in 40 CFR Part 401, the 
following definitions apply to this part: 

(a) The terrt "total residual chlorine" (or total residual 
oxidants for intake water with bromides) means the value obtained 
using the amperometric method for total residual chlorine 
described in 40 CFR Part 136. 

(b) The ter-:t "low volume waste sources" ;neans, taken 
collectively as if from one source, wastewater from all sources 
except those for which specific limitations are otherwise 
established in this part. Low volume wastes sources include, but 
are not limited to: wastewaters from wet scrubber air pollution 
control systeMs, ion exchange water treatment system, water 
treatment evaporator blowdown, laboratory and saMpling streams, 
boiler blowdown, floor drains, cooling tower basin cleaning 
wastes, and recirculating house service water systems. Sanitary 
and air conditioning wastes are not included. 

(c) The term "chenical metal cleaning waste" n.eans any 
wastewater ~esulting from the cleaning of any metal process 
equipnen t with chemical COPlpounJs, including, but not li1111 ted to, 
boiler tube cleaning. 

(d) The terM "metal cleaning \laste" means any waste\1ater 
resulting from cleaning [with or without chemical cleaning 
compounds] any metal process equipnent including, but not liruted 
to, boiler tube cleaning, boiler fireside cleaning, and air 
preheater cleaning. 
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Wastestreams 

Once-Through 
Cooling Hater 

Cooling Tower 
Blowdown 

Bottom Ash 
Transport 
\'Va ter 

Fly Ash 
Transport 
Hater 

Cher.ncal 
Metal Clean
in,J Hastes 

Non-chemical 
Cleaning 
Wastes 

Low Volume 
Waste 
(includes 
boiler 
blm1dmm) 

Table II-1 

TECHNOLOGIES EVALUATED AS CAPABLE OF ACHIEVIUG LIMITATIONS 

BAT: 
Existing Sources 

Chlorine Minimiza
tion-Dechlorina
ti on 

Standards of 
Performance: 
New Sources 

Chlorine Mini
mization
Dechlorination 

Use of alternative Use of alter
cheraicals native chemi

cals/chemical 
precipitation 

Chern cal 
Precipitation 

Reserved for 
future con
sideration 

Sedimentation 

Dry transport 
and disposal 

Chemical 
Precipitation 

Reserved for 
future con
sideration 

Sedimenr.ation 

Pretreatment 
Standards: 

Existing Sources 

Use of alternative 
chemicals 

Chenical Precipi
tation 

Reserved for 
future con
sideration 

Sedimentation 

Pretreatment 
Standards: 

New Sources 

Use of 
alternative 
chemicals 

Dry trans
port and 
disposal 

Chenical 
Precipita
tion 

Reserved for 
future con
sideration 

Sedimenta
tion 



Wastestreams 

Ash Pile/ 
Construe ti on 
Runoff 

Coal Pile
Runof f 

Discharges 
from Wet Air 
Pollution 
Control 
Devices 

Table II-1 {Continued) 

TECHNOLOGIES EVALUATED AS CAPAI3LE OF ACHIEVING LIMITATIONS 

BAT: 
Existing Sources 

Reserved for 
future considera
tion 

pH adJustment, 
sedimentation 

Reserved for 
future considera
tion 

Standards of 
Performance: 
New Sources 

Reserved for 
future con
sideration 

pH ad]ustment, 
sedimentation 

Re served for 
future con
sideration 

Pretreatment 
Standards: 

Existing Sources 

Reserved for 
future considera
tion 

pH adJustment, 
sedimentation 

Reserved for 
future considera
tion 

Pretreatment 
Standards: 

New Sources 

Reserved for 
future con
sideration 

pH ad)USt
ment, sedi
mentation 

Reserved for 
future con
sideration 



(e) The tern "fly ash" means the ash that is carried out of 
the furnace by the gas streaf'l and collected by mechanical 
precipitators, electrostatic precipitators, and/or fabric 
filters. Economizer ash is included when it is collected with 
fly ash. 

(f) The term "bottom ash" !"leans the ash that drops out of the 
furnace gas stream in the furnace and in the economizer sections. 
Economizer ash is included when it is collected with bottom ash. 

( g) The term "once through cooling water" means water passed 
through the main cooling condensers in one or two passes for the 
purpose of renoving waste heat. 

(h) The terIT\ "recirculated cooling water" means water which is 
passed through the nain condensers for the purpose of renoving 
waste heat, passed through a cooling device for the purpose of 
renoving such heat from the water and then passed again, except 
for blowdown, through the main condenser. 

(i) The terP'l "10 year, 24/hour rainfall event" means a 
rainfall event with a probable recurrence interval of once in ten 
years as defined by the National Weather Service in Technical 
Paper No. 40. "Rainfall Frequency Atlas of the United States," 
May 1961 or equivalent regional rainfall probability information 
developed therefrom. 

( J) The tern "blowdown" means the minimum discharge of 
recirculating water for the purpose of discharging materials 
contained in the water, the further buildup of which would cause 
concentration in araounts exceeding lif'li ts established by best 
engineering practices. 

(k) The term "average concentration" as it relates to chlorine 
discharge means the average of analyses made over a single period 
of chlorine release which does not exceed two hours. 

( 1) The term "free available chlorine" shall mean the value 
obtained using the amperometric titration method for free 
available chlorine described in "Standard Methods for the 
Exaf'lination of Water and 'Wastewater," page 112 (13th edition). 

(m) The tern "coal pile runoff" neans the rainfall runoff from 
or through any coal storage pile. 
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§423.12 Effluent limitations guidelines representing the degree 
of effluent reduction attainable by the application of 

the best practicable control technology currently avail
able ( BPTCA). 

{a) In establishing the linitations set forth in this section, 
EPA took into account all infornation it was able to collect, 
develop and solicit with respect to factors (such as age and size 
of plant, utilization of facilities, raw ~aterials, Manufacturing 
processes, non-water quality environmental impacts, control and 
treatment technology available, energy requireMents and costs) 
which can affect the industry subcategorization and effluent 
levels estabJ J shed. It is,, however, possible that data which 
would affect these liMitations have not been available and, as a 
result, these limitations should be ad Justed for certain plants 
in this industry. An individual discharger or other interested 
person may submit evidence to the Regional Adrunistra tor (or to 
the State, if the State has the authcrity to issue NPDES permits) 
that factors relating to the equipment or facilities involved, 
the process applied, or other such factors related to such 
discharger are fundaMentally different from the factors con
sidered in the establishment of the guidelines. On the basis of 
such evidence or other available information, the Regional 
Administrator (or the State) will make a written finding that 
such factors are or are not fundamentally different for that 
facility compared to those specified in the Development Document. 
If such fundamentally different factors are found to exist, the 
Regional Administrator or the State shall establish for the 
discharger effluent limitations in the NPDES Permit either more 
or less stringent than the limitations established herein, to the 
extent dictated by such fundamentally different factors. Such 
linitations must be approvea by the Adninistrator of the Environ
mental Protection Agency. The Administrator may approve or dis
approve such limitations, specify other limitations, or initiate 
proceedings to revise these regulations. The phrase "other such 
factors" appearing above r:i.ay include significant cost differen
tials. In no event may a discharger's impact on receiving water 
quality be considered as a factor under this paragraph. 

( b) Any existing point source subJect to this subpart 
achieve the following effluent limitations representing 
degree of effluent reduction by the application of the 
practicable control technology currently available (BPTCA): 

must 
the 

best 

( 1) The pH of all discharges, except once through cooling 
water, shall be within the range of 6.0 - 9.0. 

( 2) There shall be no discharge of polychlor ina ted biphenyl 
co~pounds such as those coMmonly used for transfor~er fluid. 

(3) The quantity of pollutants discharged from low volume 
waste source& shall not exceed the quantity determined by 
Multiplying the flow of low volume waste sources times the 
concentration Jisted in the following table: 
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Pollutant or 
Pollutant Property 

TSS 
Oil and Grease 

BPT 

Maximum for 
any one day 

(I'lg/l) 

100.0 
20.0 

Effluent Limitations 
Average of daily 
values for thirty 
consecutive days 
shall not exceed -

30.0 
15.0 

(I'lg/l) 

( 4) The quantity of pollutants discharged in fly ash and 
bottoM ash transport water shall not exceed the quantity 
determined by I'lultiplying the flow of fly ash and bottom ash 
transport water times the concentration listed in the following 
table: 

Pollutant or 
Pollutant Property 

TSS 
Oil and Grease 

BPT 

Maximun for 
any one day 

(I'lg/l) 

100.0 
20.0 

Effluent Limitations 
Average of daily 
values for thirty 
consecutive days 
shall not exceed -

30.0 
15.0 

(I'lg/l) 

(5) The quantity of pollutants dischd.rged in metal cleaning 
wastes shall not exceed the quantity determined by multiplying 
the flow of ~etal cleaning wastes times the concentration listed 
in the following table: 

Pollutant or 
Pollutant Property 

TSS 
Oil and Grease 
Copper, Total 
Iron, Total 

BPT 

Maximum for 
any one day 

(mg/l) 

100.0 
20.0 
1. 0 
1. 0 

10 

Effluent LiI'litations 
Average of daily 
values for thirty 
consecutive days 
shall not exceed -

30.0 
15.0 

1. 0 
1. 0 

(mg/l) 



(6) The quantity of pollutants discharged in once through 
cooling water shall not exceed the quantity deternined by 
multiplying the flow of once through cooling water sources times 
the concentration listed in the following table: 

Pollutant or 
Pollutant Property 

Free available 
chlorine 

BPT Effluent LiJTlitations 
Max imun 

Concentration 
(mg/l) 

o.s 

Average 
Concentration 

(I'1g/l) 

0.2 

(7) The quantity of pollutants discharged in cooling tower 
blowdown shall not exceed the quantity deternined by multiplying 
the flow of cooling tower blowdown sources times the 
concentration listed in the following table: 

Pollutant or 
Pollutant Property 

Free available 
chlorine 

Max H'lUI'l 

Concentration 
(mg/l) 

0.5 

Average 
Concentration 

(mg/l) 

0.2 

(8) Neither free available chlorine nor total residual 
chlorine nay be discharged from any unit for more than two hours 
in any one day and not more than one unit in any plant may 
discharge free available or total residual chlorine at any one 
time unless the utility can denonstrate to the Regional 
Adr:unistra tor or State, if the State has NP DES permit issuing 
authority, that the units in a particular location cannot operate 
at or below this level of chlorination. 

( 9) SubJect to the provisions of paragrapli. (10) of this 
sect ion, the fol lowing ef fluent limitations shal 1 apply to the 
point source Jischarges of coal pile runoff: 

Pollutant or 
Pollutant Property 

TSS 

11 

BPT Effluent Linitations 
Max i,1un 
Concentration 
for any time (mg/l) 

50 



( 10) Any untreated overflow from facilities designed, con
structed, and operated to treat the volune of coal pile runoff 
uhich is associated with a 10 year, 24 hour rainfall event shall 
not be subJect to the linitations in paragraph (9) of this 
section. 

(11) At the permitting authority's discretion, the quantity of 
pollutant allowed to be discharged may be expressed as a con
centration limitation instead of the mass based limitations 
specified in paragraphs (3) through (7) of this section. Concen
tration limitations shall be those concentrations specified in 
this section. 

(12) In the event that waste streams from various sources are 
combined for tredtnent or discharge, the quantity of each 
pollutant or pollutant property controlled in paragraphs (1) 
through (11) of this section attributable to each controlled 
waste source shall not exceed the specified limitations for that 
waste source. 

§423.13 Effluent limitations guidelines representing the degree 
of effluent reduction attainable by the application of 
the best available technology economically achievable 
(BATCA). 

Except as provided in 40 CFR §§125~ 30-. 32, any existing point 
source subJect to this part nust achieve the following effluent 
limitations representing the degree of effluent reduction 
attainable by the application of the best available technology 
econo~ically achievable (BATCA). 

(a) There shall be no discharge of polychlorinated biphenyl 
compounds such as those conmonl1 used for transformer fluid. 

( b) ( 1) For any plant with a total rated electric generating 
capacity of 25 or more megawatts, the quantity of pollutants 
discharged in once through cooling water from each discharge 
point shall not exceed the quantity determined by multiplying the 
flow of once through cooling water fron each discharge point 
t11nes the concentration 11 sted in the following table: 

Pollutant or 
Pollutant Property 

Total residual chlorine 

12 

BPT Effluent Limitations 
r1ax inun 
Concentration 



(2) Total residual chlorine nay not be discharged from any 
single generating unit for More than two hours per day unless the 
dischar::Jer demonstrates to the per:rntting authority that 
discharge for more than two hours is required for 
nacroinvertebrate control. Simultaneous multi-unit chlorination 
is permitted. 

-
(c)(l) For any plant with a total rated generating capacity of 

less than 25 Megawatts, the quantity of pollutants discharged in 
once through cooling water shall not exceed the quantity 
determined by nultiplying the flow of once through cooling water 
sources times the concentration listed in the following table: 

Pollutant ot. 
Pollutant Pt.operty 

Free available 
chlon ne 

BAT Effluent Limitations 
Maximun 

Concentration 
(mg/l) 

0.5 

Average 
Concentration 

(mg/l) 

0.2 

( 2) Neither free available chlorine nor total resu1ual 
chlorine :raay be discharged from any unit for 1aore than two hours 
in any one day and not aore than one unit in any plant may 
discharge free available or total residual chlorine at any one 
time unless the utility can demonstrate to the Regional 
Adrunistrator or State, if the State has NPDES permit issuing 
authority, that the units in a particular location cannot operate 
at or below this level of chlorination. 

(d) (1) 
blowdown 
the flow 
below: 

The quantity of pollutants discharged in cooling tower 
shall not exceed the quantity determined by multiplying 
of cooling tower blowdown times the concentration listed 

Pollutant or 
Pollutant Property 

Free available 
chlorine 

13 

BAT Effluent Limitations 
Maxinum 

Concentration 
(mg/l) 

0.5 

Average 
Concentration 

(mg/l) 

0.2 



Pollutant or 
Pollutant Property 

The 126 priority pollu
tants (Appendix A) 
contained in chemicals 
added for cooling tower 
maintenance, except: 

Chromium, total 
Zinc, total 

Max l.I''\Url for 
any one day 

(mg/l) 

Average of daily 
values for thirty 
consecutive days 
shall not exceed - (mg/l) 

No detectable amount 

0.2 
1. 0 

0.2 
1. 0 

(2) Neither free available chlorine nor total residual 
chlorine may be discharged from any unit for more than two hours 
in any one day and not more than one unit in any plant may 
discharge free available or total residual chlorine at any one 
tuae unless the utility can demonstrate to the Regional 
Adninistrator or Statev if the State has NPDES permit issuing 
authority, that the units in a particular location cannot operate 
at or belo\1 this level of chlorination. 

(3) At the perniting authority's discretion, instead of the 
monitoring specified in 40 CFR 122.ll(b) coPlpliance with the 
11~itations for the 126 priority pollutants in paragraph (d)(l) 
of this section may be determined by engineering calculations 
which demonstrate that the regulated pollutant5 are not 
detectable in the final discharge by the analytical methods in 40 
CFR 136. 

(e) The quantity of pollutants discharge<.] in chemical metal 
cleaning wastes shall not exceed the quantity determined by 
multiplying the flow of chemical metal cleaning wastes times the 
concentration listed in the following table: 

Pol lu tan t or 
Pollutant Propert~ 

Copper, total 
Iron, total 

BAT Effluent Limitations 

Maximurt for 
any one day 

(119/l) 

1. 0 
1. 0 

14 

Average of daily 
values for thirty 
consecutive days 
shall not exceed - (Plg/l) 

1. 0 
1. 0 



( f) [Reserved - Noncherncal Metal Cleaning Wastes]. 

(g) At the permitting authority's discretion, the quantity of 
pollutant allowed to be discharged nay be expressed as a con
centration limitation instead of the mass based limitations 
specified in paragraphs (b) through (e) of tius section. Con
centration l~mitations shall be those concentrations specified in 
this section. 

( h) In the event that waste strea1'ls from various sources are 
combined for treat~ent or discharge, the quantity of each 
pollutant or pollutant property controlled in paragraphs (a) 
through (g) of this section attributable to each controlled waste 
source shall not exceed the specified limitation for that waste 
source. 

§423.14 Effluent limitations guidelines representing the degree 
of effluent reduction attainable by the application of 
the best conventional pollutant control technology 
(BCT). [Reserved.] 

§423.15 Standards of performance for new sources (NSPS). 

Any new source sub]ect to this subpart must achieve the following 
new source performance standards: 

(a) The pH of al 1 discharges, except once through cooling 
water, shall be within the range of 6.0-9.0. 

(b) There shall be no discharge of polychlorinated biphenyl 
compounds such as those commonly used for transformer fluid. 

{c) The quantity of pollutants dischar3ell from low volume 
waste sources shall not exceed the quantity determined by 
multiplying the flow of low volume \laste sources times the 
concentration listed in the following table: 

Pollutant or 
Pollutant Property 

TSS 
Oil and Grease 

NSPS 

Maxi~um for 
any one <lay 

{mg /1) 

100.0 
20.0 

15 

Effluent Limitations 
Average of daily 
values for thirty 
consecutive days 
shall not exceed - (mg/l) 

30.0 
15.0 



Pollutant or 
Pollutant Property 

Total residual chlorine 

NSPS Effluent Limitations 
MaximuM 
Concentration 

(Pl /1) 

0.20 

(2) Total residual chlorine nay not be discharged from any 
single generating unit for more than two hours per day unless the 
discharger demonstrates to the permitting authority that dis
charge for more than two hours is required for macroinvertebrate 
control. Sinultaneous multi-unit chlorination is permitted. 

(i)(l) For any plant with a total rated generating capacity of 
less than 25 Megawatts, the quantity of pollutants discharged in 
once through cooling water shall not exceed the quantity 
deterMined by multiplying the flow of once through cooling water 
sources times the concentration listed in the following table: 

Pollutant or 
Pollutant Property 

Free available 
chlorine 

USPS Effluent 
Maximun 

Concentration 
(mg/l) 

0.5 

Limitations 
Average 

Concentration 
(mg/l) 

0.2 

( 2) Neither free available chlorine nor total residual 
chlorine may be discharged from any unit for more than two hours 
in any one day and not more than one unit in any plant may 
discharge free available or total residual chlorine at any one 
tune unless the utility can demonstrate to the Regional 
Ad1'linistrator or State, if the State has NPDES permit issuing 
authority, that the units in a particular location cannot operate 
at or below this level of chlorination. 

(J)(l) 
blowdown 
the flow 
below: 

The quantity of pollutants discharged in cooling tower 
shall not exceed the quantity determined by multiplying 
of cooling tower blowdown times the concentration listed 
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(d) The quantity of pollutants discharged in chemical metal 
cleaning wastes shall not exceed the quantity determined by 
multiplying the flow of chenical metal cleaning wastes times the 
concentration listed in the following table: 

Pollutant or 
Pollutant Property 

TSS 
Oil and Grease 
Copper, Total 
Iron, Total 

NSPS 

Maxinun for 
any ,one day 

(mg/l) 

100.0 
20.0 
1. 0 
1. 0 

Effluent Linitations 
Average of daily 
values for thirty 
consecutive days 
shall not exceed -

30.0 
15.0 

1. 0 
1. 0 

(e) [Reserved - Non chenical Metal Cleaning Wastes]. 

(mg/l) 

(f) The quantity of pollutants discharged in bottom ash 
transport \later shall not exceed the quantity determined by 
multiplying the flow of the bottom ash transport water times the 
concentration listed in the following table: 

Pollutant or 
Pollutant Property 

TSS 
Oil and Grease 

NSPS 

Maxinun for 
any one day 

(ng/l) 

100.0 
20.0 

Effluent Linitations 
Average of daily 
values for thirty 
consecutive days 
shall not exceed -

30.0 
15.0 

(mg/l) 

(g) There shall be no discharge of 'vastewater pollutants fron 
fly ash transport water. 

( h) ( 1) For any plant with a total ra tea electric genera tin-J 
capacity of 25 or nore megawatts, the quantity of pollutants 
discharged in once through cooling water from each discharge 
point shall not exceed the quantity deter~ined by nultiplying the 
flow of once throu<Jh cooling \later from each discharge point 
times the concentration listed in the following table: 
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Pollutant or 
Pollutant Property 

Free available chlorine 

Pollutant or 
Pollutant Property 

The 126 priority pollu
tants (Appendix A) 
contained in chemicals 
added for cooling tower 
maintenance, except: 

Chromium, total 
Zinc, total 

NSPS Effluent Linitations 
MaximuM 

Concentration 
(mg/l) 

Average 
Concentration 

(mg/l) 

Max imui11 for 
any one day 

(mg/l) 

o.s 

Average of daily 
values for thirty 
consecutive days 

0.2 

shall not exceed - (mg/l) 

No detectable amount 

0.2 
1. 0 

0.2 
1. 0 

(2) Heither free available chlorine nor total residual 
chlorine rnay be discharged from any unit for more than two hours 
in any one day and not Plore than one unit in any plant may 
discharge free available or total residual chlorine at any one 
tiine unless the utility can demonstrate to the Regional 
Administrator or State, if the State has UPDES permit issuing 
authority, that the units in a particular location cannot operate 
at or below this level of chlorination. 

(3) At the permitting authority 1 s discretion, instead of 
the monitoring in 40 CFR 122.ll(b), compliance with the 
limitations for the 126 priority pollutants in paragraph (J)(l) 
of this section nay be determined by engineering calculations 
which demonstrate that the required pollutants are not detectable 
in the final discharge by the analytical methods in 40 CFR 136. 

(k) SubJect to the provisions of §423.15(1), the quantity or 
quality of pollutants or pollutant parameters discharged in coal 
pile runoff shall not exceed the limitations specified below: 

Pollutant or 
Pollutant Property 

TSS 

18 

NSPS Effluent Llli:ntations 

for any tu1e 

Not to exceed 50 mg/l 



(1) Any untreated 
constructed, and opera tea 
results from a 10 year, 
sub]ect to the 11m1tat1ons 

overflow from fac1l1t1es designed, 
to treat the coal pile runoff which 
24 hour rainfall event shall not be 
in 423.lS(k). 

(m) At the permitting authority's discretion, the quantity of 
pollutant allowed to be discharged nay be expressed as a 
concentration 11m1 tat1on instead of the mass based llI'l.l tat1on 
specified in paragraphs (c) through (J) of this section. 
Concentration 11m1ts shall be based on the concentrations 
specified in this section. 

(n) In the event that waste streams fro:ra various sources are 
corab1ned for treat:raent or discharge, the quantity of each 
pollutant or pollutant property controlled in paragraphs (a) 
through (m) of this section attributable to each controlled waste 
source shall not exceed the specified 11m1 tat ion for that waste 
source. 

§423.16 Pretreat1nent standa~ds for existing sources (PSES). 

Except as provided in 40 CFR Parts 403.7 and 403.13, any existing 
source subJect to this subpart which introduces pollutants into a 
publicly owned treatment works must comply with 40 CFR 403 and 
achieve the following pretreatment standards for existing sources 
(PSES) by July 1, 1984: 

(a) There shall be no discharge of polychlor1na ted b1phenyl 
compounds such as those used for transformer fluid. 

(b) The pollutants discharged in chemical metal cleaning 
wastes shall not exceed the concentration listed in the following 
table: 

Pollutant or 
Pollutant Property 

Copper, total 

PSES PretreatI'l.ent Standards 
Max1mun 
for one day 

l. 0 mg/l 

(c) [Reserved - Non chemical ~etal Cleaning Wastes]. 

( d) ( l) The pollutants di schar:Jed in cooling tower blowdown 
shall not exceed the concentration listed in the following table: 
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Pollutant or 
Pollutant Property 

The 126 priority pollu
tants {Appendix A) 
contained in chemicals 
added for cooling tower 
maintenance, except:· 

Chromium, total 
Zinc, total 

PSES Pretreatment Standards 
Maximun for 
any time 

No detectable amount 

0.2 rag/l 
1. O ng/l 

(2) At the permitting authority's discretion, instead of the 
monitoring in 40 CFR 122.ll{b), compliance with the limitations 
for the 126 priority pollutants in paragraph {d){l) of this 
section May be detern1ned by engineering calculations which 
deMonstrate that the regulated pollutants are not detectable in 
the final discharge by the analytical methods in 40 CFR 136. 

§423.17 Pretreatment standards for new sources {PSNS). 

Except as provided in 40 CFR Part 403.7, any new source sub]ect 
to this subpart part which introduces pollutants into a publicly 
owned treatment works nust comply with 40 CFR Part 403 and the 
following pretreatMent standards for new sources {PSNS). 

(a) There shall be no discharge of polychlorinated biphenyl 
compounds such as those used for transformer fluid. 

{b) The pollutants discharged in chemical metal cleaning 
wastes shall not exceed the concentration listed in the following 
table: 

Pollutant or 
Pollutant Property 

Copper, total 

PSNS Preatment Standards 
Maximun 
for one day 

1. 0 mg/l 

( c) [Reserved - !Jon chemical r1etal Cleaning Wastes] • 

{d) (1) The pollutants chschdrged in cooling tower blowdown 
shall not exceed the concentration listeci in the following table: 
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Pollutant or 
Pollutant Property 

The 126 priority pollu
tants (Appendix A) 
contained in chemicals 
added for cooling tower 
maintenance, except: 

Chroruun, total 
Zinc, total 

PSNS Pretreatment Standards 
MaximuM for 
any time 

No detectable anount 

0.2 mg/l 
1.0 mg/l 

( 2) At the permit ting authority's discretion, instead of 
the monitoring in 40 CPR 122.ll(b), compliance with the limi
tations for the 126 priority pollutants in paragraph (d) (1) of 
this section may be determined by engineering calculations which 
demonstrate that the regulated pollutants are not detectable in 
the final discharge by the analytical methods in 40 CPR 136. 

(e) There shall be no discharge of wastewater pollutants from 
fly ash transport water. 

2. 40 CFR Part 125.30(a) is revised to amend the last sentence 
thereof to read as follows: 

§123.30 [Amended]. 

(a) *k* This subpart' applies to all national limitations 
pronulgated under Sections 301 and 304 of the Act, except for the 
BPT limits contained in 40 CPR Part 423.12 ( stearn electric 
generating point source category). 
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126 Priority Pollutants 

001 Acenaphthene 

002 Acrolein 

003 Acrylonitrile 

004 Benzene 

005 Benzidine 

006 Carbon tetrachloride 

(tetrachloromethane) 

007 Chlorobenzene 

008 1,2,4-trichlorobenzene 

009 Hexachlorobenzene 

010 1,2-dichloroethane 

011 1,1,l-trichlorethane 

012 Hexachloroethane 

013 1,1-dichloroethane 

014 1,1,2-trichloroethane 

015 1,1,2,2-tetrachloroethane 

016 Chloroethane 

018 Bis (2-chloroethyl) ether 

019 2-chloroethyl vinyl ether 

(mixed) 

020 2-chloronaphthalene 

021 2,4,6-trichlorophenol 

022 Parachlorometa cresol 

023 Chloroform (trichloro-
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methane) 

024 2-chlorophenol 

025 1,2-dichlorobenzene 

026 1,3-dichlorobenzene 

027 1,4-dichlorobenzene 

028 3,3-dichlorobenzidine 

029 1,1-dichloroethylene 

030 1,2-trans-dichloroethylene 

031 2,4-dichlorophenol 

032 1,2-dichloropropane 

033 1,2-dichloropropylene 

(l,3-dichloropropene) 

034 2,4-dimethylphenol 

035 2,4-dinitrotoluene 

036 2,6-dinitrotoluene 

037 1,2-diphenylhydrazine 

038 Ethyl benzene 

039 Fluoranthene 

040 4-chlorophenyl phenyl ether 

041 4-bromophenyl phenyl ether 

042 Bis(2-chloroisopropyl) ether 
-

043 Bis(2-chloroethoxy) methane 

044 Methylene chloride 

(dichloromethane) 

045 Methyl chloride 

(dichloromethane) 

046 Methyl bromide 
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(bromomethane) 

047 Bromoform (tribromo-

methane) 

048 Dichlorobromomethane 

051 Chlorodibromomethane 

052 Hexachlorobutadiene 

053 Hexachloromyclopenta-

diene 

054 Isophorone 

055 Naphthalene 

056 Nitrobenzene 

057 2-nitrophenol 

058 4-nitrophenol 

059 2,4-dinitrophenol 

060 4,6-dinitro-o-cresol 

061 N-nitrosodimethylamine 

062 N-nitrosodiphenylamine 

063 N-nitrosodi-n-propylamin 

064 Pentachlorophenol 

065 Phenol 

066 Bis(2-ethylhexyl)phthalate 

067 Butyl benzyl phthalate 

068 Di-N-Butyl Phthalate 

069 Di-n-octyl phthalate 

070 Diethyl Phthalate 

071 Dimethyl phthalate 

072 1,2-benzanthracene 
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{benzo(a}anthracene} 

073 Benzo(a)pyrene (3,4-benzo

pyrene) 

074 3,4-Benzofluoranthene 

(benzo(b)fluoranthene) 

075 11,12-benzofluoranthene 

(benzo(b)fluoranthene) 

076 Chrysene 

077 Acenaphthylene 

078 Anthracene 

079 1,12-benzoperylene 

(benzo(ghi)perylene) 

080 :Fluorene 

081 Phenanthrene 

082 1,2,5,6-dibenzanthracene 

(d1benzo(,h)anthracene) 

083 Indeno(l,2,3-cd) pyrene 

(2,3-o-pheynylene pyrene) 

084 Pyrene 

085 Tetrachloroethylene 

086 Toluene 

087 Trichloroethylene 

088 Vinyl chloride (chloroethylene) 

089 A.ldrin 

090 Dieldrin 

091 Chlordane (technical mixture 

and metabolites) 
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092 4,4-DDT 

093 4,4-DDE (p,p-DDX) 

094 4,4-DDD (p,p-TDE) 

095 Alpha-endosulf an 

096 Beta-endosulfan 

097 Endosulf an sulfate 

098 Endrin 

099 Endrin aldehyde 

100 Heptachlor 

l 01 Heptachlor epoxide 

(BBC-hexachlorocyclo-

hexane) 

102 Alpha-BBC 

103 Beta-BBC 

104 Gamma-BBC (lindane) 

105 Delta-BBC (PCB-poly-

chlorinated biphenyls) 

106 PCB-1242 (Arochlor 1242) 

l 07 PCB-1254 (Arochlor 1254) 

108 PCB-1221 (Arochlor l 221 ) 

109 PCB-1232 (Arochlor 1232) 

110 PCB-1248 (Arochlor 1248) 

l l l PCB-1260 (Arochlor 1260) 

112 PCB-1016 (Arochlor 1016) 

113 Toxaphene 

114 Antimony 

l l 5 Arsenic 
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116 Asbestos 

1 1 7 Beryllium 

118 Cadmium 

119 Chromium 

120 Cc1pper 

1 21 Cyanide, Total 

122 Lead 

123 Mercury 

124 Nickel 

125 Selenium 

126 Silver 

127 Thallium 

126 Silver 

128 Zinc 

129 2,3,7,8-tetrachloro-

d1benzo-p-d1ox1n (TCDD) 
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SECTION III 

INTRODUCTION 

BACKGROUND 

The primary effluent guidelines document for the steam electric 
power industry ( 1) was published by the Environmental Protection 
Agency (EPA) in October 1974. This document still serves as the 
fundamental source of information for the industry as to its 
process descriptions, wastewater quantities and compositions, 
treatment and control technologies, and achievable pollutant 
levels for conventional and nonconventional pollutants. A 
suppleMentaJ docuMent ( 2) published by EPA provided infornation 
on pretreatment for wastewater discharged by the stean electric 
industry to ,publicly owned treatment works (POTW). 

Subsequent Lo the publishing of the 1974 document, three events 
which have implications for the effluent limitations guidelines 
for the steam electric power industry have occurred. First, the 
Settlenent AgreeMent on June 7, 1976 between the Natural Re
sources Defense Council (NRDC) and EPA (3) requires that EPA de
velop and promulgate effluent limitations guidelines reflecting 
best availdble technology, economically achievable (BATEA), 
standards of performance for new sources, and pretreatment 
standards for new and existing sources for 21 maJor industries, 
taking into account a list, of 65 classes of toxic pollutants. 
This list has now been modified to 126 specific priority pollut
ants. The original list of 65 classes of pollutants appears in 
table III-1. The present list of 126 priority pollutants is 
presented in table III-2. Second, the U.S.Court of Appeals 
ruling of JuJy 16, 1976 (4) remanded for reconsideration various 
parts of the October 1974 effluent liMitations guidelines for the 
steaM electr1 c industry. Third, the Clean Water Act Amendments 
of 1977 requtre the review and, if appropriate, revision of each 
effluent standard at least every three years. 

PURPOSE 

This supplemental docuMent provides a basis for the revision of 
effluent limitations guidelines for the stean electric power 
industry. It forns the technical basis for the revised steam 
electric power 3enerating effluent li!Tlitations based on the 
BATEA, new source perfornance standards (NSPS) and pretreatMent 
standards in confornance with the June 7, 1976 Consent Decree. 

The steam electric power industry covered in this document is 
classified in Standard Industrial Classification (SIC) Codes 4911 
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Table III-1 

LIST OF SIXTY-FIVE CLASSES OF POLLUTANTS COHTAINED IN 
SETTLEi-IBNT AGREEMENT BETWEEN EPA AND NRDC (3) 

Acenaphthene 
Acrolei.n 
Acrylonitrile 
Aldrin/Dieldrin 
Antimony and compounds* 
Arsenic and compounds 
Asbestos 
Benzene 
Benzi.dine 
Beryllium and compounds 
Cadmium and compounds 
Carbon tetrachloride 
Chlordane (technical ~ixture and metabolites) 
Chlorinated benzenes (other than dichlorobenzenes) 
Chlorinated ethanes (included 1 ,2-dichlorethane, 

1 ,1 ,1-trichlorethane, and hexachloroethane) 
Chloroalkyl ethers (Chloromethyl, chlorethyl, and mixed ethers) 
Chlorinated naphthalene 
Chlorinated Phenols (other than those listed elsewhere, includes 

trichlorophenols and chlorinated cresols) 
Chlorof orrn 
2-chlorophenol 
Chromium and compounds 
Copper and compounds 
Cyanides 
DDT and metabolites 
Dichlorobenzenes (1 ,2-,1 ,3-, and 1 ,4-dichlorobenzenes) 
Dichlorobenzidene 
Di.chloroethylenes (1 ,1-and 1 ,2-dichloroethylene) 
2,4-dichlorophenol 
Dichloropropane and dichloropropene 
2,4-dimethylphenol 
Dinitrotoluene 
Diphenylhdrazine 
Endosulfan and metabolites 
Endrin and metabolites 
Ethylbenzene 
Fluoranthene 
Haloethers (ocher than those lisced elsewhere, includes 

chlorophenylphenyl ethers, ~romoonenylphenyl ether, bis 
(dischloroisooropyl) ether, b::..s-(chloroethoxy) ~echane and 
polychlorinated diphenyly ethers) 
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Table III-1 (Continued) 

LIST OF SIXTY-FIVE CLASSES OF POLLUTANTS CONTAINED IN 
SETTLEMENT AGREEMENT BETWEEN EPA AND NRDC (3) 

Halomethanes (other than those listed elsewhere, includes 
methylene chloride methylchloride, methylbromide, bromoform, 
dichlorobromomethane, trichlororfluoromethane, 
dichlorodifluoromethane) 

Heptachlor and metabolites 
Hexachlorobutadiene 
Hexachlorocyclohexane (all isomers) 
Hexachlorocyclopentadiene 
Isophorone 
Lead and compounds 
Xercury and compounds 
Naphthalene 
Nickel and eompounds 
Nitro benzene 
Nitrophenols (Including 2,4-dinitrophenol, dinitrocresol) 
Nitrosamine5 
Pentachloropnenol 
Phenol 
Phthalate ei:.t.ers 
Polychlorinated biphenyls (PBCs) 
Polynuclear aromatic hydrocarbons (Including benzantnracenes, 

benzopyrenes, benzofluoranthene, chrysense, 
dibenzanthracenes, and indenopyrenes) 

Selenium and compounds 
Silver and compounds 
2,3,7,8,-Tetrachlorodibenzo-p-dioxin (TCDD) 
Tetrachloroethylene 
Thallium and compounds 
Toluene 
Toxaphene 
Trichloroethylene 
Vinyl chloride 
Zinc and compounds 

*As used throughout this table the ter:n "compounds" shall include 
organic and Lnorganic compounds. 
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Table III-2 

LIST OF 126 PRIORITY POLLUTANTS (2) 

Compound Name 

1. *acenaphthene (B)*** 
2. *acrolein (V)*** 
3. *acrylonitrile. (V) 
4. *benzene (V) 
5. *benzidene (B) 
6. *carbon tetrachloride (tetrachloromethane) (V) 

*Chlorinated benzenes (other than dichlorobenzenes) 

7 . 
8. 
9. 

chlorobenzene (V) 
1,2,4-trichlorobenzene 
hexachlorobenzene (B) 

( B) 

*Chlorinated ethanes(including 1,2-dichloroethane, 
l,1,1-trichloroethane and hexachloroethane) 

10. 1,2-dichloroethane (V) 
11. 1,1,1-trichlorethane (V) 
12. hexachlorethane (B) 
13. 1,1-dichloroethane (V) 
14. 1,1,2-trichloroethane (V) 
15. 1,1,2,2-tetrachloroethane (V) 
16. chloroethane (V) 

*Chloroalkyl ethers (chloromethyl, chloroethyl and 
mixed ethers) 

17. bis (2-chloroethyly) ether (B) 
18. 2-chloroethyl vinyl ether (mixed) (V) 

*Chlorinated naphtalene 

19. 2-chloronaphthalene (B) 

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

20. 
21. 
22. 
23. 

2,4,G-trichlorophenol (A)*** 
parachlorometa cresol (A) 
*chloroform (trichloromethane) 
*2-chlorophenol (A) 
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Table III-2 (Continued) 

LIST OF 126·PRIORITY POLLUTANTS (2) 

*Dichlorobenzenes 

24. 1,2-dichlorobenzene (B) 
25. 1,3-<lichlorobenzene (B) 
26. 1,4-dichlorobenzene (B) 

*Dichlorobenzidine 

27. 3,3'-dichlorobenzid~ne {B) 

*Dichloroethylenes (l,1-dichloroethylene and 
1,2-dichloroethylene) 

28. 1,1-dichloroethylene (V) 
29. 1,2-trans-dischloroethylene (V) 
30. *2,4-dichlorophenol (A) 

*Dichloropropane and dichloropropene 

31. 1,2-dLchloropropane (V) 
32. 1,2-dLchloropropylene (l,3-d1chloropropene) (V) 
33. *2,4-dimenthylphenol (A) 

*Dinitrotoluene 

34. 2,4-dLnitrotoluene (B) 
35. 2,6,-dinitrotoluene (B) 
36. *l,2-dLphenylhydrazine (B) 
37. *ethylbenzene (V) 
38. *fluoranthene (B) 

*Haloethers (other than those lJsted elsewhere) 

39. 4-chlorophenyl phenyl ether (B) 
40. 4-broinophnyl phenyl ether (B) 
41. bis ( 2--chloroisopropyl) ether ( B) 
42. bis(2-chloroethoxy) methane (B) 

*Halomethanes (other than those listed elsewhere) 

43. methylene chloride ( dichloromethane) (V) 
44. methyl chloride (chloromethane) (V) 
45. methyl bromide (bromomethane) (V) 
46. bromoform (tribromomethane) (V) 
47. dichlorobromomethane (V) 
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Table III-2 (Continued) 

LIST OF 126 PRIORITY POLLUTANTS (2) 

48. chlorodibromomethane (V) 
49. *hexachlorobutadiene (B) 
50. *hexachlorocyclopentadiene (B) 
51. *isophorone $B) 
52. *naphthalene (B) 
53. *nitrobenzene (B) 

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

54. 
55. 
56. 
57. 

2-nitrophenol (A) 
4-nitrophenol (A) 
*2,4-dinitrophenol 
4,6-dinitro-o-cresol 

*Nitrosamines 

(A) 
(A) 

58. 
59. 
60. 
61. 
62. 

N-nitrosodimethylamine (B) 
N-nitrosodiphenylamine (B) 
N-nitrosodi-n-propylamine (B) 
*pentachlorophenol (A) 
*phenol (A) 

*Phthalate esters 

63. bis(2-3ethylhexyl) phthalate (B) 
64. butyl benzyl phthalate (B) 
65. di-n-butyl phtalate (B) 
66. di-n-octyl phtalate (B) 
67. diethyl phtalate (B) 
68. dimethyl phthalate (B) 

*Polynuclear aromatic hydrocarbons 

69. benzo (a)anthracene (1,2-benzanthracene) (B) 
70. benzo (a)pyrene (3,4-benzopyrene) (B) 
71. 3,4-benzofluoranthene (B) 
72. benzo(k)fluoranthane (11,12-benzofluoranthene) (B) 
73. chrysene (B) 
74. acenaphthylene (B) 
75. anthracene (B) 
76. benzo(ghi)perylene (1,12-benzoperylene) (B) 
77. £luroene (B) 
78. phenathrene (B) 
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Table III-2 (Continued) 

LIST OF 126 PRIORITY POLLUTANTS (2) 

79. dibenzo (a,h)anthracene (l,2,5,6-dibenzanthracene) (B) 
80. indeno (l,2,3-cd)(2,3,-o-phenylenepyrene) (B) 
81. pyrene (B) 
82. *tetrachloroethylene (V) 
83. *toluene (V) 
84. *trichloroethylene (V) 
85. *vinyl chloride (chloroethylene) (V) 

Pesticides and Metabolites 

86. *aldrin (P) 
87. *dieldrin (P) 
88. *chlordane (technical mixture and metabolites) (P) 

*DDT and metabolites 

89. 
90. 
91. 

4,4'-DDrr (P) 
4,4'-DDE(p,p'DDX) 
4,4'-DDD(p,p'TDE) 9 

(P) 
(P) 

*endosulfan and metabolites 

92. a-endosulfan-Alpha (P) 
93. b-endosulfan-Beta (P) 
94. endosulfan sulfate (P) 

*endrin and metabolites 

95. endrin (P) 
96. endrin aldehyde (P) 

*heptachlor and metabolites 

97. heptachlor (P) 
98. heptachlor epoxide (P) 

*hexachlo~ocyclohexane (all isomers) 

99. 
100. 
101. 
102. 

a-BHC-Alpha (P) (B) 
b-BHC-Beta (P) (V) 
r-BHC (lindane)-GaMma 
g-BHC-Delta (P) 

(P) 
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Table III-2 (Continued) 

LIST OF 126 PRIORITY POLLUTANTS (2) 

*polychlorinated biphenyls (PCB's) 

103. 
104. 
105. 
106. 
107. 
108. 
109. 
110. 
111. 
112. 
113. 
114. 
115. 
116. 
117. 
118. 
119. 
120. 
121. 
122. 
123. 
124. 
125. 
126. 

PCB-1242 (Arochlor 1242) (P) 
PCB-1254 (Arochlor 1254) (P) 
PCB-1221 (Aro~hlor 1221) (P) 
PCB-1232 (Arochlor 1232) (P) 
PCB-1248 (Arochlor 1248) (P) 
PCB-1260 (Arochlor 1260) (P) 
PCB-1016 (Arochlor 1016) (P) 
*Toxaphene (P) 
*Antimony (Total) (P) 
*Arsenic (Total) 
*Asbestos (Fibrous) 
*Beryllium (Total) 
*Cadmium (Total) 
*Chromium (Total) 
*Copper (Total) 
*Cyanide (Total) 
*Lead (Total) 
*Mercury (Total) 
*Nickel (Total) 
*Selenium (Total) 
*Sil'V'er (Total) 
*Thallium (Total) 
*Zinc (Total) 
**2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) 

*Specific compounds and chemical classes as listed in the 
consent degree. 

**This compound was specifically listed in the consent degree. 
Because of the extreme toxicity (TCDD), EPA recommends that 
laboratories not acquire analytical standard for the compound. 

***B = analyzed in the base-neutral extraction fraction 
v = analyzed in the volatile organic fraction 
A = analyzed in the acid extraction fraction 
P = pesticide 

36 



and 4931 ( 5). Code 4911 encompasses establishments engaged in 
the generation, transmission, and/or distribution of electric 
energy for sale. Code 4931 encompasses establishments primarily 
engaged in providing electric service in combination with other 
services, with electric services as the naJOr part though less 
than 9 5 percent of the total~· The SIC Manual ( 5) recomnends 
that, when available, the value of receipts or revenues be used 
in assigning industry codes for transportation, conmunica ti on, 
electric, gas, and sanitary services. This study was linited to 
powerplants comprising the steaM electric utility industry and 
did not include steam electric powerplants in industrial, con
mercial or other facilities. Electric generating facilities 
other than steam electric, such as combustion gas turbines, 
diesel engines, etc., are included to the extent that power 
generated by the establishment in question is produced primarily 
through steam electric processes. This report covers effluents 
from both fossil-fueled and nuclear plants, but excludes the 
radiological ,aspects of effluents. 

The Clean Wat.er Act (6) requires EPA to consider several factors 
in developing effluent limitation guidelines and standards of 
perfornance f.or a given industry. These include the total cost 
of applying a technology in relation to the effluent reduction 
benefits rea]Jzed; the age of equipment and facilities; the pro
cesses employed; the engineering aspects of applying various 
types of control techniques; process changes; nonwater quality 
environmental impacts (including energy requiref'lents); and other 
factors. For steam electric powerplants, a forr1al subdivision 
of the induslry on the basis.of the factors mentioned in the Act 
was inapplicable. The two basic aspects of the effluents pro
duced by the industry--cheMical and thermal--involve such 
divergent considerations that a basic distinction between guide
lines for chemical wastes and thermal discharges was determined 
to be most useful in achieving the obJectives of the Act. 
Accordingly, this report covers waste categorization, control and 
treatr:ient technology, and recoMmendations for effluent linita
tions for chemical and other non-thermal aspects of waste 
discharge in accordance with the NRDC settleMent agreement. 

INFORMATION AVAILABILITY, SOURCES AND COLLECTION 

Since the publication of the Burns & Roe document in 1974, EPA 
has collected additional information on the industry profile, its 
waste characteristics, and applicable treatment technologies. In 
addition, the NRDC settler:ient agreement focused attention on the 
need for infor111at1on concerning the presence and toxicity of 
specific priority pollutants in the wastewaters. As a result of 
this attention, there have been various studies on the priority 
pollutants both as to their env1conraental effects and as to their 
occurrence in wastewater from the steam electric power industry. 
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The data base for effluent liru tat ions and standards for the 
steam electric industry was revised on the basis of the following 
information sources: 

1. A profile of the Stear.t Electric Power Generating point 
source category which lists the nar.te of each plant; its location, 
age, and size; its wastewater characteristics; and its pollutant 
control technologies. 

2. Available da.ta fro111 published and unpublished literature; 
de1aonstration pro]ect reports; the steam electric industry; manu
facturers and suppliers of equipment and chemicals used by the 
industry; telephone conversations; various EPA, Federal, state, 
and local agencies; and responses to EPA's 308 letter (1976). 

3. A statistical analysis of available data. 

4. Engineering plant visits. 

S. The sampling and analysis of selected plant waste streams 
for priority pollutants. 

The current effluent guidelines are divided into four subcate
gories: generating units, small units, old units, and area 
runoff. Economic considerations, rather than chemical discharge 
characteristics, were the determining criteria for differenti
ating the first three subcategories. Available information indi
cates that the types of pollutants discharged by powerplants do 
not differ significantly amon13 plants of varying age and size; 
the chemical waste characteristics are similar for similar waste 
sources. Limitations within each subcategory were therefore 
specified for each of the in-plant waste sources. These 
included: (1) cooling water; (2) ash-bearing streans; (3) metal 
cleaning waste; (4) low volune waste; (5) area runoff; and (6) 
wet flue gas cleaning blowdown. 

Section 308 Data Forms 

In order to carry out the Settlement Agreement with NRDC, EPA 
collected additional inforraation on the production processes, raw 
waste loads, treatment methods, and effluent quality associated 
with the stean electric industry. This information was obtained 
v1a a data collection effort pursuant to Section 308 of the Clean 
Water Act { 6). A sample 308 data collection questionnaire is 
provided in Appendix A. Section 308 letters and data collection 
questionnaires were sent to approximately 900 powerplants in the 
United States of which a total of 794 res?onsed. The data in the 
responses were coded and subsequently keypunched onto data cards 
and loaded into a coT'l.puterizecl data base. The aata base was 
instrunental in supporting selection of plants for the sampling 
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visits, as well as a valuable tool in establishing how Many 
plants eMploy what technologies relevant to pollution generation 
or control. 

Data Gathering and Analysis 

Initial historical data gathering consisted of visiting the 10 
EPA regional offices and several state environmental departments, 
contacting other EPA offices and governmental agencies, and con
ducting an extensive literature ~earch. The initial phase of the 
data gatherLng effort occurred during the latter part of 1976 and 
early part of 1977. This was followed by the tabulation of each 
set of data corresponding to an outfall of a particular plant in 
terms of pollutant parameters monitored against the date of 
analysis. This information consisted of the list of the various 
streams being discharged through this particular outfall and the 
control or treatment technology to which these streams are 
subJected. 

Screen SamplLng Program 

A screen sampling prograM was developed to determine the presence 
of the 126 priority pollutants in steam electric power industry 
effluents. EPA selected eight plants for the screen sampling. 
These plants had indicated in their 308 responses that their 
discharge was known to contain one or more of the 129 priority 
pollutants. Selection was also based upon various plant 
variables which could affect plant discharge and effluent 
composition. The eight plants selected for the screen sa!T\pling 
progran were Plants 4222, 2414, 0631, 1720, 3404, 2512, 3805, and 
4836. 

The screen sampling procedures followed the Environmental Protec
tion Agency Screen Sampling Procedure for the MeasureMent of 
Priority Pollutants (7). Grab and continuous composite sanples 
were collected over 24-hour sampling periods. The continuous 
24-hour saMples were collected by automatic sanplers and Main
tained at 4°C, while the grab saMples were naintained at anbient 
temperature levels which did not exceed 4 °C. At the end of the 
24-hour sampling period, samples were preserved according to 
protocol. 

Representatives of both EPA and the electric power industry were 
present during all sampling. Parallel sanpling (two separate 
sanples) and analysis were conducted. Sanples of all \laste 
streams were analyzed by both EPA-contracted laboratories and 
power industry-contracted laboratories. 

':'he EPA-contracted anal.1tical laboratory used analytical proce
dures derived from Standard' Methods for the Examination of Water 
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and Wastewater (14th Edition). Organics were analyzed by first 
extracting the sample into base, neutral, acid, and volatile 
fractions and then analyzing each fraction by gas chromatography 
with a mass spectrometer detector (GC/MS). Cyanide was analyzed 
by steaM distillation followed by the standard colorimetric 
method. Samples were analyzed for heavy metals by atomic 
adsorption spectrophotometry and inductively-coupled argon plasMa 
eMission spectrometry. 

Although the screen•sampling program was intended only to deter
mine the presence or absence of the 129 priority pollutants, the 
methods of analysis did yield numerical concentrations for 
detected compounds. Thus, the screening data provided quantified 
values for detected priority pollutants. 

Verification Sampling Progra~ 

A verification prograM followed screen sampling in order to 
quantify further the pollutant loadings from the power generating 
industry. This sampling prograM was used to verify the results 
of the screen sampling program for both organic and inorganic 
analyses. Verification involved more plants and was a more 
intensive effort compared to the screening study. The sixteen 
plants selected for the verification samplin~ progran were Plants 
2718, 1716, 3414, 48~6, 1742, 1245, 1226, 4251, 3404, 4602, 3920, 
3924, 3001, 1741, 5410, and 2121. 

Representatives of both EPA and the electric power industry were 
present during all the verification sampling. Splits of a single 
collected sample were used; one half of the original sample went 
to the EPA-contracted analytical laboratory and the other half 
went to the power industry-contracted laboratory. 

Two additional plants \1ere added to the verification data base as 
data became available from another contractor using the methods 
and format of the sixteen earlier verification studies. These 
are Plants 5409 and 5604. 

Sampling and preservation procedures were similar to those of the 
screen sampling prograM, except that identical, not parallel, 
saMples were collected for shipPlent to the EPA and power industry 
analytical laboratories. 

In total, samples from eighteen plants were analyzed with several 
different CPA-contracted laboratories anal.tzing so1'1e portion of 
these samples. Analytical procedures incluJed gas chro11atography 
(GC) and gas chromatography-mass spectrometry (GC/MS) for the 
organics, and spark source mass spectro!"letry ( SSMS) and atomic 
absorption (AA) for most of the inorganics. Mercury was analyzed 
by cold-vapor atomic adsorption in one lab. SeleniuPl was 
analyzed by fluorometry and cyanide by a colorimetric procedure. 
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Surveillance and Analysis Sampling Program 

Additional data were provided through several EPA regional 
Surveillance and Analysis (S&A) prograMs conducted by those 
regtons. S&JI~ prograMs involve periodic visits to powerplants by 
EPA sampling teans to collect data to determine if the plants are 
complying with NPDES permits. During some of these visits 
arrangements were made for the sampling of priority pollu
tants. Eight plants are represented in this data base~ they are 
Plants 1002, 1003, 4203, 2608, 2603, 2607, 2750, and 5513. 

The sampling, preservation, and analytical procedures for obtain
ing S&A data were similar to those employed in both the screening 
study and the verification study. Analytical methods included 
gas chroMatography and atomic absorption. 

Waste Characterization Data Base 

After evaluation of all the data froM the three saMpling 
efforts--screening, verification, and S&A saMpling--the Agency 
decided that all three sets of data were useful in establishing 
the presence dnd quantifying the concentration of priority pollu
tants in discharges from steam electric power plants. All three 
sets of data were stored in coMputerized files such that they 
could be analyzed as a single data base representing the sampling 
of 34 plants. 

Engineering VJsits to Steam Electric Plants 

Eight steam electric plants were visited from March to April 1977 
to obtain information on specific plant practices and to develop 
a sampling and analysis program to verify collected data, to fill 
existing gaps,. and to provide additional information. Specific 
information gathered included data on raw waste loads, water use, 
treatment technology, fuel handling systems, and general plant 
descriptions. Additional engineering visits were conducted from 
August through September 1979., These visits were to collect data 
and water samples from plants \11th recycling bottom ash sluice 
systems. Fly ash handling methods also were evaluated during 
these visits. 

INDUSTRY DESCRIPTION 

Steam electric powerplants produce electric power. The industry 
also transnits and distributes electric energy. The industry is 
made up of two basic ownership categories--investor owned and 
publicly owned, with the latter further divided into Federal 
agencies, non·-Federal agencies, and cooperatives. About two
thirds of the 3,400 systems in· the United States perform only the 
distribution function, but many perforn all three functions: 
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production (generally referred to as generation), transmission, 
and distribution. In general, the larger systems are vertically 
integrated, while the smaller systems, largely in the munic1pal 
and cooperative categories, rely on purchases to neet all or part 
of their requirements. Many of the systems are interconnected 
and can, under emergency conditions, obtain power from other 
systems. 

The industry started around 1880 with the construction of 
Edison's steam eleceric plant in New York City. For the next 60 
years, growth was continuous but unspectacular due to the fairly 
limited demand for power; since 1940, however, the annual per 
capita production of electric energy has gro\1n at a rate of about 
6 percent per year and the total energy consumption by about 7 
percent (1). As of spring 1977, there were over 1,000 generating 
systems in the United States. These systems had a combined 
generating capacity of 408,611 megawatts (MW) and produced 
1,968,700,000 Megawatt hours (r1Wh) of energy (8). Table III-3 
shows the number of plants, capacity, and annual generation of 
the total electric utility industry as well as the steam electric 
sector. Non steam electric generation sources include princi
pally hydroelectric, diesel, and combustion gas turbines. 

Further industry inforMation obtained from the 308 data question
naire survey including data on plant size, fuel type, cooling 
type, and age. Four plant size ranges--0-25 megawatts, 26-100 
megawatts, 101-500 Megawatts, and over 500 megawatts--were used 
to represent very small, small, medium, and large plants. This 
conforms to the categorization used in the Federal Energy 
Administration (FEA) powerplant data base (9). Table III-4 shows 
the nuMber of plants and their capacity for each of the four 
plant size categories. Because the 308 questionnaire was a 
sample survey, the information obtained by EPA on the number of 
plants in various size, age, and cooling type categories was used 
to estimate percent distributions which in turn were used to 
estimate number of plants in each size range of the FEA data 
base. 

The addition of new plants will alter the 1977 plant and capacity 
distribution. By 1983, EPA pro]ects that there will be 350 new 
steam electric plants with 180,000 megawatts of capacity. In the 
period 1984-1990, an additional 412 steaM electric plants are 
anticipated with a capacity of 223,100 megawatts. These proJec
tions were der ivecJ from Temple, Barker and Sloane, Inc. (TBS) 
proJections of future capacity requireT'l.ents ( 8). Table III-5 
shows the present and future capacity of the industry. 

The Federal Energy Ad1rnnistration provided information on the 
number and capacity of existing steaf'l electric powerplants by 
size category versus four categories of fuel: coal, oil/gas, 
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Table III-3 

DISTRIBUTION OF THE STEAM SECTION RELATIVE TO THE 
ENTIRE ELECTRIC UTILITY INDUSTRY AS OF 1978* (8, 9) 

Capacity Generation Number 
(gigawatts) (billion kilowatt hours) of Plants 

Total Industry 573.8 2,295 )2,600 

Steam Sector 453.3 1 , 9 51 8Li.2 

Percent of 
Total Industry 
Included in 
Steam Sector 79% 85% (32% 

*The number and capacity of plants in each category is based on 
the 1979 DOE Inventory of Powerulants data base. Plants listed 
in the DOE Inventory as having a nee dependable capacity of 
zero were excluded. 
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Toldl MW in 
Category 

Percenl of 
Totdl MW in 
Cdtegory 

Number of 
Pldnts in 
Category 

Percenl of 
Totcll Planls 
in Cdtegory 

Table III-4 

YEAR-END 1978 DISTRIBUTION OF STEAM ELECTRIC PLANTS 
BY SIZE CATEGORY* (8, 9) 

0-25 MW 26-100 MW 101-200 MW 201-350 MW 351-500 MW 

1 '27 3 9,466 16,777 24' 125 33,282 

0.3% 2.1% 4.0% 5.3% 7.0% 

98 172 115 87 79 

11.6% 20 .4io 13 • 7io 10.3% 9 .4io 

Over 500 MW Total 

368 '342 453,265 

81 • 3io 100. Oio 

291 842 

34.6% 100.0% 

*The number and capacity of plants in each category is based on the 1979 DOE Inventory of 
Powerplants data base. Plant& listed in the DOE InventoE_Y dS having a net dependable 
capacity of ~ero were excluded. 



Table III-5 

PRESENT AND FUTURE CAPACITY OF THE ELECTRIC UTILITY 
INDUSTRY (8, 9) 

(capacity in gigawatts at year end) 

1978 1985 1990 1995 

Generating Capacity 

Total Industry 573.8 

453.3 

750.3 

614.4 

834.9 

695.7 

1003.8 

855.4 Steam Sector 

Source. DOE Jnventort of Powerplants (1979) and proJections 
made by Temp e, Barker and Sloane, Inc. 
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coal/oil/gas, and nuclear (1). The fuel mix of future plants was 
determined from the fuel types of the announced plant additions, 
adJusted to account for sone expected fuel shifts, especially 
from gas to coal or oil ( 8). This information is presented in 
tables III-6 and III-7. A summary of existing and proJected 
total capacity versus fuel type is presented in table III-8. 

Steam electric powerplants discharge waste heat with once-through 
cooling systems, recirculating cooling systems, or a combination 
of both. The type ·of cooling system is important in determining 
the values of a plant's effluent discharge and therefore the cost 
of treating the discharge. Plants with once-through cooling 
water systems dischar3e the cooling water after only one pass 
through the plant. The waste heat is dissipated to a receiving 
body of water. Plants with recirculating cooling water systems 
use cooling tm1ers, either forced draft or natural draft, and 
recirculate the water through the plant. A blowdown stream is 
typically discharged from a recirculating systef'l to control the 
buildup of dissolved solids. The cooling f'lechanisf'l, evaporation, 
results in the discharge of waste heat to the atmosphere and 
evaporation of water concentrates dissolved solids. Of the 
existing plants approxif'lately 65 percent or 694 plants use once 
through cooling and 35 percent or 374 plants use recirculating 
cooling water systef'ls. 

The distribution of plants by age and size category, based on 308 
data, appears in table III-9. Of the 1,068 steam electric plants 
existing in this country, 22 percent have been built since 1971. 
However, 57 percent of the steam plants built since 1971 lie in 
the 500 f'legawatts or larger size range. Plants built since 1971 
represent about 40 percent of existing steam electric capacity. 
Forty-one ( 41) percent of the e.1nsting steam electric plants were 
built before 1960 and are nearly 20 years old. These plants 
represent about 18 percent of the plant capacity (8). 

PROCESS DESCRIPTION 

The "production" of electrical energy always involves the con
version of some other forn of energy. The three nost important 
sources of energy which are converted to electric energy are the 
gr av i ta tional ;_:ioten ti al energy of water, the atof'lic energy of 
nuclear fuels, and the chemical energy of fossil fuels. The use 
of water power involves the transforf'lation of one form of Mecha
nical energy into another prior to conversion to electrical 
energy and can be acco1'1plished at <Jreater than 90 percent of 
theoretical efficiency. Therefore, hydroelectric power genera
t Lon proJuces only a r.unimal af'lount 0f waste heat throu9h con
version inef f ic iencie s. Current uses of fossil fuels, on the 
other hand, are based on a coRbustion process, followed by stean 
generation to convert the heat first into mechanical ener3y and 
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Table III-6 

NUMBER OF EXISTrNG STE:AM-ELECTlUC POWERPLANTS 
MY FUEL TYPE AND SIZE (8, 9) 

(number of pldnts) 

Plant Size Cdtegor1es 
26- 101- 201- 351- More Than 

Fue!___!~ 0-25 MW 100 MW 200 MW 350 MW 500 MW 500 MW Total -- --- ---
Ex is t1ng_(!972.2_ 

Coc1l 35 63 36 38 35 145 352 

Oil/Gas L~8 102 76 48 44 111 42Y 

"'" 
Nuclear 0 2 2 0 0 34 38 

'-I 

Other 15 5 0 23 

Totdl 98 172 1 1 5 87 79 291 842 

Source DOE Inventory of Powerplants (1979). 



Table III-7 

CAPACITY OF EXISTING AND NEW STEAM-ELECTRIC POWERPLANTS BY FUEL TYPE AND SIZE (8, 9) 
1978-1995 

Fuel Type 

Existing (1979) 

Codl 
Oil/Gas 
Nucledr 
Other 

Total 

~ Additions (1978-1985) 

Coal 
Oil/Gas 
Nuclear 

Totdl 

Additions (1986-1995) 

Coal 
011/Gas 
Nuclear 

Total 

0-25 MW 

.46 

.67 
0 

• 14 
1.27 

Total Add1t1ons (1978-1995) 

26-
100 MW 

3.46 
5.69 

• 16 
• 16 

9.47 

Source. DOE Inventory of Powerplants. 

(gigawatts) 

Plant Size Categories 

5.59 
10. 71 

.35 
• 13 

16.78 

10.47 
13.33 

0 
.32 

24. 12 

14. 77 
18.52 

0 
0 

33.29 

192.61 
121.16 

53.31 
1.25 

368.33 

227.37 
170.07 
53.83 
2. 10 

453.37 

79.20 
19.80 
85.40 

184.40 

187.30 
.20 

142. 1 0 
329.60 

• 
514.00 



Table III-8 

EXISTING AND PROJECTED DISTRIBUTION OF STEAM ELECTRIC 
POWERPLANTS BY FUEL TYPE (8, 9) 

(capacity in gigawatts) 

1978a 1985° 199ob 1995b 

Coal Capacity 22"1.4 301 .8 365 .1 473.9 
Number of Plants 352 467 565 734 

Oil/Gas Capacity 170.1 173.5 157.4 100.4 
Number of l?lants 429 438 397 253 

Nuclear Capacity 53.8 139.0 173. 1 281 • 0 
Number of Plants 38 98 122 198 

Sources. 

aooE, Inventory of Powerplants, (1979). 

bElectrica1 World, September 15, 1979, and proJections by 
Temple, Ba~ker, and Sloane, Inc. 
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'!'able I I 1-9 

DISTl.U BU1'ION OF S'fEAM-ELEC'fllIC CAPACl'fY liY PLANT SIZE AND IN-SERVICE YEAR (9) 

Plant Size Category 
Percent 

Pldnt Age of ToLal 
Cdtegory 0-25 26-100 101-200 201-350 351-500 )500 Total Caeacity 

Pre-1960 MW 1 I 154 6,656 12 I 926 17,362 16,749 64,968 119,815 

PercenL of 
Age Cdtegory 5.6 10.8 14.5 14 54 100 26 

1961-1970 MW 344 2' 15 7 4,052 6,570 9,630 112 I 844 135,597 

Percent of 
U1 Age Cdtegory .3 1.6 3.0 4.8 7. 1 83 100 30 
0 

Poi:,t-1970 MW 20 1 , 1 35 1,543 3,942 7,539 184,502 198,681 

Percent of 
Age Cdlegory .01 .6 .8 2 3.8 93 100 44 

Totdl MW 1 '518 9,948 18,521 27,874 33,918 36 2 I 314 454,093 

Percent of 
Age Cdtegory .3 2 4 6 7 80 100 100 

Source DO~ Inventory of Powerplants, 1979. 



then to convert the mechanical energy into electrical energy. 
Nuclear processes in general also depend on the conversion of 
thermal energy (heat) to mechanical energy via a steam cycle (1). 

Hydroelectric Power 

Hydroelectric power uses the energy of falling water to produce 
electric power. Although the facility construction and develop
ment costs are high, the fuel itself is not an operational cost. 
Unfortunately, the availability of hydroelectric power is limited 
to locations where nature has created the opportunity of provid
ing both water and elevation differences to make the energy 
extractable. The total hydroelectric capacity installed at the 
end of 1975 af!lounted to about 5 percent of the total installed 
United States generating capacity. This share of power is pro
Jected to decline to less than 0.1 percent by 1983 (8), prinarily 
because the nuf!lber of sites available for developnent have 
already been developed and the remaining sites are either too 
costly or too far frof!l urban centers (10). 

Another form of hydroelectric power is produced by means of 
pumped storage proJects. The process involves punping water into 
an elevated reservoir during off-peak load hours, and then 
generating electricity at 1 peak load periods by conventional 
hydroelectric means. Although not as efficient as once-through 
hydroelectric power facilities, pumped stora~e proJects are 
favorable for the peak load periods when power denands are very 
high and additional power generation capacity is needed to 
supplement the normal load generators. 

In general, hydroelectric power represents a viable alternative 
to fossil-fueled or nuclear steam cycle generation where geo
graphic, environmental, and economic conditions are favorable 
( 1) • 

Steam Electric Powerplants 

Steam electr: ic powerplants are the production facilities of the 
electric power industry. The process to produce electricity can 
be divided into four stages. In the first operation, fossil fuel 
(coal, oil, or natural gas) is burned in a boiler furnace. The 
evolving heat is used to produce pressurized and superheated 
steam. This steam is conveyed to the second stage--the turbine-
where it gives energy to rota ting blades and, in the process, 
loses pressure and increases in volume. The rotating blades of 
the turbine act to drive an electric generator or alternator to 
convert the imparted rnechanical energy into electrical energy. 
The steam leaving the turbine enters the third stage---che con
denser--where it is condenseJ to water. 'l'he l.tbera tea heat is 
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transferred to a cooling mediura which is normally water. 
Finally, the condensed steam is reintroduced into the boiler by a 
puMp to complete the cycle. 

Historically, powerplants were categorized in accordance with the 
type of fuel they burned. Recently, however, because of the 
energy crisis and other cost factors, powerplants have modified 
their equipment to enable them to use raore than one fuel. Based 
on 308 data, 78 percent of the steam electric power plants have 
the capability of using two or more fossil fuels, which indicates 
that the maJority of all steara electric plants have the capabil
ity to burn more than one type of fossil fuel. 

Figure III-1 shows a simplified flow diagram of a typical coal
fired powerplant. The figure depicts features which are common 
to all powerplants as well as features which are unique to 
coal-fired facilities. Features unique to coal-fired plants 
include coal storage and preparation (transport, benef iciation, 
pulverization, drying), coal-fired boiler, ash handling and dis
posal system, and flue gas cleaning and desulfurization. A brief 
description of these features and their environnental results is 
presented in subsequent sections of this document. EPA antici
pates that future designs will emphasize recovery and reuse of 
resources, in particular recycle of water and use of fly ash as a 
resource. 

Combustion Gas Turbines and Diesel Engines 

Combustion gas turbines and diesel engines are devices for con
verting the chemical energy of fuels in to mechanical energy by 
using the Brayton and Diesel thermal cycles as opposed to the 
Rankine cycle used with steam. In a combustion gas turbine, fuel 
is inJ ected into compressed air in a combustion chamber. The 
fuel ignites, generating heat and combustion gases, and the gas 
r:uxture expands to drive a turbine, which is usually located on 
the same axle as the compressor. Various heat recovery and 
staged compression and combustion schemes are in use to increase 
overall efficiency. Aircraft Jet engines have been used to drive 
turbines which, in turn, are connected to electric genera tors. 
In such units, the entire Jet engine may be removed for mainte
nance and a spare installed with a rainiMun of outage time. 
Combustion gas turbines require little or no cooling water and 
therefore produce no significant effluent. Diesel engines, which 
can be operated at partial or full loads, are capable of being 
s tartecl in a very short time, so they are ideally sui tea for 
peaking use. Many large steam electric plants contain diesel 
generators for ernergency shutdown and startup power ( 1). In 
1975, gas turbine and diesel-powered electric generation plants 
representecl 6. 8 percent of the total United States generating 
capacity. By 1983 the nunber of gas turbine and diesel-powered 
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electric generation plants is proJected to decline to less than 
0.1 percent of the total United States electric generating 
capacity ( 2). 

Nuclear Powerplants 

Nuclear powerplants utilize a cycle similar to that used in 
fossil-fueled powerplants except that the source of heat is 
atomic interactions rather than combustion of fossil fuel. Water 
services as both moderator and coolant as it passes through the 
nuclear reactor core. In a pressurized water reactor, the heated 
water then passes through a separate heat exchanger where steam 
is produced on the secondary side. This steam, which contains no 
radioactive materials, drives the turbines. In a boiling water 
reactor, stean is generated directly in the reactor core and is 
then piped directly to the turbine. This arrangement produces 
some radioactivity in the steam and therefore requires some 
shielding of the turbine and condenser. Long term fuel perfor
nance and thermal efficiencies are similar for the two types of 
nuclear systems (1). 

ALTERNATE PROCESSES UNDER ACTIVE DEVELOPMENT 

Future Nuclear Types 

At the present time al111ost all of the nuclear powerplants in 
opera ti.on in the United States are of the boiling water reactor 
(BWR) or pressurized water reactor (PWR) type. Some technical 
aspects of these types of reactors limit their thermal efficiency 
to about 30 percent. There are potential problems in the area of 
fuel availability if the entire future nuclear capacity is to be 
met with these types of reactors. In order to overcome these 
problems, a nunber of other types of nuclear reactors are in 
various stages of developnent. The obJective of developing these 
reactors is two fold: to improve overall efficiency by being 
able to produce steam under temperature and pressure conditions 
similar to those being achieved in fossil fuel plants and to 
assure an adequate sup?ly of nuclear fuel at a minl.fllum cost. 
Included in this group are the high temperature, gas-cooled 
reactor (HTGR), the seed blanket light water breeder reactor 
(LWJ3R), the liquid-metal fast breeder reactor (LMFBR), and the 
gas-cooled fast breeder reactor (GCFBR). All of these utilize a 
steam cycle as the last stage before generation of electric 
eneryy. Doth the HTGR and the LMFI3R have advanced sufficiently 
to be considered as potentially viable alternate processes. 

The HTGR is a graphite-moderated reactor which uses helium as a 
pri~ary coolant. The helium is heated to about 750 degrees Cen
tigrade (1,400 degrees Fahrenheit) dnd then gives up its heat to 
a steat'l cycle which operates at a 1'1axinum temperature of about 
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550 degrees Centrigrade (1,000 uegrees Fahrenheit). As a result, 
the HTGR can be expected to produce electric energy at an overall 
thermal efficiency of about 40 percent. The thermal effects of 
its discharges should be similar to those of an equivalent capa
city fossil-fueled plant. Its chemical wastes will be provided 
with essentially s irnlar treatment systems which are presently 
being provided for BWR and PWR plants. 

The LMFI3R will have a primary and secondary loop cooled with 
sodium and a tertiary power producing loop utilizing a conven
tional stean syster:i. Present estinates are that the LMFBR will 
operate at an overall thermal efficiency of about 36 percent, 
although higher efficiencies are deemed to be ultinately 
possible. The circulating water thernal discharges of the LMFBR 
will initially be about halfway between those of the best 
fossil-fueled plants and the current generation of nuclear 
plants. Chenical wastes will be similar to those of current 
nuclear plants (1). 

Coal Gasification 

Coal gasification involves the production of fuel gas by the 
reaction of the carbon in the coal with steam and oxygen. The 
processes of this energy technology are divided into two groups 
depending upon the heating value of the product gas. Low Btu 
gasification utilizes air as the oxygen source and produces a CO 
and H2-rich gas with a heating value of 150-450 13tu/scf. High 
Btu gasification utilizes pure oxygen in the gasification process 
and produces a fuel gas of pipeline quality with a heating value 
of approximately 1,000 Btu/scf. The nain difference between high 
and low Btu processing is the inclusion of shift conversion and 
methanation processes in the processing sequence for high Btu 
gasification. 

The Federal Governnent and a nunber of private organizations are 
supporting research and development of coal gasification con
plexes. Estimates indicate ,that low Btu gasification of coal can 
be accomplished for less than twice the current natural gas price 
paid by electric utilities. As natural gas and fuel oil becone 
increasingly short in supply, gasification of coal could well 
turn into a factor in stean electric power generation. 

Combined Cycle Powerplants 

CoJ"lbined cycle power systems combine gas turbine and stean tur
bine cycles to increase thernal efficiencies of power generation. 
The hot exhaust gases from a gas turbine are used to generate 
steam in an unfired boiler. , The stea'll generated is used to drive 
a conventional steam turbine. Combined cycle systems night con
sist of a number of gas turbines exhausted into a single stean 
turbine with its own electric generating capacity. 
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Another combined cycle concept is a pressurized fluidized bed 
system. The concept is to burn coal in a fluidized bed environ
ment of dolomite at 10 atmospheres of pressure. Steam is pro
duced in the conventional Manner of using boiler heat for the 
steam cycle but cleaned combustion gases are also used to produce 
electricity by use of a gas turbine. Waste heat is used to 
economize the cycle through preheating of boiler feed water. 

FUTURE GENERATING SYSTEMS 

Natural Energy Sources 

Geothermal Energy. Geothermal energy is the natural heat con
tained in the crust of the earth. While ubiquitous throughout 
the earth's crust, only in a few geological formations is it suf
ficiently concentrated and near enough to the surface to nake its 
recovery economically vi.able. Geothermal energy involves six 
raaJor resource types of which two are currently capable of being 
utilized for the generation of electricity. Vapor-dominated 
reservoirs, such as those utilized at The Geysers, California, 
obtain steam directly from wells drilled into the geothermal 
reservoirs. The steam is then used to drive a steam turbine. 
Li.quid-dominated reservoirs contain geothermal fluids consisting 
of hot water and steam. The geothermal fluids must first be 
flashed to steam or used to evaporate sone other types of working 
fluid, which is then used to drive a steam turbine. 

The advantage of geothermal power generation is that the energy 
source is essentially free after the initial exploration, drill
ing, and facility costs are paid off. The disadvantages of geo
thermal power generation are that the costs of facility siting 
and construction are high, and geothermal fluids must be cleaned 
prior to use and disposed of by rei.nJection to the subsurface 
geothermal reservoir. 

Solar Energy. The conversion of solar energy to electricity at a 
large scale via a steaM cycle involves the use of a large array 
of reflective focusing collectors which concentrate the solar 
radia ti.on on a heat collector which heats water to steam. The 
steam is used to drive a steam turbine to produce electricity. 
The systems currently in use are developmental, and it is pro
Jected that, in the future, as fossil fuels become increasingly 
short in supply and high in cost, solar systems will be developed 
in areas which are geographically suited to maximum solar collec
tion and conversion. 

Biomass Conversion. This involves the production of photo
synthetic materials (wood, sugar cane, and other similar high Btu 
content crops) for use as a fue 1. The photosynthetic Materials 
can be directly combusted in coal-fed type boilers or converted 
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into low Btu gas by the gasification of the b10!'1ass. - The tech
nology behind b10.1ass production and utilization closely 
reseMbles agricultural techniques and techniques evolved from the 
handling of coal. As a result, the utilization of biomass 
r11aterials as a heat source for steam electric generation will 
increase as demands are placed on the coal industry to provide 
cleaner fuel at low prices. 

Other Natural Energy Sources. Other maJor energy conversion 
processes (ocean thermal gradiant to electricity, wind energy to 
electricity, photovoltaics, and solar heating and cooling of 
buildings and water) involve mechanical conversion or the trans
fer of heat without the production of steam for use as a cooling 
fluid. 

Magnetohyd~odynamics 

Magnetohyd~odynar:ucs (MHD) power generation consists of passing a 
hot ionized gas or liquid metal through a Magnetic field to gene
rate direct current. The concept has been known for many years, 
although specific research directed towards the development of 
viable syslems for generating significant quantities of electric 
energy has only been in progress for the past 10 years. Magneto
hydrodynaMics have particular potential as a "topping" unit used 
in conJunction with a conventional steam turbine. Exhaust from a 
MHD generator is hot enough to be utilized in a waste heat boiler 
resulting in an overall system efficiency of 50 to 60 percent. 
The problem associated with MHD is the development of naterials 
which can Wl thstand the teMperature generated. Despite I. ts high 
efficiency, development of· MHD to a commercial operation is not 
expected to occur within the next several years in the United 
States (1). 

Electrogasdynamics 

ElectrogasdynaMics (EGD) produces power by passing an electri
cally charged gas through an electric field. The process 
converts the kinetic energy of the moving gas to high voltage 
direct current electricity. The promise of EGD is similar to the 
promise of MHD. Units would be sMaller, would have a MI.nl.1'1Um of 
moving parts, would not be ~imited by thermal cycle efficiencies, 
and would not require cooling water. The system could also be 
adapted to any source of fuel or energy including coal, gas, oil 
or nuclear reactors. Unfo.rtunately, the problems of developing 
coMmercially practical units are also sinilar to those associated 
WI.th MHD (1). 
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Fuel Cells 

Fuel cells are electrochemical devices, similar to storage 
batteries, in which the chegical energy of a fuel such as hydro
gen is converled continuously into low voltage electric current. 
The prospect of fuel cells is for use in residential and commer
cial services. However, the fuel cell is not expected to replace 
a significant portion of the central powerplant generator facil
ities within the next several years due to expense of Manufactur
ing and the significant quantity of electric power needed to 
produce the cells. · 
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SECTION IV 

INDUSTRY CATEGORIZATION 

The 1974 Development Document (1) presented the framework and 
rationale for the recommended industry categorization which was 
subsequently used in the development of chemical-type waste effluent 
limitations under best practicable control technology, best available 
technology economically achievable, and standards of performance for 
new sources Factors which were considered in the development of the 
industry categorization included analysis of the processes employed; 
raw materials used; the number and size of generating facilities; 
their age, and site characteristics, mode of operation; wastewater 
characteristics; pollutant parameters, control and treatment 
technology; and cost, energy and non-water quality aspects As a 
result, i~ wa•5 recommended that the industry be categorized according 
to the origin of individual waste sources, including. condenser 
cooling system; water treatment, boiler or PWR steam generator, 
maintenance cleaning; ash handling; drainage, air pollution control 
devices, and miscellaneous waste streams 

Since the issuance of the 1974 Development Document (1), additional 
information has been collected through questionnaire surveys, plant 
visits, and sampling and analysis programs for priority pollutants. 
The steam electric power generating point source category has been 
reevaluated in light of this new information to determine whether 
categorization and subcategorization would be required for the 
preparation oE effluent guidelines and standards for the industry. 
The reevaluation consisted of (1) the statistical analysis of 308 
questionnaire data to assess the influence of age, size (installed 
generating capacity), fuel type, and geographic location on wastewater 
flow; and (2) engineering technical analysis to assess the influence 
of these and, other variables on wastewater pollutant loading and the 
need for subcacegorization. 

On the basis of tne reevaluation studies, EPA concluded that the 
existing categorization approach (by chemical waste stream origin) was 
adequate, but that a new format would be an improvement The 
recommended categorization for the steam electric power generating 
point source category includes, 

1 Once-Through Cooling Water 

2 Recirculating Cooling System Blowdown 

3 Fly Ash Transport Discharge 

4 Bottom Ash Transport Dlscharge 

5 Metal Cleaning Wastes 

Air preheater wash 
Fireside wasn 
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Boiler tube cleaning 
Cleaning rinses 

6. Low Volume Wastes 

Clarifier blowdown 
Makeup water filter backwash 
Lime softener blowdown 
Ion exchange softener regeneration 
Demineralizer regeneration 
Powdered resin demineralizer back flush 
Reverse osmosis brine 
Boiler blowdown 
Evaporator blowdown 
Laboratory drains 
Floor drains 
Sanitary wastes 
Diesel engine cooling system discharge 

7. Ash Pile, Chemical Handling and Construction Area Runoff 

8. Coal Pile 

9. Wet Flue Gas Cleaning Blowdown 

The following subsections of this section describe the statistical 
analysis and engineering technical analysis performed as a part of the 
categorization reevaluation. 

STATISTICAL ANALYSIS 

Flow data from the steam electric 308 questionnaire data base were 
obtained for once-through cooling water, recirculating cooling system 
blowdown, ash transport discharge, and low volume waste discharges 
Flow values were normalized by installed plant generating capacity and 
expressed in gallons per day per megawatt. 

Four independent variables were studied to determine their effect on 
waste flow discharge They were: principal fuel type (oil, coal, 
gas); EPA region; generating capacity; and age The effect of these 
four variables on normalized waste flow discharge was tested using 
analysis of covariance Results of the analysis indicated those 
independent variables which have a statistically significant effect on 
waste flow discharge and therefore warranted further consideration as 
a basis for subcategorization Table IV-1 presents the independent 
variao!es which were found statistically to have an influence on 
normalized waste flow discharges In general, fuel type was found to 
have the greatest influence on normalized discharge flow This was 
expected because water requirements for ash transport and other uses 
normally vary among oil, coal, and gas-fired plants 

Although some statistically significant influences were found, their 
practical significance requires further exam1nat1on Table IV-2 lists 
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Table IV-1 

VARIABLES FOUND TO HAVE A STATISTICALLY 
SIGNIFICANT INFLUENCE ON NORMALIZED FLOW DISCHARGES 

Independent Variable 

Normalized Discharge Source Fuel Type Capacity EPA Region Age 

Once Through Cooling Water 

Recirculating Cooling Water 
Blowdown 

Ash Transport Discharge 

Low Volume Waste Discharge 

x 

x 

x 

x x 
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Table IV-2 

PERCENT OF THE VARIATION IN NORMALIZED DISCHARGE 
FLOWS THAT IS EXPLAINED BY THE INDEPENDENT VARIABLES 

Discharge Source 

Once Through Cooling 

Recirculating Cooling Water Blowdown 

Ash Transporc Discharge 

Low Volume Waste Discharge 
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Percent of the Variation 
in Normalized Discharge 

Explained by the Inde
pendent Variables 

----- ----- ---

9.6 

1 6. 5 

18.6 

18.3 



the percent of the variation in normalized flow discharge which is 
explained by the four independent variables investigated In 
statistical terminology, these percentages are the square of the 
multiple correlatLon coefficient (R 2 ), expressed as a percent The 
relatively low R2 values indicate that although some of the 
independent variables were shown to statistically influence discharge, 
their importance is largely overshadowed by other influences Less 
than 20 percent of the variation in normalized ash transport discharge 
was explained by the influences of fuel type, plant capacity, EPA 
region and plant age The Agency therefore concluded that there was 
no strong statistical basis for establishing discharge source 
subcategories by fuel type, plant capacity, EPA region, or plant age 

ENGINEERING TECHNICAL ANALYSIS 

The ob]ective in developing any system of industry subcategorization 
is to provide logical groupings of discharges based on those factors 
which affect the waste loading from the plant The effect on the 
waste loading must be of sufficient magnitude to warrant imposition of 
a different treatment technology or to affect radically the 
performance of an existing technology 

The following characteristics 
plants were considered in 
subcategorization 

1 Age 

of steam electric power generating 
establishing the basis for industry 

2 Size (Installed Generating Capacity) 

3 . Fuel Type 

4 Intake Water Quality 

5 Geography 

6 Source of Raw Waste 

These factors were selected as having the greatest potential eff ecl on 
powerplant waste loading 

~ 

Previous analyses \1) have shown that older plants (defined by the 
year the oldest currently operating boiler was placed in service! tend 
to be smaller, tend to have urbanized locations, and are somewhat more 
likely to discharge plant wastewaters to publicly owned treatment 
works (POTW's) Of these factors only the size of the facilities is 
likely to impact wastewater quality or loading Smaller plants do 
have smaller discharges compared to large plants but the quality of 
the discharge is not apprec1ably different 

63 



The biggest influence of plant age is on the economics of power 
generation. Older plants are less efficient than new ones and che 
cost of producing electricity is generally higher It is therefore 
logical that capital investment in, as well as operating expenses of, 
pollution control equipment in older facilities can cause more 
economic hardship as compared to newer more efficient facilities The 
economic issues are addressed in the economic evaluation being 
prepared as a companion document to this one. 

The influence of a9e 
future subcategorization 
presented earlier 

Size 

was Judged 
beyond the 

not to be of a nature to warrant 
division by wastewstreams as 

As noted above station size (commonly expressed as installed 
generating capacity in megawatts) is an important factor influencing 
the volume of effluent flow Discharge flows of cooling water, boiler 
feed water, ash handling water, and other waste streams all increase 
with increasing installed capacity In general, small stations 
produce about the same quality of wastewater as compared to larger 
stations. 

Fuel Tvoe 

The type of fuel (coal, oil, gas, nuclear) used to fire powerplant 
boilers most directly influences the number of powerplant waste 
streams. The influence comes principally from the effect of fuel on 
the ash transport waste stream Stations using heavy or residual oils 
such as no. 6 fuel oil generate fly ash in large quantities and may 
generate some bottom ash This ash must be handled either dry or wet 
Wet handling produces a waste stream. Stations which use wet removal 
methods have an ash sluice water stream that typically contains heavy 
metals including priority pollutants Stations which burn coal create 
both fly ash and bottom ash As in the case of oil ash, both types of 
coal ash can be removed either by wet or by dry methods Those power 
stations using wet ash removal methods have an ash sluice water stream 
containing inorganic toxic pollutants such as arsenic, selenium, 
copper, etc. 

Since fuel can affect both the presence and concentration of 
pollutants, fuel type does nave a strong influence on waste loading 
and could serve as a potential basis for subcategorization. The 
existing categorization by waste stream source, however, does include 
the effect of fuel type by establishing limitations for ash transport 
water and further subcategorization of those waste streams by fuel 
type is not necessary 

Intake Water Qualitv 

Quality of the intake water nas both a direct and an indirect effect 
on the waste loading and discharge flow of a power station The 
direct effect is that pollutants coming into the plant tend to be 
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eventually discharged by the plant. The indirect effects are more 
complex. High concentrations of dissolved solids in the intake water 
can require more frequent regeneration of boiler water treatment 
systems High dissolved solids content may also limit the amount of 
recycle of cooling water from the cooling towers, thus increasing the 
flow of cooling tower blowdown High organic loadings in the raw 
water intake require larger doses of chlorine or other chemicals for 
cooling water treatment Water quality is normally divided into three 
types: fresh, bcack1sh, and salt, depending on the concentration of 
dissolved solids. The different types of water are believed to react 
differently with chlorine and other biocidal agents to produce 
different types and different concentrations of reaction products. 

Intake water quality can affect both the flow and pollutant 
concentration in water discharges However, its influence on cooling 
water flows is mostly dependent on the type of cooling used by the 
station. The influence of intake water quality is accounted for in 
the present categorization and was reJeCted as a basis for 
subcategorization. 

Geoaraphic Locat~Q.!l 

Geographic location can have an influence on power station waste 
concentrations and flows primarily through the affect of intake water 
availability and quality The effect of intake water quality is 
described above. Other geographical oriented considerations have 
small to no effect on wastewater flow or quality. 

Waste Stream Sout~ 

Steam electric powerplant waste stream source has the strongest 
influence on the presence and concentration of various pollutants as 
well as on flow. Waste stream source effects all aspects of wasce 
loading Power stations commonly have several wastewater sources, but 
rarely are all possible sources present at any single station. All of 
the sources present fit into one of the general categories 
Categorization by waste source provides the best mechanism for 
evaluating and controlling waste loads It was concluded that current 
categorization by waste stream source should be retained 
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SECTION V 

WASTE CHARACTERIZATION 

INTRODUCTION 

This study addresses only the chemical aspects of powerplant 
wastewater discharge A number of different operations by steam 
electric powerplants discharge chemical wastes Many wastes are 
discharged more or less continuously as long as the plant is 
operating. These ·include wastewaters from the following sources: 
cooling water systems, ash handling systems, wet-scrubber air 
pollution control systems, and boiler blowdown. Some wastes are 
produced at regular intervals, as in water treatment operations which 
lnclude a cleaning or regenerative step as part of their cycle (ion 
exchange, filtration, clarification, evaporation) Other wastes are 
also produced intermittently but are generally associated with either 
the shutdown oc startup of a boiler or generating unit such as during 
boiler cleaning (water side), boiler cleaning (fire side), air 
preheater cleaning, cooling tower basin cleaning, and cleaning of 
miscellaneous small equipment. Additional wastes exist which are 
essentially unrelated to production. These depend on meteorological 
or other factors. Rainfall runoff, for example, causes drainage from 
coal piles, ash piles, floor and yard drains, and from construction 
activity A diagram indicating potential sources of wastewaters 
containing chemical pollutants in a fossil fueled steam electric 
powerplant is shown in figure V-1. 

DATA COLLECTION 

Data on waste stream characteristics presented in this section were 
accumulated from the following sources: 

1 The 1974 Development document for the Steam Electric Indus~ry (l); 

2 Literature data available since 1974 supplied by various sources, 
including th~ steam electric industry, 

3 Individual plant information available from approximately 800 
steam electric plants responding to an EPA data collection effort 
(under authority of section 308 of the FWPCA), 

4 Data from monthly monitoring reporting forms, EPA regional 
offices, state agencies, and other Federal agencies, 

5 Results of screen sampling and analysis of steam electr1c 
facilities, 

6 Results of veri:~cat1on sampling and analysis of steam electric 
facilities, and 

Miscellaneous data sources 
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Most of the historical data available cover conventional and non
conventional non-toxic pollutants such as total residual chlorine, 
free available chlorine, temperature, non-priority metals, oil and 
grease, total suspended solids (TSS), and pH Data covering the 
organic priority pollutants were practically nonexistent. A two fold 
sampling program was conducted to fill the data void The initial 
"screening" phase served to identify the presence of pollutants and 
the "verification" phase to quantify them Five analytical 
laboratories were involved in the sampling program. All the 
laboratories used gas chromotography with a mass spectrometer detector 
(GC/MS) in analyzing for the organics (with one exception) and atomic 
adsorption for the metals (with two exceptions). One laboratory used 
a GC with a Hall detector for organic analyses Two laboratories used 
the Inductively Coupled Argon Plasma Atomic-Emission Spectroscopy 
Method (ICAP) for metal analyses. The sampling protocol outlined in 
the document entitled, "Sampling and Analysis Procedures for Screening 
of Industrial Effluents for Priority Pollutants--April 1977 (2), was 
used with some minor revisions. The revisions are described in the 
subsections on each waste stream. 

Methylene chlor1de and phthalates were detected in almost all samples. 
The potential sources of contamination for these pollutants include 
sampling and ar1alytical equipment (phthalates are used as plasticizer 
in tubing) and z·eagent used to clean and prepare sample bottles 
(methylene chloride). For these reasons, phthalates and methylene 
chloride are ex\luded from consideration as pollutants from powerplant 
operation. 

Screen Samoling ~fforts 

Eight plants wer~ chosen for example under the screen sampling phase. 
These plants we•te representative of the pollutant sources encountered 
in the industry; the selection of plants was based on plant variables 
known to affE•ct effluent composition The selection criteria 
included: fuel type, plant size, cooling type, and feed water 
qual1ty. The characteristics of these eight plants are summarized in 
table V-1. 

Verif1cation Sarr~>l1ng Efforts 

The verification sampling phase was developed to quantify pollutant 
loadings from the power-generating industry Plants were chosen for 
this phase after consultation with industry representatives and 
computer scans of the 308 data base The rationale for plant 
selection was based on chemical discharge waste characteristics. This 
phase focused primarily on the following streams once-through 
cooling water, cooling tower blowdown, ana ash handl1ng waters. 
Although this sampling effort emphasized these maJor waste sources, 
other waste streams were also sampled 

Pollutants discharged from once-througn cooling water can be 
attributed to corrosion of construction materials, and to the reaction 
of elemental chlorine as hyarochlorite w1th organics in the intake 
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Plant 

4222 

0631 

2414 

-..J 
0 

1720 

3805 

340L• 

2512 

4836 

Table V-1 

CHARACTERISTICS OF PLANTS SAMPLED IN THE SC}.{EEN SAMPLING PHASE 
01" THE SAMPLING PROGRAM 

Capdcity 
(MW) Fuel T;t:pe 

1641 • 7 Bituminous 
Codl 

169 Oil/Gas 

1329 Bituminous 
Codl 

1107 Bituminous 
Coal 

660 Lignite 
Coal 

475.6 Coal/Oil 

1120 Oil 

495 Gas 

Fly Ash 
Collection 

ESP 

Cyclones 

Units 1 • 2. 
ESP 

Unit 3. 
Scrubber 

-----

-----

ESP 

ESP 

fly Ash Hdndling 

Once-Through 
Sluicing 

Dry lldndling 

Uni ts 1 , 2 Dry 
Hcindling 

Unit 3. Partial 
Recirculation 
Sluice System 

Once-Through 
Sluicing 

Partical Recir
culating Sluice 
Sybtem 

lleinJ ection of 
Fly Ash Into 
Boilers 

Partial Recir
culation of F'ly 
Ash Sluice 

Cooling Water System/ 
Type of Wdter 

Cooling Towerb/Fresh 
Water 

Cooling Towers/Fresh 
Water 

Units 1,2. Once
Through/Fresh Water 

Unit 3. Cooling 
Tower/Fresh Wdter 

Once-Through/Fresh 
Water 

Once-Through/Saline 
Water 

Units 1, 2 Cooling 
Towers/Saline Water 

Unit 3. Once-Through 
/Saline Water 

Once-Through/Saline 
Water 

Cooling Towers/Fresh 
Water 



water Primary emphasis for cooling waters was placed on organics 
Plants sampled during the verification program were selected on the 
basis of intake water quality Powerplants with fresh water intake, 
brackish water lntake, and sal~ne water intake were selected because 
reaction kinet1cs for chlorinated organics formation are known to 
differ with the nature of the water source 

Pollutants in cooling tower blowdown may be the result of chlo
rination, chem1cal additives, and corrosion and erosion of the piping, 
condenser, and cooling tower materials. The Agency therefore, 
considered materials of construction (in particular cooling tower 
fills) in plant selection Plants using the three most prevalent 
types of cooJ1ng tower fill were sampled. Plants with fresh, 
brackish, and saline water intakes were selected for chlorinated 
organics sampl1ng Since most of the powerplants were chlorinating on 
an intermittent basis, cooling tower and once-through cooling 
effluents were sampled only during periods of chlorination 

Ash handling streams contain dissolved material from the ash 
particles. The chemical nature of the ash material is a function of 
fuel composit1on The four basic fuels considered were: coal, oil, 
natural gas, and nuclear Natural gas-fired and nuclear-fired plants 
do not generate ash Responses from the 308 letters indicate that few 
oil-fired plants have wet ash-sluicing syscems Only one plant with 
oil ash handling waters was sampled. As a result, the ash transport 
waters from coal-fired powerplants were the primary focus. Four 
factors were determined to have the greatest impact on this stream. 
(1) sulfur content, (2) type of coal (bituminous, lignite, etc.), (3) 
origin of coal, and (4) type of boiler Plants were selected under 
these criteria Most coal-fiLed facilities have ash ponds or other 
means of treatment for total suspended solid removal Samples were 
taken from the ash pond effluent Table V-2 lists the powerplants 
sampled during the verification phase of the sampling program. 
Information regarding plant fuel type, installed generating capacity, 
ash handling systems, and cooling system type are provided in this 
table. 

Samolina Proaram Results 

The results of the screening and verification sampling programs are 
discussed by specific waste stream in the following subsections. 

1. Cooling Water 

once-· through 
recirculating 

2 Ash Handling 

combJned ash ponds 
separate fly ash ard bottom ash ponds 

3 Boiler Blowdown 
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Table V-2 

CHARACTERISTICS O~, PLANTS SAMPLED IN THE VERIFICATION PHASE 

Plant Capacity Fly Ash Bottom Ash Cooling Water System/ 
No. MW Fuel Type ---- Handling System Handling System (Fill*)/Type of Water 

2718 136.9 Lignite Codl Dry Dry Once-Through and 
Cooling Tower (Wood)/ 
Fi;esh 

1716 648.5 Bituminous Dry Wet Once-Through Once-Through/Fresh 
Codl/Gas 

3li 14 612.9 Oil ----- ----- Once-Through/Brackish 

4826 826.3 Gas N/A N/A Once-Through/Brackish 
-...J 
N 1742 22 Bituminous Dry Wet Once-Through Once-Through/Fresh 

Coal/Oil 

1245 11 7 Oil/Gas ----- ----- Once-Through/Brackish 
Cooling Tower/Fresh 

1226 1 '229 Bituminous Wet Once-Throug~ 4et Once-Through Once-Through and 
Coal/Oil/Gas Cooling Tower (PVC)/ 

Fresh 

4251 835 ----- ----- ----- Cooling Tower 
(Asbestos)/Fresh 

NA = Not Applicdble 
= Insuff1c1ent Information 

*Type of Fill in Cooling Towerbi given where appropriate. 



Table V-2 (Continued) 

CHARACTERISTICS OF PLANTS SAMPLED IN THE VERIFICATION PHASE 

Plant Capacity Fly Ash Bottom Ash Cooling Water System/ 
No. MW Fuel T~].~e Hdndling System Handling System Tyee of Water 

3l.04 475.6 Bituminous Wet Once-Through Wet Once-Through Once-Through and 
Coal/Oil Cooling Tower 

(Asbestos)/Brackish 

5409 2,900 Bituminous Wet Once-Through Wet Once-Through Cooling Tower (----)/ 
Coal/Oil Fresh 

5604 750 Bituminous Dry/Wet Recycle Wet Once-Through/ Once-Through and 
Coal/Oil Wet Recycle Cooling Tower (----)/ 

Fresh 
-...J 
w 4602 22 Subbitumi- Dry Wet Once-Through Cooling Tower (Wood)/ 

nous Coal Fresh 

3920 5l•4 Bituminous Wet Once-Through Dry/Wet Once- Once-Through/----
Coal/Oil Through 

3924 87.5 Bituminous Wet Once-Through Wet Once-Through Once-Through/----
Coal 

3001 50.0 Lignite Wet Once-Through Wet Once-Through Once Through/----
Coal/Gas and Wet Recycle 

NA = Not Applicable 
= Insuf f 1cient Information 

*Type of Fill in Cooling Towers, given where appropriate. 



Table V-2 (Continued) 

CHARAC'rlrnISTICS OF PLANTS SAMPLED IN THE VERIFICATION PHASE 

Plant Cdpdd ty Fly Ash Bottom Ash Cooling Water System/ 
No. MW Fuel Type Handling System Handling System Type of Water ---- ----

1 741 99.0 Bi Luminous Wet Once-Through Wet Once-Through Cooling Ponds/----
Coal 

. 
5410 675 Bituminous Wet Once-Through Wet Once-Through Once-Through/----

Codl 

2121 1,002.6 Bituminous Wet Once-Through Wet Recycle Cooling Tower (----)/ 
Coal (Bottom Ash 

Sluice Water 
Recycled for Fly 

-...J A&h Sluicing) 
""' 

NA = Not Applicable 
= In&uf f icient Informdtion 

*Type of Fill in Cooling Towers, given where appropriate. 



4 Metal Cleaning Wastes~ 

5 Boiler Fireside Washing 

6 Air Preheater Washing 

7 Coal Pile Runoff 

A listing of the pollutants detected in the various powerplant waste 
streams is given in table V-3 

COOLING WATER, 

In a steam electric powerplan~, cooling water absorbs the heat that is 
liberated from the steam when it is condensed to water in the 
condensers A typical type of condenser for steam electric power 
applications is the shell and tube condenser A crosssectional view 
of this type of condenser is provided in figure V-2 Cooling water 
enters the condenser through the inlet box and passes through the 
condenser tubes to the outlet, box As the water passes through the 
tubes, heat is transferred across the tube walls to the cooling water 
from steam contained in the condenser shell The steam in the shell 
is the turbine exhaust The transfer of heat to the cooling water 
results in condensation of, steam on the condenser tubes The 
condensate falls from the tubes to the bottom of the shell forming a 
pool in the hot well The condensate is then pumped from the hot well 
through the feedwater train to the boiler Cooling water lS 
discharged from the condenser through the outlet box (3) 

Once-Throuah CooliPa Water Svste~s 

In a once-through cooling water system, the cooling water is withdrawn 
from the water source, passed through the system, and returned 
directly to the water source The components of the system are the 
intake structure, the circulating water pumps, the condensers, and the 
discharge conduit. The components of a typical intake structure are 
the intake cowl, the conduit, and the wet well Each intake cowl 
contains a bar rack to remove large obJects from the water in order to 
protect the pumps The wet well contains the pumps, called the 
circulating water pumps, and screens for removing smaller obJects in 
the water which could damage ~he pumps The relative location of the 
components in a particular application depends on the type of water 
source and various physical characteristics of the water source The 
discharge from the recircula~ing water pumps enter a manifold that 
distributes the coolina water to the condensers A manifold collects 
tne heated water from ail of the condensers and transfers tne water to 
a conduit The cooling wate~ is discharged f~om the conauit into the 
receiving water body Based on 308 data, approximately 65 percent of 
the existing steam electrLc powerplants have once-through cooling 
water systems Table V-4 1 presents a statistical analysis of once
through cooling water flow rates reported in 308 responses from ~he 

i~dustry 

75 



Table V-3 

SUMMARY TABLE OF ALL PRIORITY POLLUTlillTS DETECTED 
IN ANY OF THE WASTE STREAl."18 FROM STEAM ELECTRIC 

POWERPLANTS BASED ON THE ANALYSIS OF THE COMPLETE 
COMPUTERIZED DATA BASE 

Benzene 
Chlorobenzene 
1 ,2-Dichloroethane 
1,1 ,1-Trichloroethane 
1 ,1 ,2-Trichloroethane 
2-Chloronaphthalene 
Chloroform 
2-Chlorophenol 
1 ,2-Dichlorobenzene 
1,4-Dichlorobenzene 
1 ,1-Dichloroethylene 
1 ,2-Trans-Dichloroethylene 
2,4-Dichlorophenol 
Ethyl benzene 
Methylene Chloride 
Brornoform 
Dichlorobromomethane 
Trichlorofluoromethane 
Chlorodibromomethane 
Nitrobenzene 
Pentachlorophenol 
Phenol 
Bis(2-Ethylhexyl) Phthalate 
Butyl Benzyl Phthalate 
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Di-N-Butyl Phthalate 
Di-N-Octyl Phthalate 
Diethyl Phthalate 
Dimethyl Phthalate 
Tetrachloroethylene 
Toluene 
Trichloroethylene 
4,4-DDD 
Antimony (Total) 
Arsenic (Total) 
Asbestos (Total-Fibers/Liter) 
Beryllium (Total) 
Cadmium (Total) 
Chromium (Total) 
Copper (Total) 
Cyanide (Total) 
Lead (Total) 
Mercury (Total) 
Nickel (Total) 
Selenium (Total) 
Silver (Total) 
Thallium (Total) 
Zinc (Total) 
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Table V-4 

ONCE-THROUGH COOLING WATER FLOWRATES 
(308 Que&t1onnaire) 

Number 
of Mini.mum 

Variable Plants Mean Value Standard Deviation Value Maximum Value ------- ---- ------...---- ------------ ------ ---------
Fuel Coal* ---- -----

Flow GPD/pldnt 239 298,048,949 358,035, 167.6 50.0 T,662,900,000 
Flow GPO/MW 239 1 ' 1 '• 0 ' 6 1 9 ' 2 1 8 5,030,338,485 0.347 55, L130, 000 

Fuel Gah* -------
Flow GPO/plant 105 206,671 ,665.8 539,322,309.7 79.2 1 ,905,000,000 
Flow GPD/MW 104 636,267,895 573,486.38 1.8 3,658,536,585 

Fuel 011* ------
Flow GPO/plant 138 393,313, 121.5 687,433,085.8 1. 91 7,056,000,000 
Flow CPD/MW 137 1,385,121.179 4,991,663.852 0.013 58,074,074.07 

----- ---- ·-----

*Fuel designations are determined by the fuel which contributes the most Btu for power 
generdtton for the year 1975. 



Recirculatina Coolina Water Systems 

In a recirculating cooling water system, the cooling water is 
withdrawn from the water source and passed through the condensers 
several times before being discharged to the receiving water After 
each pass through the condenser, heat is removed from the water The 
heat is removed from the ,cooling water by three ma]or methods· 
cooling ponds or cooling canals, mechanical draft evaporative cooling 
towers, and natural draft evaporative cooling towers 

Cooling ponds are generally most appropriate in relatively dry 
climates and u1 locations where large land areas are available In 
some cases where land area is not readily available, spray facilities 
have been installed to reduce the needed pond size. Approximately 
half of the steam electric industry's cooling ponds are in the 
Southwest (Texas and Oklahoma), a quarter in the Southeast, and the 
remainder maLnly in the Midwest Cooling ponds normally have a water 
retention timi~ of 10 days or more and, for a large steam electric 
plant, usually have a surface area in excess of 500 hectares 
Chemical addition requirement for cooling ponds is significantly less 
than for cooling towers 

The mechanical draft evaporative cooling tower is by far the most 
popular cooling method for recirculating cooling water in large steam 
electric powe~plants The mechanical draft towers, shown in figure V-
3, use fans to move air past the droplets or films of water to be 
cooled Evaporation of water into the air stream provides the primary 
mechanism for cooling 

Like the mechanical draft towers, the natural draft towers rely on 
water evaporation for cooling effect However, fans are not used to 
induce air through the tower Instead, the tower is designed so that 
air will naturally flow from the bottom to the top of the tower as a 
result of density differences' between ambient air and moist air inside 
the tower and the chimney effect of the tower's tall structure 
Natural draft towers are of~~n selecte9 over mechanical draft towers 
in areas where low wet bulb temperatures and h1gh hum1dlty prevail A 
sketch of this type of tower is shown in figure V-4 

More than 120 natural draft cooling towers were installed or planned 
by 1976 (6). The first towers installed in this country were 
concentrated in the Appalachian Mountains as a solution to the problem 
of getting plumes up and out of local valleys As of 1976, however, 
towers were in operation or on order in 23 states While the numoer 
of units may represent as little as 20 percent of the total number of 
cooling towers at powerplants, the megawatt capacity they represent is 
far higher since natural draft towers usually are constructed for the 
larger, newer plants Natural draft cooling towers are expected to 
account for almost 50 perce~t of new generating capacity requiring 
cooling towers All of the hyperbolic natural draft cooling towers 
built in the United States to date have been of concrete construction 
Cooling tower fill can ~e made of polyvinyl chloride, asbestos cement, 
ceramic or wood 
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The water that evaporates from a recirculating cooling water system in 
cooling ponds or cooling towers results in an increase in the 
dissolved solids content of the water remaining in the system; thus, 
the dissolved solids concentrat1on will tend to build up over time and 
will eventually, if left unattended, result in the formation of scale 
deposits Scaling due to dissolved solids buildup is usually 
maintained at an acceptable level through use of a bleed stream called 
cooling tower blowdown. A portion of the cooling water in the system 
is discharged via this stream The discharged water has a higher 
dissolved solids content than the intake water used to replace the 
discharged water, so the dissolved solids content of the water in the 
system is reduced. Table V-5 presents a statistical analysis of 
cooling tower blowdown based on 308 data. 

In some recirculating systems, chemical additives that inhibit scale 
formation are added to the recirculating water These additives are 
discharged in the cooling tower blowdown 

Chlorination 

Biofouling occurs when an insulating layer of slime-forming organisms 
forms on the waterside of the condenser tubes, thus inhibiting the 
heat exchange process The slime-forming organisms consist of fungi, 
bacteria, iron bacteria, and sulfur bacteria The exact mechanics of 
biofouling are not fully understood, but the steps are bel1eved to 
consist of a roughening of the metal surfaces by abrasion, attachment 
of bacteria and protozoa, entrapment of particulate matter by the 
slime growth; and the deposition of successive layers of slime-forming 
organisms and particulate matter (3) 

Chlorination lS the most widely practiced method of biofouling control 
for both once-through and recirculating cooling water systems Based 
on the '308' data and Federal Power Commission data, about 65 percent 
of the 842 steam electric plants use chlorine for biofouling control 
The remaining plan~ either do not have a significant biofouling 
problem or use a method of con~rol other than chlorine If the intake 
water has certain characteristics, e g , high suspended solids 
concentration or low temperature, biofouling is not a problem with 
once-through cooling water systems. With recirculating cooling water 
systems, chlorination may still be required in order to protect the 
cooling tower The alternatives to chlorine include other oxidizing 
chemicals, nonoxidizing b1ocides, and mechanical cleaning None of 
these alternatives are widely used at this time, so chlorination is 
clearly the predominant method of biofouling control 

The properties of chlorine that make it an effective biofoul1ng 
control agent are precisely the properties which cause environmental 
concern. The addition of chlor1ne to water causes the formation of 
toxic compounds and chlorina~ed organics which may be priority 
pollutants The available information on the reaction mechanisms and 
products of chlorine with fresh and saline waters is summarized in the 
following two subsections 
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Variable 

Fuel Coal* 

Flow CPD/plant 
CPD/MW 

Fuel. Gas* ---------

Flow· CPD/plant 
GPD/MW 

Flow Oil* -------
Flow CPD/plant 

GPD/MW 

Number 

Table V-5 

COOLING TOWER BLmJDO\JN 
(308 Que&tionnaire) 

of Minimum 
Plants Mean Value Standard Deviation Value 

82 
82 

120 
119 

47 
'• 7 

2,232,131 5,452,632.6 
2,973.251 7,308.87 

315,951.9 
3,080.131 

274, 193.2 
1,862.413 

505,504.6 
4,851 .049 

584,273.3 
3,428.478 

0.00 
0.00 

0.00 
0.00 

o.oo 
o.oo 

Maximum Value 

40,300,000 
63,056.68 

2,882,880 
26,208.00 

3,200,000 
16,712.00 

*Fuel designations are determined by the fuel which contributes the most Btu for power 
generdcton for the year 1975. 



Fresh Water 

When chlorine is dissolved 
hydrochloric acid are formed: 

in water, hypochlorous acid and 

+ 
+ HOC1 + HCl ( l ) 

The reaction occurs very rapldly In dilute solutions with pH levels 
greater than 4, the equilibrium is displaced far to the right; 
therefore, very few chlorine molecules (Cl 2 ) exist in solution. 
Hypochlorous acid is a weak acid that particularly dissociates in 
water to the hydrogen ion and the hypochlorite ion· 

HOCl ~ a+ + oc1- ( 2 ) 

The equilibrium of 
figure V-5. As 
hypochlorous acid 
plus hypochlorite 

this reaction is a function of pH as shown 1n 
pH increases, the ratio of hypochlorite ion to 

increases The concentrations of hypochlorous acid 
ion in solution is termed free available chlorine 

Chlorine may be applied to water not only in the pure Cl 2 form but 
also in compound form, usually as hypochlorite Hypochlorites are 
salts of hypochlorous acid. The two most commonly used hypochlorites 
are calcium hypochlorite, a solid, and sodium hypochlorite, a liquid. 
When sodium hypochlorite is dispersed in water, hypochlorous acid and 
sodium hydroxide are formed: 

NaOCl + H2 0 + 
+ HOCl + NaOH ( 3 ) 

Hypochlorous acid then partially dissociates in accordance 
Equation 2; therefore, whether chlorine gas or hypochlorite are 
to water, the end chlorine-containing products are hypochlorous 
and hypochlorite ion. 

with 
added 
acid 

Both hypochlorous acid and hypochlorite ion are potent oxidizing 
agents. The source of this oxidizing potential is the chlorine that, 
at a oxidation state of +l, can accept two electrons in being reduced 
to the -1 state. Hypochlorous acid is superior to hypochlorite ion as 
a biocide. The primary reason for this superiority is the relative 
ease with which hypochlorous acid can penetrate biological organ1sms 
As a result of the biocidal efficiency of hypochlorous acid, an 
equilibrium shifted to the left in Equation 2 is preferred in most 
applications. The achievement of such an equilibrium position is 
aided by using chlorine since one of the reaction products, 
hydrochloric acid, lowers the pH of the water; but the achievement of 
this equilibrium position is impeded when using hypochlor1te since one 
of the reaction products, sodium hydroxide, raises the pH of the 
water. 

Since hypochlorous acid is an oxidizing agent, a considerable amount 
of free available chlorine may be consumed in reactions with 
inorganic-reducing mater1als in water before any biocidal effect is 
accomplished. Cyanide, hydrogen sulfide, iron, and manganese are 
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among the substances which can be oxidized by hypochlorus acid. In 
these reactions the Cl+ in hypochlorus acJd is reduced to Cl- which 
has no biocidal capability. The consumption of hypochlorous acid by 
inorganic-reducing materials is termed chlorine demand. The demand 
for chlorine by these substances must be satJsifed before hypochlorous 
acid is available for biocidal activity 

When sufficient hypochlorous acid is present to exceed chlorine 
demand, the acid will react with ammonia and organic materials The 
reaction of ammonia with hypochlorous acid forms monochloramine and 
water: 

NH 3 + HOC! ( 4 ) 

This reaction occurs when the weight ratio of chlorine to ammonia is 
less than or equal to 5:1 Monochloramine is a weak biocide The 
reactions of organic materials with hypochlorous acid can be divided 
into two groups. reactions with organic nitrogen and reactions with 
all other organic compounds. Compounds which contain organic nitrogen 
are complex; therefore, the chemistry of chlorination of organic 
nitrogen compounds is comple)t. The products of the reactions of 
diverse organic nitrogen compounds with hyprochlorous acid are grouped 
under the general term complex organic chloramines The chemistry of 
chlorination of other organic compounds is also complex. The products 
of chlorination of other organic compounds are grouped under the 
general term chlorine substitution and addition products. The organic 
chloramines and the chlorine substitution and addition products are 
weak biocides. The chlorine contained in these compounds and in 
monochloramine is called combined chlorine residual The word 
"residual" denotes that this is the chlorine remaining after 
satisfaction of chlorine demand, while the word "combined" denotes 
that the chlorine is tied up in compounds. 

Further addition of hypochlorous acid so that the weight ratio of 
chlorine to ammonia exceeds 5:1 results in the conversion of some of 
the monochloramine to dichloramine: 

NH 2 Cl + HOCl ( 5 ) 

As the weight ratio of chlorine to ammonia increases to 10:1, the 
dichloramine and the organic chloramines and chlorine substitution and 
addition products begin to decompose The exact mechanism and 
products of this decomposition are still incompletely defined. The 
decomposition consumes hypochlorous acid, so a chlorine demand is 
again exerted. The decomposition also decreases the combined chlorine 
residual level. Decomposition ceases at a weight ratio of chlorine to 
ammonia of 10.1. At this point, the combined available chlorine 
residual consists of approximately equal amounts of monochloramine and 
dichloramine. Like monochloramine, dichloramine is a weak biocide 

As the weight ratio of chlorine to ammonia proceeds to 20 l through 
addition of hypochlorous acid, the conversion of monochloramine to 
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dichloramine JS greatly speeded and some dichloramine is converted to 
trichloramine, dlso called nitrogen trichloride 

NHC1 2 + HOCl ( 6) 

Regardless of Lhe form of the combined available chlorine residual, 
the amount of the residual remains constant at the level present when 
the chlorine to ammonia weight ratio was 10:1 The quantity of 
hypochlorous ac:id added that is not involved in the chloramine 
reactions is, therefore, present as free available chlorine residual. 
Hypochlorous actd is, as previously stated, a powerful biocide. 

The effect of various impurities in water on the disinfecting power of 
hypochlorous ac:id, described by the preceding series of equations, is 
illustrated in figure V-6 Total available chlorine residual, which 
includes both combined available chlorine residual and free available 
chlorine residudl, is the measure of total biocidal power As 
hypochlorous acid is added to water, the total available chlorine 
residual passes through four stages In the first stage, no residual 
is formed because chlorine is being reduced by inorganic materials. 
In the second stage, a residual, consisting of only combined available 
chlorine, is formed and continuously increases as monochloramine, 
organic chloramines, and chlorinated organics are formed. In stage 
three, the residual, still consisting of only combined available 
chlorine, decredses as monochloramine is converted to dichloramine and 
the dichloram1ne and the organic compounds undergo further reactions. 
In the fourth stage, the residual increases continuously. The 
residual in Lhis stage consists of both combined available chlorine 
and free available chlorine In most water treatment operations, 
sufficient hypc,chlorous acid is provided to operate in stage four in 
order to take advantage of the biocidal power of hypochlorous acid 

A great deal of research has been conducted on the formation of 
chlorinated orgdnics in fresh water Some of the chlorinated organics 
are in the l Lst of 129 priority pollutants, ( i. e , bromoform and 
chloroform) One of the experiments to examine chlorination of 
organics resulting from chlorinated cooling waters was performed by 
Jolley, et al (7). Over 50 chlorinated organics were isolated from 
concentrates of Watts Bar Lake water and Mississippi River water which 
were chlorinaled at concentrations of 2.1 mg/l (75 minutes reaction 
time) and 3.4 mg/l (15 minutes reaction time) The chlorinated 
organics formed were in ppb concentrations. 

In view of the finding of the'National Organics Reconnaissance Survey 
that halogenated organics in raw and finished drinking water are 
widespread and distributed with a frequency shown in figure V-7, EPA 
Municipal Environmental Research Labs (8) soughc to investigate the 
mechanism for the formation Suspecting humic substances to be the 
precursors, they tested this hypothesis. At concentrations of hum1c 
acid represent1ng the non-volatile total organic carbon (NVTOC) 
concentrations found in the Ohio River (3 mg/l), they observed that 
the rate of tr1halomethane formation was similar to that observed in 
Ohio River wate1· 
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The maJor mechanism for trihalomethane reactions in natural waters is 
the haloform reaction (9) that is a base catalyzed series of 
halogenation and hydrolysis reactions which occur typically with 
methyl ketones or compounds oxidizable to that structure Humic and 
fulvic substances have been postulated as precursors to 
trichloromethane formation. Humic materials are composed of aromatic 
and alicyclic moieties containing alcoholic, carbonyl carboxylic, and 
phenolic functional groups, which can participate in trihalomethane 
formation by ionizing to form carbonions rapidly 

Unfortunately, data on the formation of trihalomethanes in cooling 
water effluents is not readily available Several of the variables 
which influence chloroform formation have been investigated by the 
Louisville Water Company (10). A conventional treatment process of 
sedimentation, coagulation with alum, softening, recarbonization, and 
filtration is practiced Primary disinfection is accomplished by 
chlorination at the head of the coagulation process The chlorine 
residual leaving the plant is approximately 2.0 ppm. The correlation 
between total trihalomethanes and water temperature is shown in figure 
V-8. It is evident that seasonal variation in influent water 
temperature could vary the effluent chloroform concentration by a 
factor of 2-3 times. There are marked increases in chloroform 
formation with increases in pH as shown in figure V-9 Figure V-10 
shows the effect of contact time on chloroform formation 

Saline Water 

When chlorine gas is dissolved in saline water, the chemical reactions 
which occur initially are identical to the reactions which occur when 
chlorine gas is dissolved in fresn water. Once hypochlorous acid and 
hypochlorite ion are in equilibrium in solution, the bromide present 
in saline water is oxidized and hypobromous acid and hypobromite ion, 
respec~ively, are formed. 

HOCl + Br 

Br- + 3Cl0 + + 

HOBr + Cl 

Br0- 3 + 3Cl-

( 7 ) 

( 8 ) 

The oxidiaation occurs because chlorine has a higher oxidation 
potential than bromine. The equilibriums in these reactions are 
normally displaced to the right; hence, hypobromous acid and 
hypobromite ion are more prevalent in solution than hypochlorous acid 
and hypochlorite ion. 

The four oxidizing compounds: hypochlorous acid, hypochlorite ion, 
hypobromous acid, and hypobromite ion are believed to behave in saline 
water similarly to hypochlorous acid and hypochlorite ion in fresh 
water The reactions and the reaction products in each of the four 
stages described for fresh water are not conclusively defined for 
saline water The presence in saline water of numerous chemical 
species not found in fresh water leads to many side reactions 
triggered by the four oxidizing compounds These side reactions 
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Figure V- 9 

EFFECT OF pH ON THE CHLOROFORM REACTION 

Reprinted from Hubbs, S A , et al , "Trihalomethane Reduction 
at the Louisville Water Company," Louisville \later Company, 
Louisville, KY, undated 
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obscure the ma!n reactions which result in the difficulty in defining 
the primary reactions and reaction products In spite of this 
difficulty, some progress has been made in defining reaction products, 
particularly in Stage 4. In this stage, the free residual prooably 
contains the four oxidizing compounds and the combined residual 
probably contains chloramines, bromamines, chloro-organics, and bromo
organics. 

Bean, et al. (11), chlorinated Seguim Bay waters at a rate of 1-2 mg/l 
chlorine for approximately 2 hours This is relatively pristine water 
with approximately l mg/1 TOC Principle reaction products were 
bromoform (30 mg/l) with smaller quantities of dibromomethane and 
traces of dichloromethane. 

Carpenter (12) found that bromoform, and to a lesser extent, 
chlorodibromomethane were formed upon chlorlnation of Biscayne Bay 
waters. Typically, organic constituents range from 9-12 ppb dissolved 
organic carbon. Chlorination to l mg/l produced 36 ppb CHBr 3 in 
unfiltered water and 43 ppb CHBr 3 centrifuged water It is postulated 
that chlorine reacts with the particulate matter and prevents 
oxidation of bromine to a certain extent in the former case 

Corrosion Products 

Corrosion is an electrochemical process that occurs when metal is 
immersed in water. A difference in electrical potential between 
different parts of the metal causes a current to pass through the 
metal between the anode, the region of lower potential, and the 
cathode, the region of higher potential. The migration of electrons 
from the anode to the cathode results in the oxidization of the metal 
at the anode and the dissolution of metal ions into the water (13) 

Most metals rely on the presence of a corrosion products film to 
impart corrosion protection In the case of copper alloys, which are 
used extensively in powerplant condensers, this film is usually Cu 2 0 
As a result, copper can usually go into the corrosion product film or 
directly into solution as an ion or a precipitate in the initial 
stages of condenser tube corrosion. As corrosion products form and 
increase in thickness, the corrosion rate decreases continually until 
steady state conditions are achieved The data presented in table V-6 
lend support to the corro5ion product film theory as applied to 
condenser tubes The plant that was sampled had three units. Unit 3 
had JUSt begun operation and contributed the most copper to the 
cooling water. Unit l had been in operation for a longer period of 
time and contributed the least amount of copper to the cooling water. 
Unit 2 was not considered in the comparison because mechanical 
cleaning was used to control biofouling which artificially increased 
the copper contribution to the cooling water (14). 

Waters high in dissolved solids are more conductive; therefore, plants 
using saline water for cooling should have higher metals 
concentrations in the cooling water discharge than plants using fresh 
water. Popplewell and Hage~ (15) observed that the long term 
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l.J1I 

Condenser Material 

Unit 1 Aluminum-brass 
76-79 percent 
copper 

Unit 2 90/10 copper 
nickel alloy 

Unit 3 90/10 copper 
nickel alloy 

Table V-6 

COPPER COHROSION DATA (14) 

Comment 

Considered to be 
equilibrated with 
the environment 

Mechanical anti-
fouling system 
was used 

Had been operating 
intermittently for 
only a few months 

Copper Added to Cooling Wacer by 
Passing Through the Condenser* 

Soluble Particulate 
(ug/l) (ug/l) 

No statistically 1.28 
significant addition 

6.70 7.76 

11.8 1.8 

*Average of hourly samples over a 24 hour sampling period, corrected for copper 
concentrdtions at the intake. 



corrosion rate of alloy 706 (90/10-copper/nickel) does not differ 
significantly in different environments A summary of these results 
is shown in table V-7 Copper release is more a function of flow rate 
than it s of salt content of makeup water A study was undertaken by 
a utilit. (16) to determine concentrations of cadmium, chromium, 
copper, nickel, lead, and zinc in the influents and effluents of eight 
coastal generating stations The composite data in table V-8 for all 
eight plants sampled shows that in 11 of the 12 available comparisons, 
the median difference between effluent and influent concentration was 
positive, suggesting a net addition of trace elements as a result of 
corrosion. However, only copper in the dissolved state and zinc in 
the suspended were increased in excess of 0.1 ppb The data from 
these two studies do not indicate higher metal concentrations in 
saline cooling water compared to fresh cooling water and, regardless 
of the type of water, do not indicate that significant increases in 
metals concentrations are occuring because of cooling system 
corrosion 

Data on soluble copper concentrations in the recirculating cooling 
water systems at three plants are summarized in table V-9 The 
soluble copper concentrations in the intake water are also provided as 
a baseline. Copper concentrations increase markedly in the tower 
basin and the drift and increase dramatically in sludge in the tower 
basin (15). Based on this data, it appears that corrosion products 
are more of a problem 1n cooling tower blowdown (tower basin in table 
V-9) than in once-through cooling water discharge. The concentration 
of pollutants (via evaporation) in recirculating systems probably 
accounts for most of the difference in the level of metals observed 
between once-through discharge and cooling tower blowdown 

Products of Chemical Treatment 

Chemical additives are needed at some plants with recirculating 
cooling water systems in order to prevent corrosion and scaling. 
Chemical additives are also occasionally used at plants with once
through cooling water system for corrosion control 

Scaling occurs when the concentration of dissolved materials, usually 
calcium and magnesium containing species, exceeds their solubility 
levels. Solubility levels are influenced by, among other things, 
water temperature and pH The addition of scaling control chemicals 
allows a higher dissolved solids concentration to be achieved before 
scaling occurs; therefore, the amount of blowdown required to control 
s~aling can be reduced Control of scaling is an important plant 
cooling systems operational consideration Severe scaling can 
drastically alter cooling systems fluid flow charac~eristics and 
result in reduced heat transfer, high pressure drops, and other 
undesirable effects 

Chemicals added to once-through cooling water to control corrosion or 
to recirculating cooling water to control corrosion and scaling will 
usually be present in the discharges. A list of chemicals commonly 
used to control corrosion and scaling is presented in table V-10 (17) 
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Table V-7 

ONE YEAR STEADY STATE CORROSION RATES 
FOR ALLOY 706 DETERMINED EXPERIMENTALLY (15) 

New Haven Brackish Water Salt Water 
Tap Water 0.1% NaCl 3 .41o NaCl 

0. 1 mils/yr 0. 1 mils/yr 0. 1 mils/yr 0.2 mi.ls/yr 

at velocity at velocity at velocity at velocity 
of 7 ft/sec of 7 ft/sec of 7 ft/sec of 12 ft/sec 
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Metal 

Cd 

Cr 

Cu 

Ni 

Pb 

Zn 

Table V-8 

SELECTED PRIORITY POLLUTANT CONCENTRATIONS IN 
SEAWATER REFORE AND AFTER PASSAGE THROUGH 

ONCE-THROUGH COOLING WATER SYSTEM (16) 

Median Influent Net Concentration 
Concentration Change ~Ef fluent-Influent2 

(ppo (ppb) 

Dissolved Particulate Dissolved Particulate 

0.06 0.006 0.034 o.oos 
0 .16 0.200 (0.010)* 0.097 

a.so 0.320 0.21 0 .10 

0.44 0 .160 0 .10 0.004 

0 .14 0.24 0.04 0.07 

0.20 Q.48 0.09 0.17 

*Negative value. 

98 



Table V-9 

SOLUBLE COPPER CONCENTRATIONS IN 
RECIRCULATING COOLING WATER SYSTEMS (15) 

Plant 1 Plant 2 
Location of 2 years 1 year 

sam:Ele O:Eeration O:Eeration 

-1?1! E.El>. !?.!! EE£ 
River influEmt 7.0 1 .8 6.95 1 

Tower Basin 6.45 88 6.6 35 

Tower basin mud -* 560,000 -* 670,000 

Tower drift 6.43 76 6.5 34 

*Measurement: not taken. 
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Plant 3 
1 week 

O:Eeration 

lili EE£ 

-* -* 

6.9 75 

-* -* 
... -* _,... 



Table V-10 

COMMONLY USED CORROSION AND SCALING CONTROL CHEMICALS (17) 

Benzotriazole and its sodium salt 
*Chromic Acid 
Nitrilo-tris acetic acid and its alkali metal and ammonium salts 
Organophosphorous Antiscalants including 1-Hydroxyethylidene-1. 

1-diphosphonic acid, Nitrilo-tri (methylenephosphonic acid) 
(and the alkali metal and ammonium salts of each), and 
Polyolphosphate esters of low molecular weight 

Potassium hydroxide 

Sodium bisulfate 

Sodium carbonate 
*Sodium dichromate 

*Sodium chromate 
Sodium hexametaphosphate 
Sodium hydroxide 
Sodium mercaptobenzothiazole 
Sodium molybate 
Sodium nitrate 
Sodium nitrite 

Sodium phosphate (mono-, di-, tri-) 
Sodium silicates 
Sodium tetraborate 
Sodium tripolyphosphate 

Sulf amic acid 
Sulfuric acid 
Tetrasodium pyrophosphate 
Tetrapotassium pyrophosphate 
Ethylenediamine tetra-acetic acid and its alkali metal and 

ammonium salts 
Tolylt:riazole 
*Zinc chloride 
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Table V-lO(Continued) 

COMMONLY USED CORROSION AND SCALING CONTROL CHEMICALS (17) 

*Zinc oxide 
*Zinc sulfate 
Tannins 
Sodium Bore-polyphosphate 
*Sodium Zinc Polyphosphate 
*Calcium Zinc Polyphosphate 
Sodium Acid Pyrophosphate 
Phosphoric acid 
Ethylene diamine tetrakis (methylene phosphonic acid) and its 

alkali metal and ammonium salts 
Hexamethylene diamine tetrakis (methylene phosphonic acid) an4 

its alkali metal and ammonium salts 
Diethylene tr1amine pentakis (methylene phosphonic acid) anQ 

its alkali metal and ammonium salts 
Sodium polystyrene sulfonate and copolymers 

Carbon dioxide 
Monobutyl esters of polyethylene - and polypropylene glycols 
Acrylamide polymers and copolymers 
Polyoxypropylene glycols (min. mol. wt. 1 ,000) 

Sodium carboxymethylcellulose 
Sodium lignos,ulfonates 

Sodium polyacrylates and polyacrylic acids 
Sodium polymethacrylates 
Styrene - maleic anhydride copolymers 
Polyethylenimines 

Sodium citrate 
Alkyphenoxy polyethoxy ethanols 
Dioctyl sodium sulfosuccinate 
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Table V-10 (Continued) 

COMMONLY USED CORROSION AND SCALING CONTROL CHEMICALS (17) 

Poly - (amine-epichlorohydrin) condensates 
Poly - demethyl, diallyl ammonium chlorides 
Poly - (amine-ethylene dichloride) condensates 

NOTE: In many cases either sodium or potassium salts are in use. 

*Indicates that the compound is known to contain a priority 
pollutant. Some of the other compounds may contain or may 
degrade into priority pollutants but no data was available to 
make a definite determination. 
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Those compounds which are priority pollutants are marked with an 
asterisk to lhe left of the compound name Chromium and zinc are the 
active components of most of the popular corrosion inhibitors. Both 
these metals are inorganic priority pollutants The solvent and 
carrier components which may be used in conJunction with scaling and 
corrosion control agents are listed in table V-11 (17) The 
pollutants which were reported as present in recirculating cooling 
water on the 308 data base forms are found in table V-12. In addition 
to the chemicals listed in this table, acrolein and asbestos have been 
reported 

Products of ~bestos Cooling Tower Fill Erosion 

The fill material in natural draft cooling towers is frequently 
asbestos cement Erosion of the fill material can cause discharge of 
asbestos in cooling water blowdown Table V-13 shows the test results 
for detection of asbestos fibers in the waters of 18 cooling systems 
Baseline data on chrysoti1e asbestos concentrations in makeup water 
are also contained in the table Seven of the 18 sites contained 
detectable concentrations of chrysotile asbestos in the cooling tower 
waters at the time of sampling. Most of the samples containing 
detectable chrysotile were samples of basin water Data in the last 
three columns of the table for Site 3 indicate that a settling pond or 
lagoon interposed between the cooling towers and the receiving water 
removes asbestos since it was not detectable in the effluent (4) 

Sampling Proarams Results 

Once-Through Cooling Water Systems 

Three plants that use only once-through cooling water systems were 
sampled during the screening phase of the sampling program. Table V-
14 present trace metal data for these plants from the screening 
program. The duration of chlorination at all three plants did not 
exceed 2 hours per day. Net increases were observed for anti~ony, 
arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, 
thallium, and phenol However, net increases were greater than 10 ppb 
only for arsenic, cadmium, nickel, selenium, and phenol. Only in the 
case of arsenic was the net increase greater than 25 ppb 

• 1 . ' 
Eleven plants with once-through cooling water systems were sampled as 
part of the verification program and the surveillance and analysis 
sampling efforts. The analytical results are presented in Table V-15. 
Four of these plants have estuarine or salt water intakes, and the 
remaining seven plants have fresh water intakes Samples were 
collected only during the period of chlorination The samples were 
analyzed for all the organic priority pollutants except the 
pesticides, and for total organic carbon and total residual chlorine 
Only the organic priority pollutants which were detected are shown 
Analysis for total residual cnlor1ne {TRC) was performed at nine of 
the plants 
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Table V-11 

SOLVENT OR CARRIER COMPONENTS THAT MAY BE USED 
IN CONJUNCTION WITH SCALING AND CORROSION CONTROL AGENTS (17) 

Dimethyl Formamide 
Methanol 
Ethylene glycol monomethyl ether 
Ethylene glycol monobutyl ether 
Methyl Ethyl Ketone 
Glycols to Hexylene Glycol 
*Heavy aromatic naphtha 
Cocoa diamine 
Sodium chloride 
Sodium sulfate 
Polyoxyethylene glycol 
Talc 
Sodium Aluminate 
Monochlorotoluene 

Alkylene oxide - alcohol glycol ethers 

*Indicates that the compound is known to contain a priority 
pollutant. Some of the other compounds may contain or may 
degrade into priority pollutants but no data was available 
to make a definite determination. 
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Table V-12 

POLLUTANTS REPORTED ON 308 FORMS IN COOLING TOWER SLOWDOWN 

Number of Plants 
Compou!!_d Name Reporting Presence 

Antimony and compounds 3 

Arsenic and compounds 2 

Cadmium and compounds 3 

Chlorinated phenols 7 

Chloroform 

Chromium and compounds 36 

Copper and c1::>mpound s 8 

EDTA 6 

Lead and compounds 3 

Mercury and compounds 2 

Nickel and compounds 3 

Pentachlorophenol 9 

Phenol 2 

Selenium and compounds 2 

Silver and compounds 2 

Thallium and compounds 2 

Vanadium 2 

Zinc and compounds 31 
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Table V-13 

ASBESTOS IN COOLING TOWER WA1'ERS (4) 
AuLLstos 1 fiburs/lllcr uf J!.Sl.s..J.ued)• 

Hakeul? Water ifzisf n Water lllo11do1111 Other 
Site Smaplfng Replf- Lo\ler Llnl t Lo11er I lid t Lo\ler lh1lt Lo\le r I lid t 

~ -~!..!!_- Lllteu uf llLtectfon £2!!£.:. of lleteLllon £2!!£.:. uf llelt.L,t~ ~ Sample of Delectlun ~ 

26 tluy 77 6.3xl0 4 11.0.L. 
4 4 

II 8.4x!06 sup B.U.L. 6.3xl06 611p I!. D. L. 

6 Jxl04 
5.2xl o

4 
aed 8 D L. 6.4xl o

4 
acd II D.L. 

b 1!.U.L. 6.Jxl0
6 

uup II I>. I • 6.lxl0
6 

1111p o.u.L 

6 Jxl04 
4. 8xl0

4 
111.J 8 D.I • 6.4xl0

4 
111.d II. D. I • 

c 11. U I. 6 )xl0
6 

Bll(I 8 D L 6 lx!06 Sll(I 8 D I • 
KlxlO seJ 44x106 7. 5xl0 sud 8 D I 

2 26 Huy 77 II 6 Jxl04 I! D L 6 Jxlo4 
llll(l 11.U L. Sec tllng-ponJ 6 lxl o4 sup II D L 

6 effluent 6 

6.Jxl04 
II xi o

4 
11cJ 1:1 U L. 4.9x!0

4 
scd 11.U I 

b 8 D.L 6 )xl0
6 

SU(I B D.L. 6 Jx!0
6 

sup 11.D L 

6 Jxlo4 
9 I xi 11

4 
sed 8 D L 5 6xl o4 sed 8 D L 

c II D L 6 lxl0
6 

sup B D L 6 lx!0
6 

sup 8.D L 
7xl0 st.J 8 D I 4.8x!0

6 scd 8 D L. 
bedlment fro1a 2 lxlO sed 8.D L 

sump 

] 26 Hay 77 8.4x104 4 
8 4xl~ 8 4x104 ...... a 8 D.L 8.4x!06 sup U D.L llUp 8 U L Lagoon effluent 8 U L 

0 5 2xl04 &e1l D D.L 8 4xl04 sed 8 D L 
8.4x!0

4 O'\ b 8 4xl04 8 D L 8 4xl 06 sup 8 D L 8.4xl0
6 sup 0 92xl06 8.D 1 

8 4xl04 
6 4xl0

4 
SLd U D I. 7xl06 St.d 8 D I 

8 4xl04 
c b.D L 8 4xl0 SU(I 8 D L l 6xl0 sup llOxlO& 8 D L 

4 25 tlay 77 4 11.D.L. 6 lxl o: 8 7xl0
4 

I 3xl06 a 8 4xl 06 sup sup 8 D L 
7xl0

4 sc.d 8 D L l.!Oxl04 St.d i 30xl0ll 
4xl0

6 
b 8.4xl0

6 
SU(I 8.D.L 8 4xl0 sup 8 D I l 160xl06 

8 4ll!04 sed B !> L. Ltt 4 Sf'd (0 5% 5 
c 8 4xl 0

6 
sup 8 D L. 8 lxl06 bllp I 9xl06 7xl 0 sup 8 D L 

7xl0 sed 8 D L 140xl0 St.J 78xl09 UI 111.J <o 5r, 

5 13 H.iy 76 a 2xl0
5 O. 5x106 0 5xl0 

6 
II ll L 0 8x!0

6 
8 D L Potdble 11ater 0 12x!06 ll D l 

6 Ot.t 76 57x10
5 5 

57xl0
5 

a 8 D L 57xJ05 8 U L B U L 
Ii 5hl0 8 D L. 

4 
8 4x10 4 4 

6 25 H.iy 77 d 6 3xl0 B.D L 8 D L. 6 3xl 0
6 bUjl B U L 

lx10
4 

8 4x104 
4.0xl0

4 
bt.d B D.L 

b 6 8 U L B lJ L. 6 lxl 06 bllp 8 0 L 

6 lxI04 8 4xl04 
7 Oxl o

5 st.d 8 D L 
c 8 lJ L 8 D L I 5xl0 8 D L 

7 6 Jul 76 a 6 lxl0
5 

8 D L l .26xJ06 B II L. lxl06 6 
2 8 lJ L 8.tsin Wdtec from l .26xl0 8 D L 

MDC.I tlMt cools 
Noc.r blo11Jo1111 

4 
6 3xl0

4 4 5 
7d 15 Aug 77 a 6 lxl o

4 sup 8 D L All ll D L. 6 lxl04 8 II L 2 9xl0
4 

B D L 
b 6 lxl 0 811)1 8 1.l L 6 3xl04 II I) L 6 lxl04 U D I 
c 6 lx104 sup 1:1 I.I. L. 6 3xl0 8 D L. 6 lxlO II D L 



Table V-13 (Continued) 

ASBESTOS IN COOLING TOWER WATERS (4) 

A11bestost fJbers/lJter~LJL.ised)* ------Makeup Water Ba11ln Water Blowdown Other ------
::.tte ::.nmpll ng Repll- Lower I JonJt I ow1.r LJmJt lower l JonJ t Low1.r Limit 

~!. Llate ~ ~ Delectlon Cone. !!.!. Detection ---- Co111.. of Del~ ~ Sample of [)et LC t _!2!!_ Cone 

9 Jul 76 
5 5 B U I Towels had clrcut.1tlng 8 a lxJ05 B 0 L 2xto

5 
b lxlO B U I. lxl05 B D L water but no blowdown 
L lxlO B O.L. (towers not yet on I lne 

9b 
6 6 6 

37xl 0
6 

2 Sep 76 a 88xl06 B U I 88xl 0
6 

B 0 L 8811106 
b 88xJ06 B ll l 88xJ0

6 
B D L 88xl06 B D I • 

L 88xl0 II U.L 88xl0 B LI I 88xl0 II LI 

5 6 6 
10 31 Aug 76 a 4 2xl0

5 
B D L. l6xl06 B 0 L. 26x!0

6 
B D 

b 6 3xl05 B D L 26xl0
6 

ll D I 26xl06 B 0 L 
c 6 3xl0 B LI L l6xl0 B 0 I 26xl0 B U L 

II 15 Aug 77 a 2 3xl04 
B D L 6 38xto6 370xl 0

6 
Settling-bdsln Bx! o5 

8 U L 
(I of 2 

4 330xl06 
effluent 

5xJ0
5 

towers) b 2 5xto
4 

8 U I 6 4 7xl06 2 B ll L 
c 2 9xl0 B 0 L 6 3xl04 B U L 

2 
5 

11 15 Aug 77 a 9xJ0 5 B U L 
~ (lnd of 2 b 2 5xl0 6 B D L 
0 

2l0xl0
6 

...... towers) (. 6 36xl0 

4 5 4 
12 16 Aug /7 " 6 3xl05 B D L 2 5xl05 B D L A&h-pond effluent 6 3xlo4 B U L 

(lluJt ') b 2 3xl0
5 

B D L I 3xJ0
5 

8 0 L 6 3xl05 B u 
towt!r) L I 2xl0 8 U L 5 lxlU 24xl0b 2 BxlO B ll 

2 
5 

12 16 Aug 77 a 5xtn
5 

B U L 
(Unit 4 b 2 3xJ0

5 
8 U L 

l<HJt! r) .. 2 4xJO B U,L 

13 17 tt-b 76 ,, 2xl0 
5 

B D L 2 5xl0
5 

4 3xl0
6 

4 7xl0
5 

B U L Cooling-tower 2 5xl0 
5 

I ~xlOb 
rl1>er 

13 .lB Apr 76 a 4 
4 

7xl0 I 4xlOS 2 5xl0 
~ 

2 5xl0
6 

2 5xl0 
5 

8 u l 
(amphlbole) 

5 
04xl0

6 6 
14'- 7 tidy 76 d 5 9xW5 rnw B D L B U I 04xl0

6 
B D L 

b I 2xl0 Lrtd II U I 04xJ0
6 

B I> L 
c 04x10 B II I 
d 04xJ06 II ll 

4 4 4 4 
15 211 Juu 77 a 6 3xl0

4 
II U L 6 3xJ0

4 B u 6 3xl04 B U L. l'.i rk rese rvo 1 r 6 3x I o
4 

II LI 

b 6 3xJ0
4 

8 U I 6 Jxl0
4 

8 u I 6 3xl0
4 8 D I 6 3xl0 B (I 

L 6 3xl0 B U I 6 3xl0 8 D L 6 3xl0 II u L 

4 4 4 
16 .l6 Aug /7 a 8 4xl o4 sup e.u L 6 3xl04 8U(l II " 111 sd1.irge cnn.il 6 3xl04 blip ll D I 

b 8 4xlU
4 

sup 8 D L 6 'lxl04 llllll B u L 6 3xl04 ..,up 8 0 I 

c 8 4xlll llll(l B D L 6. 3xl 0 sup ll 0 I 6 3xl 0 bllJ> 8 ll I 

IH Ht..d 0 ~;d 



.... 
0 
00 

Slte S1111pllng Repli-
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17 21 Hay 76 a 

17 Aug 76 a 
b 

18 21 Hay 76 a 

Table V-13 (Continued) 
ASBESTOS IN COOLING TOWER WATERS (4) 

A11beato11 1 fibera/iitcr of usla (scJ)* 
Hakeue Water Basin Water Blo11do\ln 

Lower Liia l t Lower Ll111t Lo11er L11dt 
of De~ ~ tl_Det~ ~ of Detection £.!!.!!£!. 

l.2xl05 »5xl06 6xto
4 

ll. ll ••• 6xl0
4 

11. ll. L. 

5 5 
lxl05 8.D.L. lxl05 B.IJ L. 
lxlO B.D.L. lxlO B. D. l • 

5 
I .2xto

5 
1.2xl0 B.D.L. 8.D L. 

Other 
Loyer L11d t 

S11111ele of llt.tectlon ~ 

*Cont.entratlons are listed sa flbers/Uter for bulk wuter sanples (no postscript). In ca11ea where the bulk samples contained appreciable u111011ntb 
of suspended solids, tht. sa1nplea were shuken, allowed to stand 4 hours, and the supernatant analy~ed by electron mlt.roscopy, results are listed 
ln fibers/liter (sup) The sedln1ent was annlyzed either by electron microscopy or light microscopy (I H), the reaul ts of sedh1ent u11.1lyels by 
electron 1111t.rost.opy ure listed as 11g/g (sed), and by Ught u11croscopy as a percent of the 11t.dlment m.1b11 by weight Concentrations {Cone ) below 
detection ll1111ts are indicated by II D.L. Ext.ept us otherwl:.e noted, all abbt.stos was ldentlfled ab chrysotlle 

+aepllt.ulLb laken al a given sampling date 

a~ltt. 7 has four n.itural-drdft towers For basln-yatt.r analyues, two bBmples wert. t.iken fro1n each of lhe four tower basins 
of dt.teLt lon range from 6 lx104 to 3 Oxl05 for all e lght samples 

The lower llml t 

1>-rhe lowt.r llmlt of detection ls reldtlvely high due to high salt content In the water 

Lfllow•lown s,1n1ples ate from1 four separate 'llet.han1ca!-draft towers, one of whlt.h t.ontdlns redwood fill 

d1.hrysot1le w.is found by light mlcrobt.opy lo the sedl111ent 11uspended ln the bulk water sample 
length, In &mull bundles 

Fibers were 2-5 11111 ln diameter, 60-130 11111 in 



Table V-14 

RESULTS OF SC~EENING PROGRAM FOR ONCE-THROUGH COOLING WATER SYSTEMS 

(parts per billion) 

Plant 112512 Plant 113805 Plant 01720 
Comeounds Intal<e Discharge Intake Di.scharge Intake Discharge 

Antimony (5 10 (5 (5 7 (5 

Ar&enic 6 70 (5 (5 18 25 

Beryllium (5 (5 (5 (5 (5 (5 

Cadmium (10 30 (5 (5 (5 (5 

Chromium (5 8 39 (5 24 17 
..... 
0 Copper 22 24 6 5 16 20 ID 

Cyanide (20 (20 (20 (20 20 20 

Ledd (5 (5 19 (5 8 14 

Mercury 0.21 0. 1 7 0.23 0.32 0.42 0. Li2 

Nickel 7 25 (5 (5 29 26 

SelE:!nium 35 58 1 1 (5 20 18 

Silver (5 <S 12 (5 (5 (5 

Thdllium (5 13 (5 <S (5 (5 

Zinc (5 (5 (5 (5 42 26 

Phenol 100 100 (10 (10 30 so 



Plant 
Code 

2718 

1716 

I-" 
I-" 
0 

3414 

4826 

Table V-15 

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE AND 
ANALYSIS REPORTS FOR ONCE-THROUGll COOLING WATER SYSTEMS 

Pollutclnt Con<.entration Ceeb) 
Intake Dis<.harge 

Zin<. 340 
Total Dissolved Solids 230,000 380,000 
Total Suspended Solids 3,000 4,000 
Totcll 0(ganic Carbon 11,000 17,000 
Total Residual Chlorine D ( 10 20/20/20/20 
1,1,2,2-Tetrclchloroethane 5 5 

Totdl Dis&olved Solids 250,000 360,000 
Total Suspended Solids 7,000 10,000 
Total Organ!<. Cdrbon 34,000 15,000 
Phenoli<.s, 4AAP 12 7 
Totdl Residudl Chlorine D ( 10 400/7100/5100/D(lO 

2,4-Di<.hlorophenol ND 4/8 
Total Dissolved Solids 23,000,000 2t.,OOO,OOO 
Total Suspended Solids 16,000 8,000 
Total Orgclni<. Carbon 25,000 26,000 
Phenolics, 4AAP 15 7 
Total Residual Chlorine D ( 10 250/320/310/280 

1,2-Di<.hlorobenzene ND 30 
Totcll Di&solved Solids 12,200,000 12,300,000 
Total Suspended Solids 17,000 21,000 
Totcll Organi<. Carbon 12,000 30,000 
Phenoli<.s, 4AAP n 18 0 

Total Residual Chlorine D ( 10 1200/2000/1900/800 
1,2 or 1,3 or 1,4 Di<.hlorobenzene 18 



..... 

..... 

..... 

Plant 
Code 

1245 

1002 

Table V-15 (Continued) 

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE AND 
ANALYSIS REPORTS FOR ONCE-THROUGH COOLING WATER SYSTEMS 

Pollutant 

Total Dissolved Solids 
Total Suspended Solids 
Total OrgdttiL Carbon 
Plurnol i<..s, 4AAP 
Totdl Residual Chlorine 

Bromoform 
Chlorodibromomethane 
Bis(2-Ethylhexyl) Pthalate 
BHC(Linddne)-Gamma 
Antimony, Total 
Cadmium, Total 
Chromium, Total 
Copper, Totdl 
Ledd, 'fotdl 
MerLury, Totdl 
Ni<..kel, Totdl 
bllver, Totdl 
ZinL, Total 
Total Di&bolved Solids 
Totdl Suspended Solid& 
Total OrganiL Carbon 
Total Re&idual Chlorine 
Free Residudl Chlorine 
Iron, Total 

Con<..entration (ppb) 
Intake-

35,00(),000 
6,000 

14,000 
D < ~ 

D < 10 

ND 

420 

16 
17 
13 
22 
10 

120 
30 
32 

11,488,000 
38,400 

8,150 
0/0/200/300/400/540/900 
200/1000/700/500/700/300/500 

600 

Dis<..harge 

33,000,000 
14,000 
25,000 
D < 5 

D(lO/ lOO/ 120 

31 
2.6 

D ( 0.1 
14 
16 
14 
24 
11 

1 
120 

36 
24 

13,437,000 
49,800 

7,930 
800/310/200/250/170/150/150 
500/600/180/200/250/170/150/150 

760 



..... 

..... 
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Table V-15 (Continued) 

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE AND 
ANALYSIS REPORTS FOR ONCE-THROUGH COOLING WATER SYSTEMS 

Plant 
Code Pollutant Concentration 

Intake 

1742 Cadmium, Total (Dissolved) 40(5) 
Chromium, Total (Dissolved) 24/20(ND/30)* 
Copper, Total (Dissolved) 21/20(ND/9)* 
Lead, Total (Dissolved) 9/ND(20(ND/90)* 
NiLkel, Total (Dissolved) 17/ND<5(ND/40)* 
Silver, Total (Dissolved) (ND/10)* 
Zinc., Total (Dissolved) ND/70(30/ND(60)* 
Total Dis~olved Solids 340,000 
Total Suspended Solids 100,000 
Total Organic Carbon 10,000 
Aluminum, Total 2,000 
Barium, Total (Dissolved) 60(30) 
Boron, Total (Dissolved) 90(200) 
CalLium, Total (Dissolved) 51,000(44,000) 
Cobalt, Total 10 
Mdnganese Total 200 
Magnesium, Totdl (Dissolved) 23,000(22,000) 
Molybdenum, Total 9 
Phenol ks, 4AAP 6 
Total Residual Chlorine 
Sodium, Total (Dissolved) 21,000(20,000) 
Tin, Total 30 
Titanium, Total 40 
Iron, Total 4,000 
Vanadium, Total (Dissolved) ND/ND<IO(ND/10)* 

*These multiple results represent analyses by multiple analytic.al labs. 
()Values in parentheses indiLate dissolved fraLtions. 

<eeb> 
Disc.harge 

1,200,000 
90,000 

9,000 

260 
330/890/800/860 



Table V-15 (Continued) 

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE AND 
ANALYSIS REPORTS 1''0R ONCE-THROUGH COOLING WATER ~YSTEMS 

Plant 
Code Pollutant 

2608 Benzene 

2-Chloronaphthalene 
Chloroform 

1,1-UiLhloroeLhylene 
Ethylben.lene 

, Methylene -Chloride 
Hromoform 
Phenol (GC/MS) 
Hutyl Ben.lyl Phthalate 
Di-N-Hutyl Phthalate 
Toluene 

TriLhloroethylene 
Antimony, Total 
ArbeniL, Totdl 
Chromium, Total 
Copper, Totdl 
MerLury, Total 
Selenium, Total 
ZinL, Total 
Totdl Disbolved Solids 
Total OrgdniL Carbon 
Hdrium, Totdl 
Cah.iurn, Total 
Mangane&e ~ Total 

Intake 

ND 

ND/26* 
ND 
D < 10 

7 
3 

13 
7 
1.2 

ND < 2 
ND < 60 

229,000 
6,000 

10 
39,600 

53 

ConLentration (ppb) 
DisLharge 

Chlorinated 

30/70/100/50/ND/1000 

D<lO/ND 
D(8/10/D(l0/0(9/D(8/D<8 

ND/10/ND/40/ND/D<lO 
ND/ND/ND/ND/ND/D<lO 
210/350/10/100/ND/370 
ND/ND/ND/ND/ND/ND 
ND/17* 

120 
10 

ND/ND/ND/ND/ND/D<lO 

D(l0/D(l0/D(l0/ND/D(l0/ND 
3 
3 

13 
9 
0.7 
3 

ND < 60 
225,000 

6,000 
13 

42 ,200 
71 

~These multiple results represe0t analyses by multiple cmalytical labs. 
()Values in parenLhe&es indicate dis&olved fraLtions. 

Dechlorinated 

D(lO/D<lO/D(l0/40/D(lO/D<lO 
D<l0/130/D<lO 

, ND 
D(6/4/D(l0/D<5/D(l0/D(6.5 
D(6/D0/10 
ND/ND/ND/D<lO/ND/ND/NU/ND/ND 
ND/ND/D<lO/D(lO/ND/ND/ND/D(lO/ND 
106/190/240/40/100/20/207140/50 
ND/ND/D<lO/ND/ND/ND/ND/ND/ND 
ND/11* 
ND 
D ( 10 
ND/ND/D<lO/D<lO/ND/ND/ND 
D<lO/ND 
ND/ND/ND/ND/ND/D(lO/ND/ND/ND 

5 
6 

12 
11 

ND < 0.1 
ND ( 2 

64 
222,000 

6,000 
11 

42,200 
.D9 



Table V-15 (Continued) 

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE AND 
ANALYSIS RF.PORTS fOR ONCE-THROUGH COOLING WATER SYSTEMS 

Plant 
Code Pollutant Concentration (ppb) 

2608 Magnesium, Total 
(Cont) Total Resdual Chlorine 

Sodium, Total 

2603 

Iron, Tot;tl 

Benzene 
1,1,l-Trichloroethane 
Chloroform 
1,1-Dichloroethylene 
Ethylbenzene 
Methylene Chloride 
Pentachlorophenol 
Phenol (GC/MS) 
Bis(2-ethylhexyl) Phthalate 
Butyl Benzyl Phthalate 
Di-N-Butyl Phthalate 
Diethyl Pnthalate 
Tetra~hlete ethylene 
Trichloroethylene 
Arseni~, Total 
Chromium, Total 
Copper, Total 
Mercury, Total 
Nickel, Total 
Silver, Total 
Zinc, Total 
Total Dissolved Solids 
Total Organic Carbon 

Intake 

13,100 

D<l5,000 
248 

D ( 10 
ND 
D ( 10 
ND 
ND 
D < 10 
ND 
ND/9* 
D < 10 
D < 10 
D ( 10 

50 
D < 10 
D < 10 
ND < 2 

10 
22 
0.2 
8 

ND < 1 
88 

292,000 
9,000 

Chlorinated 

13,000 
0/40/40/40 
15,000 

D ( 10 
ND 
D < 10 
ND 
ND 

20 
D < 10 
4/ND* 
D < 10 
ND 

20 
20 

D < 10 
D < 10 
ND < 2 

13 
23 
0.1 

ND ( 5 
ND < 1 

68 
271,000 

6,000 

*These multiple results represent analyses by multiple analytical labs. 
()Values in parentheses indicate dissolved fra~tions. 

Discharge 
Dechlorinated 

13,000 
0/0/0/0 

23,000 

D ( 10 
D < 10 
D < 10 
D < 10 
D < 10 

35 
ND 
4/D < 10* 
D < 10 
ND 
D < 10 
D < 10 
D < 10 
D < 10 

3 
11 
22 
0.1 

ND < 5 
2 

ND < 60 
247,000 

6,000 
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Table V-15 (Continued) 

SUMMARY OF DATA FROM THE VERU'ICATION PROGRAM AND EPA SURVEILLANCE AND 
ANALYSIS REPORTS FOR ONCl.!.-TUROUGH COOLING WATER SYSTEMS 

Plant 
Code Pollutant 

2603 
(Cont) 

2607 

Aluminum, Total 
Barium, Total 
Boron, Total 
Calcium, Total 
Mdnganese, Total 
Magnesium, Total 
Total Residual Chlorine 
Sodium, Totdl 
Tin, Total 
Titanium, Total 
Iron, Total 
Free Residual Chlorine 

Benzene 
Chlorofonn 
1,1-DiLhloroethylene 
Methylene Chloride 
Phenol (GC/MS) 
IHi:.(2-ethylhexyl) Phthalate 
Di-N-Butyl Phthalate 
Toluene 
Tr1Lhloroethylene 
Ari:.eniL, Total 
Chromium, Total 
Copper, Total 

Intake 

497 
17 

ND ( 50 
48, 700 

65 
15,300 

23,600 
36 
18 

842 

20 
ND 

10 
ND 
ND/D<lO* 
D ( 10 
D ( 10 
D < 10 
ND 

5 
7 

14 

Concentration <Eeh) 
Dibl.har~e 

Chlorinated 

445 

140 
45,300 

61 
13,900 

D(30/200/240/270/300 
20, 700 

ND < 5 
ND ( 15 

715 
40/140/10 

D ( 10 
D ( 10 
ND 

10 
ND/D(lO* 
D ( 10 
NO 
ND 
D ( 10 

5 
10 
14 

*These multiple results represent analy&es by multiple analytical labs. 
()Values in parentheses indicate dissolved fraLtions. 

Dechlorinated 

689 

53 
44,900 

65 
14,000 

D(30/D(30/D(30/110/D(30 
18,300 

ND < 5 
20 

921 

20 
ND 
ND 

10 
ND/0(10* 
D ( 10 
D ( 10 
D ( 10 
ND 

4 
7 

14 



..... 

..... 

°' 

Table V-15 (Continued) 

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE AND 
ANALYSIS REPORTS FOR ONCE-TllROUGll COOLING WATER bYSTEMS 

Plant 
Code Pollutant ConLentration (ppb) 

2607 
(Cont) 

Selenium, Total 
Thallium, Total 
Zinc, Total 
Total Dissolved Solids 
Total OrganiL Carbon 
Alwninum 1 Total 
Barium, Total 
Boron, Total 
Calcium 1 Total 
Mdnganese, Total 
Magnesium, Total 
Molybdenum, Total 
Total Rt!sidudl Chlorine 
Sodium, Total 
Titanium, Total 
Iron, L'otal 

5513 Benzent! 
Benzidene 
11 1,1-TriLhloroethane 
Chloroform 
1,2-DiLhlorobenzene 
2,4-DiLhlorophenol 
Ethylbenzene 
Methyl Chloride 
Bis(2-ethylhexyl) Phthalate 
Di-N-Butyl Phthalate 

Intake 

3.8 
3 

ND< 60 
260,000 

14,000 
2,440 

32 
70 

44,800 
98 

14, 200 
ND ( 5 

20,500 
51 

2,560 

ND 
ND 
ND 
ND 
ND 

40 

D ( 10 
50 

D ( 10 
D < 10 

Chlorinated 

8.3 
ND ( 2 
ND < 60 
263,000 

9,000 
2, 180 

31 
56 

35,400 
86 

11, 700 
10 

0/0/0/0/0/0 
15,500 

58 
2,260 

ND/30/40 
ND/D<lO/ND 
ND/20/10 
ND/D<lO 
l/ND 
ND 
400/50/50 
ND 

10 

*These multiple results represent analyses by multiple analytical labs. 
()Values in pdrenthebes indiLate dissolved fraLtions. 

DisLharge 
Dechlorinated 

2.7 
ND ( 2 

73 
294,000 

6,000 
2,090 

31 
89 

43,400 
97 

13, 700 
ND ( 5 
0/0/0/0/0/0 

19,800 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

58 
2,340 

10 



Table V-15 (Continued) 

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE AND 
ANALYSIS REPORTS FOR ONCE-THROUGH COOLING WATER SYSTEMS 

Plant 
Code Pollutant Concentration (ppb) 

5513 
(Cont) 

Toluene 
Tric...hloroethylene 
Antimony, Total 
Arsenic..., Total 
Chromium, Total 
Copper, Total 
Cyanide, Total 
Lead, Total 
Merc...ury, Total 
Selenium, Total 
Silver, Totdl 
.COD 
Totdl Disbolved Solids 
Total Suspended Solids 
Totdl Organic... Carbon 
Aluminum, Total 
Sdrium, Total 
Boron, Total 
Calc...ium 
Cobdlt, Totdl 
Mdnganese, To tell 
Mdgnesium, Total 
Molybdenum, Total 
Phenolic...b, 4AAP 
Sodium, Totdl 
Tin, Total 
Titanium, Totdl 
Iron, Total 
Totdl Solids 

Intake 

ND 
ND 

10 
4 

19 
8 

10 
ND< 20 

1 
3 

ND < 1 
35,000 

545i;OOO 
10,000 
13,000 

283 
24 
83 
84 

D < 5 
66 

33,000 

13 
49,000 

30 
ND < 15 

675 
612,000 

Chlorinated 

ND/NU/D<lO 
ND/ND/D<lO 

10 
NU < 10 

25 
11 

ND < 5 
34 
0.8 

ND < 2 
3 

33,000 
526i;OOO 

10,000 
14,000 

245 
18 
51 
73 

D < 5 
63 

30,200 
16 
15 

35,000 
ND < 5 

19 
537 

*These multiple rebults represent analyses by multiple analytic...al ldhs. 
()Valueb in parenthebes indic...ate dissolved frac...tions. 

Dis<..harge 
Dec...hlorinated 

ND 
ND 

9 
4 

24 
10 

ND < 5 
41 

1. 9 
3 

ND < l 
33,000 

506i;OOO 
10,000 
14,000 

289 
21 
50 
76 

D < 5 
62 

30,900 
14 
19 

39,700 
ND < 5 

18 
646 



The data in rabl~ J-15 indicate that there were net increases in all 
of the following compounds: total dissolved solids, total suspended 
solids, total organic carbon, total residual chlorine, free available 
chlorine, 2,4-dichlorophenol, 1,2-dichlorobenzene, phenolics, 
chromium, copper, lead, mercury, silver, iron, arsenic, zinc, barium, 
calcium, manganese, sodium, methylene chloride, aluminum, boron and 
titanium. However, the net increase was greater than 10 ppb only for 
1,2-dichlorobenzene, total phenolics, lead, zinc, and methylene 
chloride. Only for 1,2-dichlorobenzene and total phenolics were the 
increases greater than 25 ppb, and in one case an increase of slightly 
more then 250 ppb was observed for total phenolics. 

Recirculating Cooling Water Systems 

Four powerplants with cooling towers were sampled at intake and 
discharge points during the screening phase of the sampling program. 
The results of the priority pollutants analyses of these samples are 
presented for each plant in table V-16 The metal, organic (other 
than the volatile organics), and asbestos samples were 24-hour 
composites. 

Eight powerplants with cooling towers were sampled at intake and 
discharge points during the verification sampling program. As noted 
in table V-2, plants using fresh, salt or brackish water included. 
The results of the verification sampling program for cooling tower 
blowdown are presented in table V-17. 

The data presented in tables V-16 and V-17 indicate that there was a 
net increase from the influent concentration to the effluent 
concentration for the following compounds: trichlorofluoromethane, 
bromoform, chlorodibromomethane, bis(2-ethylhexyl) phthalate, 
antimony, arsenic, cadmium, chromium, mercury, nickel, selenium, 
silver, thallium, benzene, tetrachloroethylene, toluene, copper, 
cyanide, lead, zinc, chloroform, phenol, asbestos, total dissolved 
solids, total suspended sol1ds, total organic carbon, total residual 
chlorine, 1,2-dichlorobenzene, 2,4-dichlorophenol, boron, calcium, 
magnesium, molybdenum, total phenolics, sodium, tin, vanadium, cobalt, 
iron, chloride, 2,4,6-trichlorophenol, and pentachlorophenol It must 
be recognized, however, thal recirculating cooling systems tend to 
concentrate the dissolved solids present in the make-up water and, 
thus, a blowdown stream with many different compounds showing con
centration increases is to be expected. Of the priority pollutants 
detected as net discharges, the concentration increase was greater 
than 10 ppb only for bis(2-ethylhexyl) phchalate, cadmium, chromium, 
nickel, selenium, silver, toluene, copper, cyanide, lead, zinc, 
phenol, 1,2-dichlorobenzene, total phenolics, and 2,4,6,-trichloro
phenol. Net increases of greater than 25 ppb were observed for all of 
the following: bis (2-ethylhexyl) phthalate, cadmium, chromium, 
nickel, selenium, silver, toluene, copper, cyanide, lead, zinc, 
1,2-dichlorobenzene, and 2,4,6-trichlorophenol. The net concentration 
increase exceeded 100 ppb only for bis (2-ethylhexyl) phthalate, 
cadmium, chromium, copper, cyanide, lead, and zinc 
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Table V-16 

RESULTS OF THE SCREENING PHASE OF THE 
:SAMPLING PROGRAM FOR COOLING TOWER BLOWDOWN 

Pollutant 

Benzene 
Chloroform 
1 ,4-Dichlorobenzene 
1 ,1-Dichloroethylene 
Methylene Chloride 
Trichlorofluoromethane 
Bromoform 
Chlorodibromomethane 
Phenol 
Bis(2-Ethylhexyl) Phthalate 
Di-N-Butyl Phthalate 
Toluene 
Antimony, Total 
Arsenic, Total 
Cadmium, Total 
Chromium, Total 
Copper, Total 
Lead, Total 
Mercury, Total 
Nickel, Total 
Selenium, Total 
Silver, Total 
Thallium, Total 

Plant 3404 

Concentration (ppb) 
Intake Discharge 

3/1 1 I 1 
ND < 1 
1 I 1 2/ND(1 
20/1 10/4 
ND < 1 
ND(1/ND<1 4/4 
ND(1 /ND(1 3/3 
ND(1/36 1/(10 

1 1 62 
4 ND < 1 

3/3 6/2 
11 14 
<5 8 
15 40 
16 23 
25 13 
5 <5 
0.34 0.58 

21 29 
55 87 
40 64 
<5 9 

t,: 119 



Table V-16 (Continued) 

RESULTS OF THE SCREENING PHASE OF THE 
SAMPLING PROGRAM FOR COOLING TOWER BLOWDOWN 

Pollutant 

Methylene Chloride 
Phenol 
Toluene 
Benzene 
Chloroform 
Tetrachloroethylene 
Toluene 
Antimony, Total 
Arsenic, Tot:al 
Cadmium, Tot:al 
Chromium, Total 
Copper, Total 
Cyanide, Total 
Lead, Total 
Mercury, Total 
Nickel, Total 
Selenium, Tot:al 
Silver, Total 
Zinc, Total 

Plant 0631 

Concentration (ppb) 
Intake Discharge 

20.6 
39/20 

24.4 
ND < 1 

5.7 
ND < 1 

47.8 
<S 
<5 
10 
37 
25 

120 

130 
<5 

0.41 
8 

<5 
9 

41 

15.0 
34/40 

21 
1.5 

ND < 1 
1 

1 1 5 
6 

13 
25 
75 

150 
360 

1 7 
0.91 

100 
23 
32 
67 



Table V-16 (Continued) 

RESULTS OF THE SCREENING PHASE OF TiiE 
SAMPLING PROGRAi.'1 FOR COOLING TOWER BLOWDOWN 

Pollutant 

Benzene 
1,2-Dichloroethane 
1 ,1 ,1-Tri.chloroethane 
Chloroform 
1 ,4-Dichlorobenzene 
Methylene Chloride 
Phenol 
Bis ( 2-EthylhE~xyl) Phthalate 
Di.ethyl Phthalate 
Toluene 
Cis 1 ,2-Di.chloroethylene 
Ethylbenzene 
Antimony, Total 
Arsenic, Total 
Asbestos (fibers/liter) 
Chromium, Total 
Copper, Total 
Cyanide, Total 
Lead, Total 
Mercury, Total 
Nickel, Total 
Selenium, Total 
Silver, Total 
Thallium, Total 

Plant 2414 

Concentration (EEb) 
Intake Discharge 

2/ 1 .3 2/1 
2 ND < 1 
1 ND < 1 
2 3 
1 ND (1 

2/1 3/ND(l 
10 25 

105 262 
5 ND < 1 

1I1 7/10 
10/15 20/ND(l 

1 1 
<S 7 

5 9 
28,400 147,000 

<5 1 1 
21 70 

(20 so 
7 8 
0.88 1 .02 
8 58 

15 22 
45 65 

6 5 
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Table V-16 (Continued) 

RESULTS OF THE SCREENING PHASE OF THE 
SAMPLING PROGRAM FOR COOLING TOWER BLOWDOWN 

Pollutant 

Chloroform 
1,1-Dichloroethylene 
Methylene Chloride 
Bromoform 
Trichlorofluoromethane 
Chlorodibromof orm 
Phenol 
Bis(2-Ethylhexyl) Phthalate 
Di-N-Butyl Phthalate 
Diethyl Phthalate 
Tetrachloroethylene 
Toluene 
1,4-Dichlorobenzene 
Bromodichloroethylene 
Antimony, Total 
Chromium, Total 
Copper, Total 
Cyanide, Total 
Mercury, Total 
Nickel, Total 
Selenium, Total 
Zinc, Total 

Plant 4836 

Concentration ~E~b) 
Intake Disc arge 

9/6 ND<1/1 
ND<1I1 1 I 1 
49/8 4/4 

1 ND < 1 
ND < 1 1 
1 I 1 ND<1/ND<1 

3 1 
ND < 1 1 

1 ND < 1 
2 ND < 1 

1/2 ND<1/ND<1 
6/3 3/3 

1 ND < 1 
2 ND< 1 

<5 10 
6 11 
8 95 

62 75 
0. 15 0.29 
6 10 

<5 8 
23 19 

122 
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Plant 
Code 

2718 

Table V-17 

SUMMARY OF RESULTS OF VERIFICATION PROGRAM FOR RECIRCULATING COOLING WATER SYSTEMS 

Pollutdnt ConLentration (ppb) 
Intake Di sd1arge 

2,4-Dichlorophenol 3 ND 
PentaLhlorophenol 4 ND 
Cadmium, Total 8 4 
Chromium, Total ND/400* ND/300* 
Copper, Totdl 14/10 53/20 
Ledd, Total NU < 20 40 
NiLkel, Totdl ND/200* ND/124* 
Thdl hum, Total 20 20 
1otdl D1s&olved Solid& 370,000 27,000,000 
Totdl ~uspt!nded Solids 2,000 17,000 
Total OrgdniL Cdrbon 9,000 46,000 
Harium, Told! 100 100 
Boron, Totdl 80 ND < 50 
CdlLium, Totdl 59,000 35,000 
Cobcilt, Toldl 10 10 
Mdngdne&e, Total 60 60 
Mdgne&ium, Total 33,000 20,000 
Molybdenum, Total 20 20 
PhenoliL&, 4AAP ND < 5 
Totdl Re&idual Chlorine ND ( 10 350/280/90/10 
Sodium, Told} ND ( 15,000 ND < 15,000 
Tin, Total 30 30 
Tttdnium 20 20 
lron, Totdl 2,000 1,000 
1,1,2,2-TetrdLhloroethdne ND ( 5 

*The&e multiple result& repre&ent analyses by multiple analytiLal labs. 
()Vdlues in pdrenthe&es indiLate di&solved fraLtlon&. 



Plant 
Code 

1245 

Table V-17 (Continued) 

SUMMARY OF RESULTS OF VERIFICATION PROGRAM FOR RECIRCULATING COOLING WATER SYSTEMS 

Pollutant 

1,2-Dichlorobenzene 
2,4-Dichlorophenol 
PentdLhlorophenol 
Cadmium, Totdl 
Chromium, Total 
Copper, Total (Dissolved) 
NiLkel, Total 
Silver, Total 
Total Dibsolved Solids 
Totdl Suspended Solids 
Total OrganiL Carbon 
Boron, Totdl 
Cdldum, Total 
Mdnganebe, Total 
Mdgnesium, Total 
Molybdenum, Total 
PhenoliLb, 4AAP 
Totdl Res1dudl Chlorine 
Sodium, Total 
fin, Totdl 
Vdnddium, Total 

ConLentration (ppb) 
Intake DisLharge 

ND 26 
3 8 

4 
ND< 2 5 
83/20* 55/"-0* 
12/ND(6* 70/30* 
ND/ND(5* ND/10* 
ND ( 1 2 

900,000 2,240,000 
2,000 4,000 

22,000 76,000 
500 2,000 

53,000 140,000 
8 ND < 3 

22,000 48,000 
ND < 5 40 

7 20 
1,170 0/0/0/0/0 

170,000 350,000 
ND < 5 30 
ND < 3 10 

*These multiple results represent analyses by multiple analytiLal labs. 
()Value& in p<1.renthebes indic..ate dissolved fraLtion::,. 



Plant 
Code 

1226 

Table V-17 (Continued) 

SUMMARY OF RESULTS OF VERIFICATION PROGRAM FOR RtCIRCULATING COOLING WATER SYSTEMS 

Pollutant 

Chloroform 
Bromoform 
DiLhlorobromomethane 
Chlorodibromomethane 
Antimouy, Total 
ArbeniL, Totdl 
Cddmiuru, Totdl 
Chromium, Totdl 
Copper, Total (Dissolved) 
Le<ld, Totdl (Dissolved) 
MerLury, Totdl 
NiLkel, Totdl (Dissolved) 
Silver, Total 
ZinL, Total (Dissolved) 
Total Dissolved Solids 
Totdl Subpended Solids 
Total Organic Carbon 
Aluminum, Totdl (Disbolved) 
Bdriuru, Total (Dissolved) 
Boron, Total 
CdlLlum, Total (Disbolved) 
Cobalt, Totdl 
Mdngdnese, Total (Dissolved) 
Mdgnebium, Totdl (Dissolved) 
Phenol ks, 4AAP 
Totdl Residudl Chlorine 
Sodiwn, Totdl (Dissolved) 

Concentration (ppb) 
Intake D1b<..harge 

ND/7* 
ND/3* 
2. l/ND<2* 
ND/7 /7* 
10/12/ 10*(10) 
12/10/ND(20*(7/ND/20)* 
ND(l/0.5* 
27/l.5/ND<5*(29/ND*) 
ND/l.3/ND<l* 
ND/9/70*(50/ND<60)* 

190,000 
14,000 
10,000 

700(100) 
20(20) 

ND ( 50 
6,900(0(5000) 

7 
200(200) 

ND 

,, , 500( 5000) 
12 

33,000(36,000) 

() < 1 

ND/4* 

154 
8.2 

58.5 
7 

l .8/ND<2* , 
28/5/20* 
47/50* 
3/ND(20* 

0.2 
6/6/ND(5* 
0.7/ND(l* 
50/26/ND(60* 

1,050,000 
8,000 

11,000 
400 

20 
60 

6,900 
8 

100 
4,900 

B 
D(l0/0(10/D(l0/D(l0/D(l0/D(l0/90/D<IO 

210,000 

*These multiple results represent analyses by multiple analytiLal labs. 
()Values in parenthebes indicate dissolved fraLtions. 



Plant 
Code 

1226 
(Cont'd) 

4251 

Table V-17 (Continued) 

SUMMARY OF RESULTS OF VERU'ICA'fION PROGRAM FOR RECrnCULATING COOLING WATER SYSTEMS 

Pollutant 

Titanium, Total 
Iron, Totdl (Dissolved) 
Vdnddium, Total 
Lead (Dissolved) 

1,2-DiLhlorobenzene 
2,4-DiLhlorophenol 
Cadmium, Totdl 
Chromium, Totdl 
Copper, Totdl 
Lead, Total 
Nickel, Totdl 
ZinL, Total 
Total Dissolved Solids 
Total Suspended Solids 
'fotdl OrgdniL Carbon 
Bdrium, Total 
Boron, Total 
Calcium, Total 
Cobdlt, Total 
Manganese, Total 
Mdgnesium, Total 
Molybdenum, Total 
Phenol!(.&, 4AAP 
Total Residual Chlorine 

Sodium, Total 
Iron, Totdl 

ConLentration (ppb) 
Intake DisLharge 

20 
2,000(1,000) 

ND/40/ND(lO* 
(7/ND(20*} 

ND 
11 

9 
42/500* 
55/20* 

30 
24/200* 
340/ND(60* 

227,000 
10,000 
34,000 

40 
60 

29,000 
10 

200 
7,600 

20 
16 

D ( 10 

17,000 
2,000 

20 
3,000 

27/ND<lO 

ND 
ND ( 2 
10/10* 
81/40* 

20 

ND ( 20 
42/10* 
40/ND(60* 

430,000 
53,000 
15,000 

70 
ND/53,000* 
ND ( 5 

70 
8,900 

ND ( 5 
8 

100/4100/6500/6200/5200/4300/3950/ 
3400/2800/2500/2000/1550/1300/750 

52,000 
300 

*These multiple re&ults represent analyses by multiple analytical labs. 
()Vdlues in pdrentheses indicate dissolved fraLtions. 



Table V-17 (Continued) 

SUMMARY OF RESULTS OF VERIFICATION PROGRAM 1"0R RECIRCULATING COOLING WATER SYSTEMS 

Plant 
Code Pollutdnt Concentration (ppb) 

3404 1,2-DiLhlorobenzene 
2,4-DiLhlorophenol 
PentdLhlorophenol 
Cddmium, Total 
Chromium, Total 
Copper, Total 
Lead, Total 
NiLkel, Totdl 
Silver, Total 
Total Dissolved Solids 
Total Suspended Solids 
Total OrganiL Carbon 
Aluminum, Total 
Boron, Total 
CdlLium, Totdl 
Cobdlt, Totd 1 
Mclnganese, Total 
Molybdenum, Total 
PhenoliLs, 4AAP 
Totdl Rebidual Chlorine 
Sodium, Tot ell 
Tin, TotJl 
Titdnium, Totcll 
Iron, Total 
Vanddium, Total 

Intake 

18 
12 
12 

100 
78/800* 
33/ND<60* 

500 
34/100* 

40 
26,000,000 

110,000 
26,000 
2,000 
4,000 

340,000 
ND ( 50 

200 
80 

5 
NU<lO/ND<lO/ND(lO/ND<lO 
6,000,000 

300 
200 

4,000 
200 

*These multiple results represent analyses by multiple analytiLal labs. 
()Values in parentheses indicate dissolved fraLtionb. 

Disd1arge 

ND 
8 
4 

200 
110/1000* 
24/60 

800 
78/1.00* 

80 
34,000,000 

90,000 
9,000 
2,000 
4,000 

460,000 
80 

100 
100 

230/190/390/170 
7,000,000 

500 
200 

4,000 
200 
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Table V-17 (Continued) 

SUMMARY OF RESULTS OF VERIFICATION PROGRAM FOR RECIRCULATING COOLING WATER SYSTEMS 

Plant 
Code Pollutant --~~~-C_o_ncentration (ppb) 

5409 Benzene 
Carbon TetrdLhloride 
Chloroform 
1,2-DiLhlorobenzene 
D!Lhlorobro~o~ethane 

Chlorodibromomethane 
Toluene 
'l'ridiloroethylene 
Cadmium, Total 
Chro111ium, Total 
Copper, Totdl (Dissolved) 
Cydnide, Totdl 
Ledd, Totdl (Dissolved) 
MerLury, Totdl 
NiLkel, Total 
Selenium, 'l'otdl 
Sll ver, Total 
Thdllium, Total 
Zinc, Totdl (Di&solved) 
Totdl Subpended Solids 
Total OrgdniL Cdrbon 
Chloride 
Vdnddium, Total 
1.3 dud 1,4-DiLhlorobenzene 

Intake 

2.4 
D < l 

1 .. 4 
5.3 

2 
4 
1.4 

ND < 2 
27 

15,000 
8 

ND < 0.2 
1. 7 
2 
1.6 

ND < 1 
15 

5 
20,000 

13 
2.4 

*These multiple results represent dqdlybes by multiple analytical labs. 
()Values in pdrentheses indiLdte dissolved fraLtions. 

Disc.barge 

1.5 

2.4 

2.6 
D < 1 

4 
1 

37 
3,800(620) 

5 
130(70) 

1 
4 

ND < 2 
14 

8 
290(61) 

460,000 
21,000 

110, 000 
17 
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Table V-17 (Continued) 

SUMMARY OF RESULTS OF VERIFICATION PROGRAM FOR RECIRCULATING COOLING WATER SYSTEMS 

Plant 
Code Pollutant Concentration (ppb) 

5604 Benzene 
Toluene 
Antimony, Total 
Ari:.eniL, Total 
Chromium, Total 
Copper, To tell 
Cyanide, Total 
Ledd, Total 
Nh.kel, Total 
Selenium, To tell 
Silver, Total 
linL, Total 
Total Su&pended Solids 
Total Organh. Carbon 
(,hloride 
Vanddium, Total 

Intake 

1. 2 
9.1 
4 

ND < l 
ND < 2 

700 
4 
6 

ND < 0.5 
2 

ND ( 3 
53 

5,500 
14,000 

11 

*These multiple re&ults represent analyses by multiple analytical labs. 
()Values Jn parenthe&es indicate dissolved fractions. 

Dist..narge 

D < 1 
23.5 

5 
7 
2 

180 
3 

ND < 3 
6 

ND < 2 
3 

780 
42,000 
14,000 
54,000 

24 
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Plant 
Code 

4602 

Table V-17 (Continued) 

SUMMARY OF RESULTS OF VERIFICATION PROGRAM FOR RECIRCULATING COOLING WATER SYSTEMS 

Pollutant ConLentration (ppb) 
Intake Discharge 

2,4,6-Trkhlorophenol ND 35 
PentdLhlorophenol ND 4 
Cddmium, Total ND< 20 5 
Chromium, Total 73/ 100* 130/400* 
Copper, Total 21/50* 62/400* 
Lead, Total 30 ND < 30 
Ni<..kel, Total 98/ND(5+" 60/200* 
Silver, ToLcil 2 NO ( l 
Zint., Totcil ND/70* 210/200* 
To Lal Disi,olved Solids 190,000 880,000 
Total ~us pended Solids 2,000 2,000 
Totdl OrganiL Carbon D < 1000 9,000 
Bcirium, Totdl 300 200 
Boron, Total 300 60 
Cah.ium, Total 260,000 110 ,000 
Cobalt, Total 8 10 
Manganese, Totdl 90 50 
Mdgnebium, Total 100,000 57,000 
Molybdenum, Total 20 60 
Phenoli<.b, 4AAP D < 5 D < 5 
Total Residual Chlorine D < 10 7340/4730/190/50 
Sodium, Totdl 95,000 33,000 
Tin, Total 60 60 
Tilanium, Totdl 30 ND < 20 
Iron, Total 1,000 2,000 
Vdnadium, Totdl 20 20 

*These multiple results represent analyses by multiple analytical labs. 
()Values in parentheseb indicate dibsolved fractionb. 



Additional Data Sources 

Another source of useful data is a study on the chlorination of a 
fresh water once-through cooling system that found that chloroform 
levels in the outlet from the condenser during periods of chlorine 
addition ranged between 1.4 and 8 7 ppb (47) The mean chloroform 
concentration in the condenser outlet during chlorination was 5.0 ppb 
The intake in th1s same study had chloroform levels consistently below 
1.0 ppb with the exception of one sample point at 1.2 ppb 

Samples were also analyzed for dichlorobromomethane in this same study 
(47) Condenser outlet d1chlorobromomethane levels ranged from 0.9 to 
4.6 ppb during the period of chlorine addition The mean 
dichlorobromomethane level was 2 0 ppb Intake water had 
dichloromethane levels consistently below 0.2 ppb. 

Analysis was also done for dibromochloromethane (47) Condenser 
outlet dibromochloromethane levels ranged from less than 0 2 ppb to 
1.5 ppb during the period of chlorine addition. The mean 
dibromochloromethane level was 0.77 ppb but in three samples the level 
of dibromochloromethane could not be quantified; these samples were 
not used in calculating the mean Intake water was consistently below 
0.2 ppb dibromochloromethane. 

Summary of th~ Results of Cooling Water Sampling fil!9. ~ Collectina 
Efforts 

An examination of all the available data, including screening, 
verification, surveillance and analysis, and literature data, leads to 
several ma]or conclusions. First, net discharges of metals other than 
chromium and zinc are the result of corrosion of metal surfaces within 
the cooling water system. Net discharges from once-through systems 
are typically le~s than 20 ppb Net discharges from recirculating 
cooling systems may be higher because of the concentrating effect 
these systems have on dissolved solids Net discharges of chromium 
and zinc from recirculating systems may be as high as 1,000 ppb zinc 
and 200 ppb chromium as the result of the use of corrosion control 
additives(l3) 

Second, the organic pollutants that were detected in the sampling 
efforts may result from several sources Methylene chloride may be a 
product of chlc)rination or, since it is a common lab solvent, may be 
an analytical error Bis (2-ethylhexyl) phthalate is probably the 
result of the loss of plasticizers from plastic sampling tubes or 
bottles. 2,4-dJchlorophenol, 1,2-dichlorobenzene, bromoform, chloro
dibromomethane, and chloroform all may result from cooling water 
chlorination Net discharges of these compounds were always at or 
below 30 ppb, often only a few ppb The concentration scale up effect 
of recirculating cooling systems may account for increases in some of 
the organics. The use of non-oxidizing biocides may explain the 
presence of compounds like phenol, benzene, toluene, 1,2-dichloro
benzene, 2,4,6-lrichlorophenol and pentachlorophenol (13,17). 



A third maJor finding was a net dscharge of asbestos in the cooling 
tower blowdown of plant 2414. Since asbestos was also present in tne 
make-up water, it is not clear whether fill erosion is occuring The 
introduction of asbestos into cooling tower blowdown from fill erosion 
has already been demonstrated by the data presented in table V-13 

Finally, net discharges of total residual chlorine were observed in 
both once-through and recirculating systems. Net discharges as high 
as 7,100 pph were observed. 

ASH HANDLING 

Steam electric powerplants using oil or coal as a fuel produce ash as 
a waste product of combustion. The total ash product is the 
combination of bottom ash and fly ash Bottom ash is the residue 
which accumulates on the furnace bottom, and fly ash is the lighter 
material which is carried over in the flue gas stream. In coal-burning 
boilers, some of the fly ash or carryover ash settles in the 
economizer section of the boiler. This ash LS called economizer ash 
and is typically the larger particles of the fly ash. 

The ash composition of oil, on a weight percent basis, is much lower 
than that of coal. Oil ash seldom exceeds 0 2 percent whereas coal 
ash comprises from 3 to 30 percent of the coal. As such, the presence 
of ash is an extremely important consideration in the design of a 
coal-fired boiler and, to a lesser extent, an oil-fired boiler. 
Improper design could lead to accumulation of ash deposits on furnace 
walls and tubes, leading to reduced heat transfer, increased pressure 
drop, and corrosion. 

Ash handling or transport is the conveyance of the accumulated waste 
products to a disposal system. The method of conveyance may be either 
wet (sluicing) or dry (pneumatic). Dry handling systems are more 
typical for fly ash than bottom ash The method of disposal for a dry 
ash is commonly by landfill but the ash can also be sold as a by
product for a variety of uses such as an ingredient for road pavement 
or for portland cement (alkaline ashes) Ash from oil-fired units is 
often sold for the recovery of vanadium. 

Wet ash handling systems produce wastewaters which are currently 
either discharged as bJowdown from recycle systems or discharged 
directly to receiving streams in a once-through manner. Statistical 
analyses of fly ash and bottom ash wastewater flow rates reported in 
308 responses from the industry are presented 1n tables V-18 and V-19. 
The chemical characteristJcs of ash handling wastewater are basically 
a function of the inlet o= makeup water, composition of the fuel 
burned, and the composition of other wastewacers discnarged into the 
ash settling ponds. These characteristics are discussed in this 
section. 
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Table V-18 

FLY ASH POND OVERFLOW 
(308 Questionnaire) 

Number 
of Minimum 

Variable Plants Mean Value Standard Deviation Value Maximum Value ---- -------- -------- ----
Fuel. Coal* 

Flow. GPO/plant 167 2,610,724.6 3,397,528.7 0.00 23,000,000 
GPD/MW 166 3,807.976 3,608.152 0.00 16,386.91 

Fuel. Gas* 

Flow CPD/plant 21 322,170.0 764,538.7 0.00 3,250,000 
GPD/MW 21 1,899.28 3,026.676 0.00 11,535,049 

Flow. Oil* 

Flow GPO/plant 47 487,996.2 1,607,619.2 o.oo 9,750,000 
GPD/MW 47 828.552 1 ,652.856 0.00 7,485.76 

--------- - -------
*Fuel designations are determined by the fuel winch contributes the most Btu for power 
generdtlon for the year 1975. 
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Table V-19 

BOTTOM ASH POND OVERFLOW 
(308 Questionnaire) 

Number 
of Minimum 

Vari.able Plants Mean Value Standard Deviation Value Maxi.mum Value ----- ---
Fuel. Coal* 

Flow. GPO/plant 219 2,600,998.7 5,072,587.5 o.oo 33,600,000 
GPD/HW 21n 3,880.983 5, i47.284 o .o·o 38,333.33 10 

1',ue l . Gas* 

Flow. GPO/plant 25 417,345.2 1,026,066.7 o.oo 4,020,000 
CPD/MW 25 1 , 804. 65 3,229.089 o.oo 11,535.049 

Flow. Oil* 

Flow. GPD/plant 40 322,913.6 907,839.3 o.oo 4,900,000 
GPO/MW l~O 622.696 1 , 698. 706 o.oo 9,902.53 

----- - ----------

*Fuel designations are determined by the fuel which contributes the most Btu for power 
generdtl.on for the year 1975. 



Fly Ash From Oil-Fired Plants 

The ash from fuel oil combustion usually is in the form of fly ash 
The relatively small quantity of ash (compared to coal) is capable of 
causing severe problems of external deposits and corrosion in boilers. 
The many elements which may appear in oil ash deposits include 
vanadium, sodium, and sulfur Compounds containing these elements are 
found in almost every deposit in boilers fired by residual fuel oil 
and often constitute the maJor portion of these deposits. 

Origin of Crude Oil Ash 

Some of the ash-forming constitµents in the crude oil had their origin 
in animal and vegetable matter from which the oil was derived. The 
remainder is extraneous material resulting from contact of the crude 
oil with rock structures and salt brines or picked up during refining 
processes, storage, and transportation. 

In general, the ash content increases with increasing asphaltic 
constituents in which the sulfur acts largely as a bridge between 
aromatic rings. Elemental sulfur and hydrogen sulfide have been 
identified in crude oil. Simpler sulfur compounds, including thio
esters, disulfides, thiophenes, and mercaptans, are found in the 
distillates of crude oil 

Vanadium, iron, sodium, nickel, and calcium in fuel oil are common in 
rock strata, but elements including vanadium, nickel, zinc, and copper 
are believed to come from organic matter from which the petroleum was 
created. Vanadium and nickel are known to be present in organo
metallic compounds known as porphyrins which are characteristic of 
certain forms of animal life Table V-20 summarizes the amounts of 
vanadium, nickel, and sodium1 present in residual fuel oils from 
various crudes. 

Crude oil, as such, is not normally used as a fuel but is further 
processed to yield a wide range of more valuable products. For 
example, in a modern United States refinery, the average product 
yield, as a percentage of total throughput, is given in table V-21. 
Virtually all metallic compounds and a large part of the sulfur 
compounds are c<~ncentrated in the distillation residue, as illustrated 
for sulfur in table V-22 Where low-sulfur residual fuel oils are 
required, the oLl is obtained by blending with suitable stocks, 
including both heavy distillates and distillation from low-sulfur 
crudes. This procedure is used occasionally if a residual fuel oil 
must meet specifications such as vanadium, or ash content 

Release of Ash During Combustion 

Residual fuel oJl is preheated and atomized to provide enouoh reactive 
surface to burn completely within the boiler furnace T~e atomized 
fuel oil burns Jn two stages In the first stage, the volatile 
portion burns and leaves a porous coke residue; and, in the second 
stage, the coke residue burns In general, the rate of combustion of 
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Table V-20 

VANADIUM, NICKEL, AND SODIUM CONTENT OF 
RESIDUAL FUEL OIL (18) 

(parts per million by weight) 

Source of 
Crude Oil Vanadium Nickel Sodium 

Africa 

1 5.5 5 22 
2 1 5 

Middle East 

3 7 1 
4 173 51 
5 47 10 8 

United States 

6 13 350 
7 6 2.5 120 
8 1 1 84 

Venezuela 

9 6 480 
10 57 13 72 
1 1 380 60 70 
12 113 32 49 
13 93 38 
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Table V-21 

AVERAGE PRODUCT YIELD OF A MODERN 
UNITED STATES REFINERY (18) 

Product 

Gasoline 

Lube oil fraction 

Jet fuel 

Kerosine 

Distillates 

Residual fuel 

Percentage of Total Throughput 

137 

44.4 

16.4 

6.2 

2.9 

22.s 

7.6 



Table V-22 

SULFUR CONTENT IN FRACTIONS OF KUWAIT CRUDE OIL (18) 

Distillation Range Total Sulfur 
Fraction ~oF) ~% by Weight) 

Crude Oil 2.55 

Gasoline 1 24-253 0.05 

Light naphtha 257-300 0.05 

Heavy naphtha 307-387 0. 1 1 

Kerosene 405-460 0.45 

Light gas oil 477-516 0.85 

Heavy gas oil 538-583 1 • 1 5 

Residual oil 588-928 3.70 
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the coke residue is inversely proportional to the square of its 
diameter, which, in turn, is related to the droplet diameter Thus, 
small fuel droplets give rise to coke residues which burn very 
rapidly, and the ash-forming constituents are exposed to the highest 
temperatures in the flame envelope The ash-forming droplets are 
heated more slowly, partly in associat1on witn carbon Release of the 
ash from these residues is determined by the rate of oxidation of the 
carbon (18) 

During combustion, the organic vanadium compounds in the residual fuel 
oil thermally decompose and oxidize in the gas stream to Vz0 3 , Vz0 4 
and finally Vz05 Although complete oxidation may not occur and there 
may be some dissociation, a large part of the vanadium originally 
present in the oil exists as vapor phase Vz0 5 in the flue gas The 
sodium, usually present as a chloride in the oil, vaporizes and reacts 
with sulfur oxides either in the gas stream or after deposition on 
tube surfaces Subsequently, reactions take place between the vana
dium and sodium compounds with the formation of complex vanadates 
which have melting points lower than those of the parent compounds. 
An example is shown in equation 9 The melting point of each compound 
is given below as well as the formula for the compound. 

2NaV0 3 + S0 3 
(1165 F) 

( 9 ) 

Excess vanadium or sodium in the ash deposit, above that necessary for 
the formation of the sodium vanadates (or vanadyl vanadates), may be 
present as V2 0 5 and Na 2 S0 4 , respectively (18) 

The sulfur in residual fuel is progressively released during 
combustion and is promptly oxidized to sulfur dioxide (S0 2 ) A small 
amount of sulfur dioxide is further oxidized to S0 3 by a small amount 
of atomic oxygen present in the hottest part of the flame Also, 
catalytic oxidation of SOz to S0 3 may occur as the flue gases pass 
over vanadium rich ash deposits on high-temperature superheater tubes 
and refractorie~ (18). 

Characteristics of Fuel Oil Ash 

With respect to fuel oil ash characteristics, sodium and vanadium are 
the most signif Lcant elements in fuel oil because they can form 
complex compounds having low melting temperatures, 480 to 1250 F, as 
shown in table V-23. Such temperatures fall within the range of tube
metal temperatures generally encountered in furnace and superheater 
tube banks of many oil-fired boilers Because of its complex chemical 
composition, fuel-oil ash seldom has a single sharp melting point, but 
rather softens and melts over a wide temperature range (18) Oil ash 
(especially from plants using Venezuelan and certain Middle Eastern 
oil) can contain significant amounts of nickel 
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Table V-23 

MELTING POINTS OF SOME OIL/ASH CONSTITUENTS (18) 

Compound 

Aluminum oxide, Alz03 
Aluminimu sulfate, Alz(S04)3 
Calcium oxide, Cao 
Calcium sulfate, CaS04 
Ferric oxide, Fez03 
Ferric sulfate, Fex(SOv)3 
Nickel oxide, NiO 
Nickel sulfate, NiS04 
Silicon dioxide, Si.Oz 
Sodium sulfate, NazS04 
Sodium bisulfate, NaHS04 
Sodium pyrosulfate, NazSz07 
Sodium ferric sulfate, Na3Fe(S04)3 
Vanadium trioxide, Vz03 
Vanadium tetroxide, Vz04 
Vanadium pentoxide, VzOs 
Sodium metavanadate, NazO.Vz05(NaV03) 
Sodium pyrovanadate, 2Naz0.Vz05 
Sodium orthovanadate, 3Naz0.Vz05 
Sodium vanadylvanadates, NazO.Vz04.Vz05 

5Naz0.Vz04.11Vz05 

Melting Point 
(oF) 

3720 
1420* 
4662 
2640 
2850 

895 
3795 
1545* 
3130 
1625 
480* 
750* 

1000 
3580 
3580 
1275 
1165 
1185 
1560 
11 60 
995 

*Decomposes at a temperature around the melting point. 

140 



Ash From Coal-Fired Plants 

Coal Ash Formation 

More than 90 percent of the coal currently used by electric utilities 
is burned in pulverized coal boilers. In such boilers, 65 to 80 
percent of the ash is produced in the form of fly ash, which is 
carried out of the combustor in the flue gases and is separated from 
these gases by electrostatic precipitators and/or mechanical 
collectors. The remainder of the ash drops to the bottom of the 
furnace as bottom ash or slag The amounts of each type of ash 
produced in the United States during several recent years are listed 
in table V-24. The percentage of ash collected as fly ash has risen 
from 65 percent in 1971 to 71 percent in 1975. 

The ash residue resulting from the combustion of coal is primarily 
derived from the inorganic matter in the coal Table V-25 provides a 
breakdown of several of the ma)or ash constituents for different ranks 
of coal. The overall percent ash in the coal varies from 3 to 
approximately 30 percent. These maJor ash components can vary widely 
in concentrations within a particular rank as well as between ranks. 
Relatively significant concentrations of trace elements are also found 
in the coal ash Many of these elements are listed in table V-26 for 
various ranks of coal These elements can range from a barely 
detectable limit to almost 14,000 ppm as the maximum measured for 
barium in some lignites and subbituminous coals 

During the combustion of coal, the products formed are partitioned 
into four categories· bottom ash, economizer ash, fly ash, and 
vapors. The bottom ash is that part of the residue which is fused 
into particles heavy enough to drop out of the furnace gas stream (air 
and combustion gases). These particles are collected in the bottom of 
the furnace The economizer ash particles are sized approximately 
between those of bottom and fly ash This ash is collected in 
economizer hoppers Just beyond the boiler flue gas pass The fly ash 
is that part of the ash which is entrained in the combustion gas 
leaving the boiler While most of the fly ash is collected in 
mechanical collectors, baghouses, or electrostatic precipitators, a 
small quantity of this material may pass through the collectors and be 
discharged into the atmosphere The vapor is that part of the coal 
material which is volatilized during combustion. Some of these vapors 
are discharged into the atmosphere; others are condensed onto the 
surface of fly ash particles and may be collected in one of the fly 
ash collectors Certain of the trace elements are more volatile than 
others The more volatile elements, e g , mercury, fluorine, 
thallium, and antimony, will have a strong tendency to vapor1ze and 
perhaps condense on the fly ash particles Some of the vapors may 
also be trapped inside larger sized bottom ash particles resulting in 
condensation there as well 

The distribution of the ash between the bottom ash and fly ash 
fractions is a function of the boiler type {firing method), the type 
of coal (ash fusion temperature), and the type of boiler bottom ~wet 
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Table V-24 

MEGATONS OF COAL ASH COLLECTED IN THE UNITED STATES. (19) 

~ 1971 1973 1974 1975 1980* 1985** 

Fly ash 27.7 34.6 40.4 42.3 

Bottom ash 10.1 10.7 14.3 1 3. 1 

Boiler slag 5.0 4.0 4.8 4.6 

Total 42.8 49.3 59.5 60.0 75.0 120.0 

Coal consumed 390 403 

Calculated 
average ash 
content 1 5 .3% 14.9% 

*Projection by R. E. Morrison, American Electric Services Co. 

**Projection based on expected doubling in coal-fired power 
generation. 1975 to 1985. 
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Table V-25 

VARIATIONS IN COAL ASH COMPOSITION WITH RANK (19) 

Com:eonent Rank 

Anthracite Bituminous Subbi.tuminous Lignite 

Si.Oz 48-68 7-68 17-58 6-40 

Alz03 25-44 4-39 4-35 4-26 

Fezo3 Z-10 Z-44 3-19 1-34 

Ti.Oz 1-Z 0.5-4 0.6-Z 0-0.8 

Cao O.Z-4 0.7-36 2.2-52 12.4-52 

MgO 0.2-1 0.1-4 0.5-8 2.8-14 

NazO 0.2-3 0.2-28 

K20 0.2-4 0.1-1.3 

803 0. 1 -1 0.1-35 3-16 8.3-32 
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Table V-26 

RANGE IN AMOUNT OF TRACE ELEMENTS PRESENT IN COAL ASHES (19) 

(ppm) 

Anthracites High volatile bituminous 

Element Max. Min. Average Max. Min. Average 

Ag * 3 1 * 
B 130 63 90 2800 90 770 
Ba 1340 S40 866 4660 210 12S3 
Be 11 6 9 60 4 12S3 
Co 16S 10 81 30S 1 2 64 
Cr 39S 210 304 31S 74 193 
Cu S40 96 40S 770 30 293 
Ga 71 30 42 98 17 40 
Ge 20 20 * 28S 20 * 
La 220 11 s 142 270 29 11 1 
Mn 36S S8 270 700 31 170 
Ni 320 12S 220 610 4S 1S4 
Pb 120 41 81 1SOO 32 183 
Sc 82 so 61 78 7 32 
Sn 42SO 19 962 82S 10 1 71 
Sr 340 80 177 9600 170 1987 
v 310 210 248 840 60 249 
y 120 70 106 28S 29 102 
Yb 12 s 8 1S 3 10 
Zn 3SO 1SS * 1200 so 310 
Zr 1200 J70 688 14SO 11 S 411 

* = Insufficient data to compute an average value. 

""' Figures encircled J.ndicate the number of samples used to 
compute average values. 
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Table V-26 (Continued) 

RANGE IN AMOUNT OF TRACE E~EMENT~ PRESENT IN COAL ASHES (19) 

(ppm) 

Low volatile bituminous Medium volatile bituminous 

Element Max. Min. Average Max. Min. Average 

Ag 1.4 1 * 1 1 * 
B 180 76 123 780 74 218 
Ba 2700 96 740 1800 230 396 
Be 40 6 16 31 4 1 3 
Co 440 26 172 290 10 105 
Cr 490 120 221 230 36 169 
Cu 850 76 379 560 130 313 
Ga 135 10 41 52 1 0 * 
Ge 20 20 * 20 20 * 
La 180 56 11 0 140 19 83 
Mn 780 40 280 4400 125 1432 
Ni 350 56 440 20 263 
Pb 170 23 89 210 52 96 
Sc 155 15 so 11 0 7 56 
Sn 230 10 92 160 29 75 
Sr 2500 66 818 1600 40 668 
v 480 11 5 278 870 170 390 
y 460 37 152 340 37 1 51 
Yb 23 4 10 13 4 9 
Zn 550 62 231 460 50 195 
Zr 620 220 458 540 180 326 

* = Insufficient data to compute an average value. 

= Figures encircled indicate the number of samples used to 
compute average values. 
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Table V-26 (Continued) 

RANGE IN AMOUNT OF "CRACE ELEMENTS PRESENT IN COAL ASHES (19) 

(ppm) 

Lignites and Sub bituminous 

Element Max. Min. Average 

Ag 50 * 
B 1900 320 1020 
13a 13900 550 5027 
Be 28 1 6 
Co 310 11 45 
Cr 140 11 54 
Cu 3020 58 655 
Ga 30 1 0 23 
Ge 100 20 * 
La 90 34 62 
Mn 1030 310 688 
Ni 420 20 129 
Pb 165 20 60 
Sc 58 2 18 

Sn 660 10 156 

Sr 8000 230 4660 

v 250 20 125 
y 120 21 51 

Yb 10 2 4 

Zn 320 50 * 
Zr 490 100 245 

* = Insufficient data to compute an average value. 

~ Figures encircled indicate the number of samples used to 
compute average values. 
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or dry) The first factor,,boiler type, ls significant in determini~g 
ash distribution The boiler types which are currently in use are 
pulverized coal, cyclone, and spreader stoker Most modern boilers 
are the pulverized coal type The different methods of firing 
pulverized-coal boilers are shown in figure V-11 Table V-27 shows 
the relative distributions of bottom ash and fly ash by boiler firing 
method. The smallest amount of fly ash, approximately 10 percent, is 
emitted by the cyclone furnace because the ash fusion temperature is 
exceeded and 80-85 percent of the ash is collected as slag in the 
bottom ash hopper. 

A wet or dry bottom boiler influences the distribution of ash in 
pulverized coal-fired boilers Most of the modern pulverized units 
utilize a dry bottom design. This type of furnace allows the ash to 
remain in a dry, or non-molten, state and drop through a grate into 
water-filled hoppers used to collect the ash. Ash in a dry state may 
reflect either a relatively low boiler design combustion temperature 
or the ash may contain constituents which are characterized by 
relatively high melting points Since the dry ash does not fuse, it 
can be fairl~r easily entrained in the combustion gas stream resulting 
in higher fly ash/bottom ash ratios than in wet bottom boilers. The 
wet-bottom boiler collects bottom ash in a fused or molten state 
This furnace is referred to as a slagging furnace. The relative 
distributions of bottom ash and fly ash by type of boiler bottom are 
also shown 1n table V-27. 

Chemical Characteristics of Coal Ash 

The chemical compositions1 of both types of bottom ash, dry or slag, 
are quite sJmilar The maJor species present in bottom ash are silica 
(20-60 weight percent as Si02 ), alumina (10-35 weight percent as 
Al 2 0 3 ), ferrJc oxide (5-35 weight percent as Fe 2 0 3 ), calcium oxide {l-
20 weight percent as CaO), magnesium oxide {0 3-0 4 weight percent as 
MgO), and minor amounts of sodium and potassium oxides {1-4 weight 
percent). Jn most instances, the combustion of coal produces more fly 
ash than bottom ash. Fly ash generally consists of very fine 
spherical particles, ranging in diameter from 0.5 to 500 microns The 
maJor species present in fly ash are silica {30-50 weight percent as 
Si02 ), alum1na (20-30 weight percent as Al 2 0), and titanium dioxide 
(0.4-1.3 weight percent as Ti0 2 ) Other species which may be present 
include sulfur trioxide, carbon, boron, phosphorous, uranium, and 
thorium. Tables V-28 and V-29 provide some ranges foe these maJor 
species. Species concentration di[ferences between fly ash and bottom 
ash can vary considerably from one site to another 

In addition to these maJor components, a number of trace elements are 
also found in bottom ash and fly ash Tables V-29 and V-30 present 
data concerning concentrations of these trace elements for both bottom 
and fly ash for various utility plants The trace elemental 
concentrations can vary considerably within a particular ash or 
between ashes. Generally,· higher trace element concentrations are 
found in the fly ash than bottom ash, however, there are several cases 
where bottom ash exceeds fly ash con~entrations 
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Table V-27 

COMP~RISON OF DISTRIBUTION BETWEEN BOTTOM ASH 
AND FLY ASH BY ~YPE OF BOILERS AND METHOD OF FIRING (19) 

T:zEe of Firing_-: TyEe of -Boiler Bottom** 

PCFR w 

PCOP w 

PCTA w 

PCFR D 

PCOP D 

PCTA D 

CYCL 

SPRE 

*PCFR - Pulverized coal front firing 
PCOP - Pulverized coal opposed firing 
PCTA - Pulverized coal tagential firing 
CYCL - Cyclone 
SPRE - Spreader stoker 

**W - wet bottom 
D - dry bottom 
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Table V-28 

MAJOR CHEMICAL CONSTITUENTS OF FLY ASH Al.~D BOTTOM ASH 
FROM THE SOUTHWESTERN PENNSYLVANIA REGIONS (19) 

Fly Ash Bottom ash 
Constituent (% by weight) (% by weight) 

Sulfur trioxide 0.01-4.50 0.01-1 .o 
Phosphorus pentoxide 0.01-0.50 0.01-0.4 

Silica 20.1-46.0 19.4-48.9 

Iron oxide 7.6-32.9 11 . 7-40. 0 

Aluminum oxide 17.4-40.7 18.9-36.2 

Calcium oxide 0.1-6.1 0.01-4.2 

Magnesium oxide 0. 4-1 • 2 0.5-0.9 

Sodium oxide 0.3-0.8 0.2-0.8 

Potassium oxide 1.2-2.4 1.7-2.8 

Titanium oxide 1.3-2.0 1 .3-1 .8 
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Table V-29 

COMPARISON OF FLY ASH AND BOTTOM ASH FROM VARIOUS UTILITY PLANTS (19) 

Compound Plant 1 Plant 2 Plant 3 Plant 4 Plant S Plant 6 
or 

Element FA RA li'A BA FA BA FA BA DA BA BA BA ...... un 

S102, % S9 S8 S7 S9 43 so S4 S9 NR NR 42 '•9 
Al203, % 27 2S 20 18.S 21 17 28 24 NR NR 17 19 

Fe203, % 3.8 4.0 S.8 9.0 S.6 s.s 3.4 3.3 20.4 30.4 17.3 16.0 
Cao, % 3.8 4.3 S.7 4.8 17.0 13.0 3.7 3.S 3.2 4.9 3.S 6.4 

S03. io 0.4 0.3 0.8 0.3 1. 7 o.s 0.4 0. 1 NR 0.4 NR NR 

MgO, % 0.96 0 .-88 1..1 S 0.92 2.23 L61 1.29 1. 17 NR NR 1. 76 2.06 
...... Na20, % 1.88 1. 77 1.61 1 .01 0.4 o.s 1.S 1. s NR NR 1.36 0.67 
U1 
...... K20, % 0.9 0.8 1. 1 1.0 1.44 0.64 0.38 0 • '•3 NR NR 2.4 1.9 

P20s • % 0. 13 0.06 0.04 o.os 0.70 0.30 1.00 0.7S NR NR NR NR 

Ti02, % 0.43 0.62 1. 17 0.67 1. 17 0.50 0.83 o.so NR NR 1.00 0.68 
As, ppm 12 1 8 1 1 S 3 6 2 8.4 S.8 110 18 
Be, ppm 4.3 3 7 7 3 2 7 s 8.0 7.3 NR NR 

Cd, ppm o.s o.s o.s o.s o.s o.s 1.0 1.0 6.44 1.08 8.0 1.1 

Cr, ppm 20 lS so 30 lSO 70 30 30 206 124 300 1S2 

Cu. ppm SL• 37 128 48 69 33 7S 40 68 48 140 20 

Mg, ppm 0.07 0.01 0.01 0.01 0.03 0.01 0.08 0.01 20.0 O.Sl o.os 0.028 



Table V-29 (Continued) 

COMPARISON OF FLY ASH AND BOTTOM ASH FROM VARIOUS UTILITY PLANTS (19) 

Compound Plant 1 Plant 2 Plant 3 Plant 4 Plant s Plant 6 
or 

Element FA BA FA BA FA BA FA BA BA BA BA BA 

Mn, ppm 267 366 lSO 700 lSO 1 SO 100 100 249 229 298 29S 
Ni, ppm 10 10 so 22 70 lS 20 10 134 62 207 8S 
Pb, ppm 70 27 30 30 30 20 70 30 32 8. 1 8.0 6.2 
Se, ppm 6.9 0.2 7.9 0.7 18.0 1.0 12.0 1.0 26.S S.6 2S 0.08 
V, ppm 90 70 lSO 8S lSO 70 100 70 341 3S3 440 260 
Zn, ppm 63 24 so 30 71 27 103 45 352 lSO 740 100 

...... B, ppm 266 143 200 125 300 70 700 300 NR NR NR NR 
U1 
I\.) Co, ppm 7 7 20 12 15 7 lS 7 6.0 3.6 39 20.8 

F, ppm 140 so 100 50 610 100 250 85 624 10.6 NR NR 

KEY FA = Fly Ash 
BA = Bottom Ash 



Element 

As 
Ba 
Br 
Cd 
Ce 
Cl 
Co 
Cr 
Cs 
Cu 
Eu 
Ga 
Hf 
Hg 
La 
Mn 
Ni 
Pb 
Rb 
Sb 
Sc 
Se 
Sm 
Sr 
Ta 
Tn 
u 
v 
Zn 

Table V-30 

CONCENTRATIONS OF SELECTED TRACE ELEMENTS 
IN COAL AND,ASH AT PLANT 4710 (19) 

Element Concentration 

Coal a Bottom ash Inlet fli ashb Outlet fly 

[ • . 45 18 110 
6~) 500 465 
3.7 2 4 
0.47 1.1 8.0 
fL2 84 84 

91 t. (100 (200 
2.9 20.8 39 

18 152 300 
I • 1 7.7 13 
~L3 20 140 
0. 1 1 • 1 1 • 3 
L.i. • 5 5 81 
0.4 4.6 4. 1 
() .122 0.028 0.050 
3.8 42 40 

33.8 295 298 
16 85 207 

'"". 9 6.2 80 
15.5 102 155 
0.5 0.64 12 
2.2 20.8 26 
2.2 0.08 25 
I • 0 8.2 10.5 

23 170 250 
(). 11 0.95 1 .4 
2. 1 15 20 
2. 18 14 .9 30. 1 

28.5 260 440 
46 100 740 

ashc 

440 
750 

51 
120 

65 
900 

27 

1 • 3 

5.0 

42 
430 

650 
55 
36 
88 
36 

9 

1 • 8 
26 

1180 
5900 

aMixture of coals from southern Illinois and western Kentucky. 
Ash content 12%. 

bcollected upstream from electrostatic precipitator. 

ccollected downstream from electrostatic precipitator. 
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Figure V-12 presents the size distribut1on curves for fly ash and 
bottom ash. The difference between the 50 percent grain sizes of 
bottom ash and fly ash is approximately two orders of magnitude with 
bottom ash being the larger Fly ash demonstrates various 
concentrations of trace elements in various size ranges of particles 
More specifically, there exists an increased concentration trend with 
decreasing particle sizes as shown in table V-31 

Those data on the composition of ash particles demonstrate that 
priority pollutants are present in the dry ashes and therefore can 
dissolve into water when ash sluicing methods are used The next 
section addresses observed concentrations of these materials in ash 
handling waters. The purpose is to assess the extent to which these 
materials enter the ash sluicing waters and therefore are discharged 
from the plants. 

Characterization of Ash Pond Overflows 

Data From EPA Regional Off ices 

Table V-32 is a compilation of data obtained for ash pond overflows 
from various EPA regional off ices These data summarize ash pond 
effluents where the total suspended solids values are less than 30 
ppm. This data was studied to determine whether a correlation existed 
between TSS values and the corresponding heavy metal concentrations 
{20). The results from this study of five different metals, i e., 
arsenic, nickel, zinc, copper, and selenium, indicated that no 
correlation existed between these concentrations and TSS values 
Additional data on ash pond overflow are available in the 1974 
Development Document (1). 

Discharge monitoring report data for 17 plants from various EPA 
regional offices have been summarized Table V-33 lists metals 
concentrations for fly ash ponds, bottom ash ponds, and combined pond 
systems. These metal concentrations are discharge values only; they 
do not reflect a net discharge based on intake water metals 
concentrations. 

Tennessee Valley Authority Data 

Combined Ash Ponds. In 1973, the Tennessee Valley Authority (TVA) 
began collecting ash pond effluents and water intake samples quarterly 
for trace metals; calcium, chloride, and silica analyses. A summary 
of these data for 1973 through 1975 for plants with combined fly ash 
and bottom ash ponds appea~s in table V-34 The complete data from 
which the summary table$ where prepared is presented in Appendix A. 
The summary consists of the average, maximum, and minimum 
concentrations for each element The average was calculated by 
substituting a value equal to the minimum quantifiable concentration 
(MQC) when the reported value was less than the MQC. Thus, the 
average may be biased upward if there is a significant number of 
values less than the MOC Those elements most likely affected are As, 
Ba, Be, Cd, Cr, Pb, Hg, Ni, and Se. 
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Table V-31 

ELEMENTS SHOWING PRONOUNCED CONCENTRATION TRENDS 
WITH DECREASING PARTICLE SIZE (19) 

(ppm unless otherwise noted) 

Particle 
Diameter 

~mm~ Pb Tl Sb Cd Se As Ni Cr 

A. Fly Ash Retained in Plant 
1 • Sieved fractions 

74 140 7 1.5 10 12 180 100 100 
44-74 160 9 7 1 0 20 500 140 90 

2. Aerodynamically sized fractions 

40 90 5 8 10 1 5 120 300 70 
30-40 300 5 9 10 15 160 130 140 
20-30 430 9 8 10 1 5 200 160 150 
15-20 520 12 19 1 0 30 300 200 170 
10-15 430 15 12 10 30 400 210 170 
5-10 820 20 25 10 so 800 230 160 

5 980 45 31 10 50 370 260 130 

3. Analytical method* 

a a a a a a a b 

B. Airborne Fly Ash 
1 • 

11 • 3 
7.3-11.3 
4.7-7.3 
3.3-4.7 
2.1-3.3 
1.1-2.1 
0.65-1.1 

2. 

* - (a) 
(b) 
(c) 
(d) 

Data 

1100 29 17 13 13 
1200 40 27 15 11 
1500 62 34 18 16 
1550 67 34 22 1 6 
1500 65 37 26 19 
1600 76 53 35 59 .. . . 

Analytical method* 

d a a d d 

DC arc emission spectrometry. 
Atomic absorption spectrometry. 
X-ray fluorescence spectrometry. 
Spark source mass spectromety. 
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680 460 740 
800 400 290 

1000 440 460 
900 540 470 

1200 900 1500 
1700 1600 3300 

d d d 

Zn 

500 
411 

_,. 

730 
570 
480 
720 
770 

1100 
1400 

a 

8100 
9000 
6600 
3800 

15000 
13000 . . 

a 



Table V-32 

CHARACTERISTICS OF ASH POND OVERFLOWS WITH TOTAL 
'\ SUSPENDED SOLIDS CONCENTRATIONS LESS THAN 30 mg/l (19) 

(mg/l) 

l'lanl {,JpJ<.ity No of lhl & 
(,uJ<. (MW) h1el* !>amp le:. I!>:. - I e Lu ld N1 [\ l'h Ilg ln !>e l' L1 (J["( J~t... 

Hll /81 <./O 18 24 '.> () Jb 0 I 0 01 0 I 0 06 0 I 0 OOl () 14 0 00/ 0 05 0 .u 
J708 l16b c/o 6 14 0 1l 0 1 0 01 0 I 0 14 o I 0 OOJ 0 0 I 0 005 0 05 0 lb 

4lJ4 598 c/o 6 0 0 J8 0 01 0 0 0 Oil 0 05 0 OJ 71 

0'.>ll I, 341 (. 16 5 0 6J 0 01 0 01 0 19 0 14 0 001 0 04 0 011 0 01 4 0 

IU6 I, ll9 ... /g 2l 9 4 0 92 0 OJ 0 01 0 01 0 0006 0 05 0 10 0 01 I l 

371 J l 000 c/o 9 - 5 l 0 10 0 I Ol 0 o OJ 0 I 0 OOl 0 08 0 03 0 -05 o II 

' 3/01 1121 <./O 3 18 u 0 lt1 o o~ 0 01 0 05 () 01 0 05 0 001 () 05 0 10 ' - () 05 I 0 
..... 
Ul 21 O'.> 
-...J 

511 (. 5 4 4 0 II 0 006 0 0 0004 0 Ol 0 004 0 0 005 0 0011 0 001, j 

l!Ol IH c./o l 10 9 0 l 0 009 0 0045 0 OJ 0 04 0 0004 0 06 0 018 0 OOJ 0 lb 

J605 660 (. 15 0 II 0 001 0 06 0 01 0 0001 0 04 0 02 

210J 694 (. J 10 0 51 0 15 0 00'.> 0 ll 0 00/ 0 0001 0 01 0 01 0 005 0 79 

• L - <.o.d 
(j - o i I 
g .. gJs 



Table V-33 

SUMMARY OF ASH POND OVERFLOW DATA FROM 
DISCHARGE MONITORING REPORTS (21) 

(ppb) 

Trace 
Metal Fly Ash Ponds 1 Bottom Ash Ponds2 Combined Ponds3 

Min. Max. Ave. 

As 1 0 66 29.2 

Cd 3.5 26.9 11.8 

Cr 5 15.2 10.2 

Cu 20 209 84.8 

Fe 1055 8138 4011 

Pb 10 200 59.4 

Hg 0 .1 1.8 0.6 

Ni 33 100 61.1 

Se 2 7.8 4.4 

Zn so 11 39 358.4 

1oata for 4 facilities 

2oata for 9 facilities 

3Data for 20 facilities 

Min. Max. Ave. Min. Max. 

7 70 21 . 1 3.5 416 

2 16.3 9.7 0 82 

4 41 • 7 15.6 2.5 84.2 

5 70 36.9 0 130 

657 10950 3410 80 2600 

1 0 60 25.S 0 100 

0.4 1. 7 0.8 0 65 

13.3 1345 191 . 4 0 100 

2 1 0 6.7 1. 7 68.3 

10 302 131 • 9 1 0 293 
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Ave. 

67 

18.7 

30.4 

59 

664.6 

40. 1 

3.9 

49 

23.6 

94.9 



Table V-34 
SUMMARY OF QUARTERLY TVA TRACE METAL DATA FOR ASH POND INTAKE 

AND EFFLUENT STREAMS (22) 

Plant C 
Minimum Average Haxl1oum 

Aluminu111 t.FF 0 .3 
RU 0 6 

Ammonld as h irf 0 02 
RU 0 03 

Arsenic E•F (0 005 
RU (0 005 

lldrlum hfF <O I 
RU (0.1 

Beryllium Uf <o 01 
Rll (0 01 

Ca1J111ium Ut 0.002 
nu <o 001 

Cald111n 

C.h lor Ille 

Lhromlum 

Copper 

Iron 

Hdgneslum 

LFF 
Rll 

i,..n 
RW 

45 
15 

7 
1 

Ut (0 005 
Rll (0 005 

t.H <O 01 
Rll 0 03 

Ltl (0 01 
Rll 

Ut 0 33 
RW I 0 

l:.tt (0 010 
RW (0 010 

Ett I 4 
RU 6 5 

Ul 0 13 
Rll 0 12 

I 5 
4 7 

0 11 
0 14 

0 013 
0 008 

0 2 
0 I 

(0 01 
(0 01 

0.006 
0 OOt 

78 
29 

II 
II 

3 8 
15 

0 34 
0 lJ 

0 05 
0 026 

0 4 
0.2 

<O 01 
(0 01 

o.ou 
0 002 

100 
45 

16 
16 

0 006 ' 0 008 
0012 0041 

0 05 
0 II 

0 01 

I 1 
6 5 

0 021 
0 022 

10 
9 5 

0 20 
0 31 

0 10 
0 22 

(0 01 

4 I 
14 

0 069 
0 047 

16 
14 

0 Jli 
0 51 

Hen .. ury Ltf (0 OOOl 0 0034 0 0074 
RW (0 0002 0 0004 0 0016 

Nl1..kel Ut 
Rll 

(0 05 
(0 05 

0 05 
<O 05 

0 07 
(0 05 

PlJnt L Planl D Plant E 
Hinimu10 AverJge Maximum Minlmun1 Averdge Maximum Minimum Average Mdximum 

0 5 
I 3 

(0 02 
0 03 

(0 005 
(0 005 

<O I 
<O I 

(0 01 
<O 01 

(0 001 
<O 001 

19 
15 

7 
7 

(0 005 
<O 005 

<O 01 
0 03 

(0 01 

0 72 
I 4 

<O 010 
<O 010 

6 3 
6 5 

0 05 
0 12 

3 4 
5 2 

0 09 
0 16 

0 022 
0 009 

0 14 
0 14 

<O 01 
(0 01 

0 OOl 
0 001 

37 
33 

II 
II 

0 009 
0 013 

0 06 
0 12 

0 01 

6 0 
1 2 

0 017 
0 024 

10 
6 6 

0 18 
0 31 

8 
15 

0.22 
0 29 

0 035 
0 026 

0 3 
0 2 

<O 01 
(0 01 

0 010 
0 002 

89 
43 

16 
16 

0 024 
0 041 

0 18 
0 22 

0 01 

27 
14 

0 OH 
0 047 

16 
14 

0 16 
0 53 

<O 2 I 4 3 8 
0 2 0 5 0 9 

<O 01 0 06 0 15 
<O 01 0 04 0 13 

(0 005 0 034 0 100 
(0 005 <O 005 <O 005 

(0 I 0 2 0 3 
<O I 0 I 0 2 

<O 01 <O 01 <O 01 
<O 01 <o 01 <O 01 

<O 001 0 001 0 002 
<O 001 <O 001 <O 001 

26 
23 

2 
2 

31 
28 

3 
3 

37 
31 

5 
4 

(0 005 (0 005 0 008 
<O 005 0 005 (0,005 

<O 01 0 03 
0 02 0 07 

<O 01 <O 01 

<O 05 I 0 3l 
0 25 0 51 

(0 010 O 016 
(0 010 0 012 

7 5 8 3 
7 I 8 0 

(0 01 0 02 
0 03 0 07 

0 14 
0 22 

<O 01 

0 67 
I 00 

0 046 
0 018 

9 8 
9 I 

0 05 
0 13 

I I 2 5 3 11 
I 7 2 9 4 3 

0 03 0 06 0 09 
0 04 0 07 0 10 

<O 005 0 Ol8 0 13 
<O 005 <O 005 (0 005 

<o I 0 2 0 4 
<O.I 0 2 0 4 

<O 01 <O 01 (0 01 
<O 01 <O 01 (0 01 

<O OOJ 0 001 0 002 
<O 001 0 001 0 002 

68 
14 

5 
4 

126 
17 

6 
5 

170 
20 

2 
6 

<O 005 0 017 0 Ol5 
<O 005 <O 005 <O 005 

0 02 
0 02 

(0 01 

0 05 
0 45 

<O 01 
(0 01 

0 I 
3 0 

(0 01 
0 04 

0 08 
0 05 

<O 01 

0 16 
I 0 

0 017 
0 015 

0 3 
3 4 

0 01 
0 05 

0 19 
0 08 

<O 01 

0 39 
I 6 

0 036 
0 028 

0 3 
4 I 

0 02 
0 07 

(0 OOOl 0 0070 0 050 <O 0002 0 0002 0 0003 (0 0002 0 0002 0 0001 
(0 0002 0 0003 0 0016 (0 0002 0 0002 0 0005 (0 0002 <O 0002 (0 0001 

<O 05 
(0 05 

0 06 
0 05 

0 17 
0 05 

(0 05 
(0 05 

0 06 
0 08 

0 19 
0 27 

(0 05 
(0 05 

(0 05 
(0 05 

(0 0'.I 
(0 05 



Table V-34 (Continued) 

SUMMARY OF QUARTERLY TVA TRACE METAL DATA FOR ASH POND INTAKE 
AND EF~'LUENT STREAMS (22) 

Plant C Plant C Plant [) Pl.int E 
Hlnlmum Average Haxlmu111 Hin frnum Average M11xl1nu111 Minimum Average H11xlmum Hlnl1num Average H11xl111u111 

Seleniu1u f.H <O 001 0 010 0.080 (0 001 0 003 0 00•1 (0 002 0 070 0 170 (0 002 0 007 0 014 
nw (0 001 0 002 0 0011 (0 002 0 002 0 0011 (0 002 0 002 0 004 (0 002 <O 002 (0 002 

Slllca &FF 4 7 7 4 II I 5 6 7 14 3 2 4 0 6 2 5 9 7 0 6 4 
RW 5.5 6 I 7 9 5 4 6 2 7 9 3 6 5 2 9 5 4 5 4 7 5 0 

Silver &n (0 01 0 01 0 03 (0 01 0 01 0 O.! <O 01 0 01 0 01 (0 01 0 01 0 02 
RW <0.01 0 01 <O 01 <O 01 0 01 (0 01 (0 01 (0 01 (0 01 (0 01 (0 01 (0 01 

Dissolved &H 260 3"-5 t.60 170 239 4.!0 100 156 200 240 366 420 
Solids RW 160 205 240 160 197 220 110 126 140 60 93 100 

Suspended &H 3 18 37 4 31 98 3 15 45 2 4 6 
Solids RW II 46 150 17 51 150 I 14 55 8 16 36 

Sulfdle EFF II 0 158 .lOO 35 99 280 16 57 64 100 147 210 
R\.! 0 07 23 52 34 49 68 I 3 16 20 15 20 25 

I-' 

°' Zinc &FF 0 02 0 13 0 27 0 03 0 14 0 16 (0 01 0 03 0 07 (0 03 0 05 0 07 
0 RW 0 03 0 08 0 13 0 03 0 06 0 13 0 03 0 04 0 07 0 04 0 06 0 16 

Plant ~ Plant G Plant 11 Pldnt I South 
Minimum Average Maximum Hlnlmum Average Maximum Minimum Average Maximum Mini mwn Average Maximum 

Aluminum EH 0 8 I. 7 3 I 0 4 I 7 2 9 0 8 I 6 2 9 0 6 I 5 2 6 
RW <O I I 4 3 6 0.1 I 2 4 I (0 2 I o I 6 0 6 t 6 3 0 

Ammonia dS N LH' 0 03 0 17 42 <O 01 0 12 0 62 0 03 0 34 2 60 0 01 0 07 0 31 
RW 0 02 0 06 0 26 0 01 0 04 0 06 0 06 0 23 0 49 0 08 0 05 0 10 

Arsenic EH (0 005 0 006 0 040 (0.005 0 030 0 070 (0 005 0 123 0 360 (0 005 0 036 0 163 
RW (0 005 <O 005 (0 005 (0 005 <O 005 (0 005 (0 005 0 006 0 010 (0 005 (0 005 <O 005 

8drlwn UF <O I 0 2 0 3 (0 I 0 2 0 4 <O I 0 2 0 3 (0 I -0 2 0 5 
RW (0 I 0 I 0 I (0 I 0 I 0 I (0 I 0 1 0 2 0 I 0 2 0 3 

Beryll lu111 &FF (0 01 <O 01 (0 01 (0 01 (0 01 (0 01 (0 01 (0 01 (0 01 (0 01 <O 01 (0 01 
RW <O 01 (0 01 (0 01 (0 01 (0 01 (0 01 (0 01 <o 01 (0 01 (0 01 (0 01 (0 01 

Cadmhuo &F~ (0 001 0 001 0 002 (0 001 (0 001 <O 001 (0 001 0 001 0 002 (0 001 (0 001 (0 001 
RW (0 001 0 001 0 002 (0 001 (0 001 (0 001 <O 001 <O 001 (0 001 (0 001 (0 001 <O 001 

Calcium LH 67 107 160 36 73 110 34 50 67 44 94 130 
RW 19 27 35 13 20 25 22 28 35 17 19 21 

Chloride l~F 4 5 6 2 4 8 6 14 22 4 6 12 
RW 3 4 4 3 4 5 7 14 28 4 6 6 



Table V-34 (Continued) 

SUMMARY OF QUARTERLY TVA TRACE METAL DATA FOR ASH POND INTAKE 
AND EFFLUENT STREAMS (22) 

Plant F Pl,111t <. Plant II Plant l South 
Minimum Average HaKimum Hl nlmwn Average Ma Ki mum Ml nlmum Average HaKlmu1n Minimum Averdge HdKimum 

ChromiwP (!.lo~ <O 005 0 033 0 072 (0 005 0 01 i 0 Ol3 (0 005 0 006 0 01 (0 005 0 017 0 030 
RW <O 005 0 006 0 012 <O 005 0 oos 0 010 <O OOS 0 005 0 007 <O 005 <O 005 <O 005 

Copp<-r LI~ (0 01 0 03 0 08 (0 01 0 05 0 12 <O 01 0 04 0 14 <O 01 0 06 0 15 
RW <O 01 0 05 0 08 <O 01 0 07 0 16 0 02 0 07 0 15 0 01 0 07 0 12 

Cyanide En <O 01 <O 01 (0 01 (0 01 0 01 0 02 (0 01 <O 01 (0 01 <O 01 <O 01 (0 01 
RW 

Iron t.H (0 05 0 22 I I 0 26 0 53 I 4 0 18 0 56 I 4 <o 05 0 26 0 58 
RW 0 10 I I 2 I 0 33 1 ) 4 6 0 45 I I I 7 0 61 I 7 3 5 

Ledd EH (0 010 0 013 0 040 (0 010 0 014 0 036 0 010 0 015 0 036 (0 01 0 012 0 038 
Rll (0 010 0 019 0 052 (0 010 0 019 0 04 0 010 0 019 0 033 0 01 0 15 0 221 

Hagnesl1110 ~l:.H 0 3 I 57 7 2 I I /. 4 3 I 6 2 7 4 9 7 0 2 I 2 3 7 
RW ) 5 4 2 4 9 3 4 4 0 4 6 5 7 7 4 13 0 2 6 3 3 4 3 

I-' Manganese LH <O 01 0 01 0 04 (0 01 0 02 0 04 0 02 0 06 0 10 (0 01 0 05 0 3 

Cl"\ RW 0 06 0 07 0 011 0 05 0 10 0 23 0 10 0 14 0 18 0 01 0 01 0 2 

I-' 
Mercury M~ <O 0002 0 OOOJ 0 0009 (0 0002 0 00l4 0 014 <o 0002 0 0004 0 0016 (0 0002 0 0003 0 0032 

RI~ (0 0002 0 0006 0 0033 <O 0002 0 0049 0 0031 <O 0002 0 0003 0 0008 <O 0002 0 0002 0 0003 

Nlckel t.H (0 05 0 05 <O 05 (0 05 (0 05 <O 05 (0 05 0 05 0 07 (0 05 0 05 0 05 
RW <O 05 (0 05 <O 05 <O 05 (0 05 <O 05 <O 05 <O 05 <O 05 (0 05 <O 05 <O 05 

!>elu1l11m ~.H 0 006 0 014 0 028 <O 001 0 010 0 019 (0 002 0 017 0 034 <O 002 0 012 0 08 
nw <O 002 <O 002 <O 002 (0 001 0 002 0 004 <O 001 0 002 0 006 <O 00 I <O 002 <O 002 

!> i l lca l:.l l 3 9 6 0 7 6 3 ,, 4 4 7 I 2 7 4 9 5 6 6 0 7 I 9 I 
H\~ 3 5 4 5 5 4 3 5 4 4 5 4 2 7 4 9 6 6 3 2 5 4 6 4 

Silver 1:.n (0 01 <O 01 <O 01 (0 01 <O 01 <O 01 <O 01 <O 01 <O 01 <o 01 <O 01 <O 01 
Rll (0 01 (0 01 (0 01 <O 01 <O 01 <O 01 (0 01 <O 01 (0 01 <O 01 <O 01 <O 01 

Dissolved t.a .no 366 540 190 266 320 200 256 350 190 248 370 
Solids RW 90 129 170 70 144 1180 110 145 180 90 121 310 

!>us pen.Jed l:.H" <I 4 20 8 19 45 4 10 19 <I 5 15 
Solids RW 6 /.6 42 5 18 67 10 24 29 4 24 57 

Sulfdte LH 14 160 260 88 18l 620 45 98 150 ~o 81 200 
Rll 12 19 23 <I 17 23 16 19 22 10 21 80 

Zin<- 1:.1 ~ (0 01 0 05 0 14 <O 01 o o~ 0 10 ((!} 01 o o~ 0 15 <o 01 0 08 0 24 
RW 0 03 0 12 0 22 0 03 0 09 0 13 0 04 0 II 0 33 0 03 0 07 0 12 



Table V-34 (Continued) 

SUMMARY OF QUARTERLY TVA TRACE METAL DATA FOR ASH POND INTAKE 
AND EFFLUENT STREAMS (22) 

Plant J 
Hlnbuum Average Haxhnum 

Alwninwn EFF 0 4 
llW 0 3 

Anwrion la as N l:.H 0 0 I 
RW 0 01 

Arsenlc 1:.•• 0 005 
RW 0 005 

llarlum 1:.FF (0 1 
RW (0 I 

llerylliwn EH (0 01 
RW (0 01 

Cadmium EFF (0 001 

l.dlcium 

C.hlorlde 

C.hrumllun 

Copper 

C.ysnlde 

Iron 

lead 

Mangdnese 

Rll (0 001 

l:.FF 
RW 

l:.~F 2 
RW 2 

l:.FF (0 005 
RW <O 005 

rn o 02 
RW <O 01 

l:.FF (0 01 
RW 

l:.FF 0 1 
RU 0 26 

EFF (0 010 
RW <O 010 

EFF 3 9 
RW 1 2 

LFf 0 05 
RW 0 03 

2 6 
0 7 

0 05 
0 04 

0 041 
0 018 

0 ). 
0 2 

(0 01 
(0 01 

0 001 
0 001 

34 
15 

5 
2 

0 005 
0 005 

0 11 
0 08 

(0 01 

2 4 
0 7 

0 015 
0 010 

6 7 
4 5 

0 38 
0 07 

7 6 
1 4 

0 OU 
0 2J 

0 IJO 
0 110 

0 3 
0 1, 

<O 01 
(0 01 

0 002 
0 002 

57 
30 

21 
4 

0 007 
0 006 

0 73 
0 13 

(0 01 

9 4 
I 2 

0 038 
0 018 

9 3 
8 3 

0 19 
0 18 

Mercury E•F (0 0002 0 0003 0 0008 
RW (0 0002 0 0003 0 0009 

NlLkel l:.U' 
RW 

(0 05 
<O 05 

0 05 
(0 05 

0 08 
(0 05 

Plant K Plant L 
Hinimwn AvLrJge Haxin1u111 Hlnlmu111 Average Hdximum 

0 5 1 U 3 I 
0 6 2 0 3,4 

0 OJ. 0 06 0 16 
0 04 0 09 0 24 

0 005 0 033 0 100 
0 005 0 009 0 024 

<O I O 2 o 3 
<O I 0 I 0 3 

(0 01 (0 01 (0 01 
(0 0 I (0 0 I (0 0 I 

(0 001 0 001 0 002 
(0 001 (0 001 (0 001 

41, 
12 

6 
4 

(0 005 
(0 005 

0 01 
(0 01 

(0 01 

0 II 
0 66 

0 010 
0 01 

0 4 
2 5 

0 01 
0 07 

76 
20 

10 
7 

0 019 
0 009 

0 05 
0 07 

(0 01 

0 39 
I 9 

0 017 
0 01 

I 6 
4 3 

0 02 
0 10 

130 
28 

19 
10 

0 036 
0 027 

0 10 
0 12 

(0 01 

1 2 
3 3 

0 048 
0 03 

3 6 
6 9 

0 04 
0 18 

I 3 2 0 2 6 
OJ 12 28 

0 06 0 52 0.40 
0 04 0 06 0 08 

(0 005 0 032 0 070 
(0 005 0 006 0 010 

<O 1 0 I 0 2 
<o I O I O 2 

(0 01 (0 01 (0 01 
(0 01 (0 01 (0 01 

(O 001 0 001 0 004 
(0 001 (0 001 (0 001 

)). 
13 

4 
4 

(0 00~ 
(0 005 

(0 01 
(0 01 

(0 01 

0 05 
0 28 

0 010 
0 010 

0 4 
3 4 

0 01 
0 03 

51, 
17 

6 
6 

0 009 
0 009 

0 06 
0.07 

(0 01 

0 56 
1 03 

0 017 
0 016 

2 6 
3 9 

0 03 
0 07 

91 
21 

9 
8 

0 018 
0 021 

0 14 
0 14 

(0 01 

I 00 
2 40 

0 04J 
0 032 

4 2 
4 4 

0 13 
0 12 

(0 0002 0 0003 0 0008 0 0002 0 0003 0 0009 
<O 0002 <O 0002 <O 0002 <O 0002 <O 0002 <O 0002 

(0 05 
(0 05 

0 06 
(0 05 

0 22 
<O 05 

<O 05 
(0 05 

(0 05 
<O 05 

(0 05 
(0 05 
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Table V-34 (Continued) 

SUMMARY OF QUARTERLY TVA TRACE METAL DATA FOR ASH POND INTAKE 
AND EFFLUENT STREAMS (22) 

Plant J !'ld"l I( i'1ant L 
Minimum Average tfdVifltUm •Hul llu11 A.rerdge tlJximum hi n lunun Average Maximum 

Selenium EFF <o 001 0 004 0 008 <O 002 0.010 0 016 0 002 0 010 0 020 
RW <o 001 0 003 0 008 <O 001 0 002 0 002 <O 001 0 002 0 002 

Si lie a j,.ff 3 5 6 4 8 7 4 0 6 7 8 8 4 5 5 7 9 I 
RW I 0 3 9 5 0 2 5 4 6 5 9 3 6 5 I 5 8 

Silver t.FF <o 01 <O 01 (0 01 (0 01 (0 01 <O 01 <O 01 (0 01 <o 01 
RW <O 01 <O 01 (0 01 <O 01 (0 01 <O 01 <O 01 <O 01 (0 01 

llissolved t.H 140 202 250 180 2110 310 140 211 260 
Solids RW 30 69 2JO 60 106 150 70 68 100 

Suspcnderl t.Ft 1 15 81 3 8 26 3 12 50 
Jlolids RW 5 13 35 17 29 60 4 14 4J 

SulfJte t.FF 56 119 180 54 BJ 110 6 80 110 
RW 9 22 80 12 20 JI 9 IJ 16 

Zinc i,.n 0 02 0 07 0 25 0 01 0 05 0 II 0 02 0 04 0 06 
RW 0 OJ 0 06 0 09 0 04 0 07 0 Ii 0 03 0 06 0 09 

---------
tlOTt. Effluent data based on years 1973-1975 

Rdw water intake data based on years 1974 and 1975 

K"-Y EF~ - effluent 
RW - raw water (intakes) 



The average concentrations of calcium, chloride, iron, magnesium, and 
manganese varied considerably from one effluent to another, wnile the 
average concentrations of aluminum, arsenic, silica, and sulfate 
varied only slightly. The average concentrations of barium, cadmium, 
chromium, copper, lead, mercury, nickel, selenium, and zinc were 
approximately the same in all the ash pond effluents. The combined 
ash pond effluent at Plant D had a considerably higher concentration 
of selenium (70 ppb) than the rest of the effluents, while the ash 
pond effluent from Plant H had a considerably higher concentration of 
arsenic (123 ppb) than the others The plants, other than Plant H, 
had less than 50 ppb arsenic in the effluents. 

TVA statistically compared the intake water characteristics to those 
of the effluents for Plants E, G, H, and J. Of particular importance 
was the evaluation of a potential relationship between priority 
pollutants (metals) and suspended solids. Essentially no correlation 
existed between suspended solids in the ash pond effluent and intake 
water quality characteristics 

Relationships between the ash pond effluent and the plant operating 
conditions were also studJed by TVA. Table V-35 provides a summary of 
the TVA plant operating conditions during collection of the ash pond 
effluent data No bottom ash characteristic data were available for 
this study Statistical correlations of the data show the pH of the 
ash pond effluent is influenced mainly by the calcium content of the 
fly ash and by the sulfur content of the coal As the percent Cao 
goes up, the alkalinity of the ash pond effluent increases The 
number of ash ponds in which the average concentration of each trace 
element shows a net increase from the ash pond influent to the 
overflow is presented in table V-36. More than half of the ash ponds 
increase the concentrations of Al, NH 3 , As, Ba, Cd, Ca, Cl, Cr, Pb, 
Hg, Ni, Se, Si, S0 4 and Zn over that of the intake water. According 
to studies completed by TVA (22), the range over which the trace 
metals vary in the ash pond effluent appeared to be as great or 
greater than that in the intake water 

Seoarate Bottom Ash and Fly Ash Ponds Certain utilities utilize 
separate fly ash and bottom ash ponds for handling the sluice wacer in 
their ash pond effluent systems. Table V-37 provides both ash pond 
effluent and raw water trace element and solids data for the separate 
fly ash and bottom ash ponds for two TVA plants The complete data 
from which the summary table was prepared is presented in Appendix A. 
Most of the elements appeared in greater concentrations in the fly ash 
effluent than in the bottom ash effluent for Plant A. On the average, 
the concentrations observed in Plant A fly ash effluents are at least 
several times as areat as the observed bottom ash concentrations For 
Plant B, the fly ash and bottom ash effluent concentrations are 
approximately equal. Comparison of ash effluent concentrations to the 
raw water concentrations for Plant A reveals that the bottom ash 
concentrations are approximately equal to the raw water 
concentrations. The Plant A fly ash concentrations generally exceed 
the raw water concentrations For Plant B, the bottom ash and fly 
ash effluent concentrations generally exceed the raw water 
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Table V-35 

SUMMARY OF PLANT OPERATION CONDITIONS AND ASH CHARACTERISTICS 
OF TVA COAL-FIRED POWER PLANTS (22) 

Parameters Plant C Plant D Plant E l'lant F l'lant G l'laut II P lent I Plant J Plant K Plant L 

Method of t I ring Cyclone Taui,ent !al Cl rLular Opp(>ut.d Tangent lal Tangent Isl ClrculJr Tangential ClrLular Circular 
Wall Burner 

Coul Source u l{e~!: ...... !ty ! """' t-ck7 ~ f{~; t 1<.k) "- KeRLUl"Y " KentuLKY 
S 11tin0Js 

Ash ( onLLnt in Cual, X II 15 5 15 l 16 3 15 

Fly Ash uf Total Ash, % 30 75 67 80 bO 

Botto•• A•h of lutal Ash, % 70 25 }} 20 20 

Sulfur lunLt.nl In Coal, % 

Codl Uo11ge al tull lo1d 
(ton•/JJy) 

Number ot Units 

t.&I' t.fflclenLy, % 

Hed1JnlLal A•h ( olleLror 
UflLILnLy, % 

Overnll t.tflcl.,ncy, % 

SlulLe WJter to Ash Ratio 
(gal/ton) 

pll of lnLake Wdter 

&uapLnJeJ &ol ld• C.unLentrar Ion 
of Intake Wdter (mg/I) 

Alkalinity of lntdke Watt.r 
(IDg/1 88 Cn( 03) 

% 31<12 In t ly Ash 

% ( aO In t ly A•h 

% teiOJ Int ly Ash 

% AliD3 In Fly A•h 

% 1130 In tly Ash 

% &03 In Fly Ash 

% Hulature In Fly Ash 

pll of Fly A•h 

Ash l'onJ t.ffluent 

Ash lund t.fflut.11L ~u•pended 
SollJa (iug/I) 

3 0 

7848 

3 

90-99 

23065 

7 4 

81 

83 

4 7 6 

72 

11 l 

22 

0 93 

2 2 

I 04 

2 9 

J 
30 

I 2 

84l0 

I 

99 

99 

10770 

7 5 

15 

95 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

8 4 

19 

12897 

5 

74 

80 

95 

9585 

7 0 

17 

53 

46 9 

66 

14 9 

18 6 

]) 

5 

0 32 

II 8 

II 

(10 

3 

24525 

99 

19490 

7 4 

24 

69 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

II 

10 

HCHE lnldke watH chJracterlstica based on 1974 !l'lld 197 5 wet.kly sa•m(>lcs 
A•h 1>011d dfluent d1draLterhl It.a b 1ot.d on 197tl-1915 weLkly SJn1pleo 
All pla<1ts use coo1hlned fly aah/botLom aHh (>UUJo 

10503 

60 

98-99 

12345 

12 

63 

3 

36 

9 6 

26 4 

I 12 

I 09 

0 37 

4 5 

9 5 

20 

Wall Burner 

i1rg1n1a W ~Lntucky 

E Keutut.ky 
E Tennesuee 

15 14 

67 70 

33 30 

8057 

4 

99 

11425 

8 

7 0 

21 

73 

~2 5 

2, 19 

10 2 

25 5 

42 

9 

0 63 

j 6 

8 7 

I~ 

3 

14460 

10 

75 

7 5 5 

42430 

7 4 

15 

58 

58 7 

17 

10 

23 9 

24 

0 22 

4 6 

11 0 

19 

Wall Burner Wdll Burner 

E KentnLky ft ll Unols W Kenlut.ky 
E TennL•see W Kentucky N Alabaon 

19 156 16 

75 75 75 

25 25 2 5 

16193 

9 

70 

95 

98 

9520 

7 6 

15 

55 

50 4 

92 

11 6 

25 2 

29 

0 54 

0 21 

4 0 

25 

15304 

10 

60 

95 

98 

17265 

8 

7 6 

38 

66 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

10 8 

17 

17691 

8 

60 

99 

70 

15370 

8 

7 5 

6 

63 

4 5 3 

4 91 

17 0 

27 0 

2l 

16 

0 87 

6 

10 

15 



Table V-36 

NUMBER OF ASH PONDS IN WHICH AVERAGE EFFLUENT 
CONCENTRATIONS OF SELECTED TRACE ELEMENTS EXCEED 

THOSE OF THE INTAKE WATER (22) 

Element No. Exceeding 

Aluminum 10 
Ammonia 9 

Arsenic 15 
Barium 7 

"Beryllium 
Cadmium 7 

Calcium 1 5 
Chloride 8 

Chromium 10 
Copper 5 
Cyanide 3 

Iron 4 
Lead 8 

Magnesium 6 

Manganese 5 
Mercury 12 
Nickel 10 
Selenium 14 
Silica 12 
Silver 2 
Sulfate 15 
Zinc 7 

NOTE. The total number of ash ponds is 15. 
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Table V-37 

SUMMARY OF QUARTERLY TRACE METAL DATA FOR ASH POND INTAKE AND 
EFFLUENT STREAMS (22) 

Plant A 
Botlom Ash 

Hinimum Average Hdximum 

Aluminum EFF 0 5 3 2 8 0 
RW 0 5 2 6 6 1 

Ammonia ash t..FF 0 04 0 11 0 34 
RW 0 02 0 07 0 14 

Arsenic EH <O 005 0 007 0 015 
Rll (0 005 <0.005 <O 005 

Bariwu t.H <O 1 0 I 0 I 
RW <O I 0 2 0 4 

Beryllium t.H (0 01 (0 01 <O 01 
RW <O 01 <O 01 <O 01 

Cddmiwu Ett <O OCI 0 001 0 002 

Calciu111 

Chloride 

Lhroml um 

Copper 

Cyanide 

Iron 

Lead 

Hdnganest: 

Mercury 

Nl<..kel 

Selenlwn 

RW <O 001 0 001 0 004 

UF 
RW 

l3 
21 

t.U 4 
RW 4 

t.U <O 005 
RW <O 005 

UF 0 01 
RW 0 04 

EU <O 01 
RW 

EH 1.7 
RW 1 1 

t.U (0 010 
RW (0 010 

Ut 0 3 
RW 4 1 

EH 0 07 
RW ' 0 08 

38 
35 

1 
6 

0 007 
0 010 

0 07 
0 09 

(0 01 

5.2 
2 1 

0 017 
0 021 

6 0 
6. 1 

0 17 
0 13 

61 
48 

15 
10 

0 023 
0 024 

0 14 
0 19 

(0 01 

II 
6 1 

0 031 
0 038 

9 ) 
8 0 

0 26 
0 25 

t.tt (0 OQ02 0 0005 0 0026 
RW <O 0002 <O 0002 <O 0002 

EH (0 05 
Rll (0 05 

t.H <O 001 
Rll (0 001 

0 06 
(0 05 

0 002 
0 002 

0 12 
<O 05 

0 004 
0 00.l 

Planl A 
Hy Ash 

Minimum AvE.rJge Mdximum 

3 6 7 9 13 
05 26 67 

0 02 0 i5 ] I 
0 02 0 07 0 14 

0005 0011 0035 
<O 005 (0 005 (0 005 

<O I 0 2 0 4 
<O I 0 2 0 4 

(001 001 002 
(0 0 I <O 0 I (0 0 I 

0023 0038 005.! 
0001 0001 0004 

88 
21 

4 
4 

0 012 
0 005 

0 16 
0 04 

(0 01 

0 33 
I 1 

(0 010 
<O 010 

9 4 
4 I 

0 29 
0 08 

126 
35 

1 
6 

0 072 
0 010 

0 33 
0 09 

<O 01 

2 ) 
2 1 

0 066 
0 021 

14 
6 1 

0 49 
0 13 

180 
48 

14 
IO 

0.170 
0 024 

0 45 
0 19 

(0 01 

8 6 
6 1 

0 lOO 
0 038 

lO 
8 0 

0 6J 
0 25 

Planl B 
Bollom Ash 

Minimum Averd~e Hdximum 

0 4 2 2 8 6 
04 08 I 6 

<O 01 0 07 0 31 
0 04 0 08 0 08 

<O 005 0 014 0 055 
(0 005 <O 005 <O 005 

(0 I 0 I 0 J 
<O I (0 I (0 I 

<O 01 (0,01 (0 01 
<O 01 <O 01 <O 01 

<O 001 0 002 0 01 
<O 001 0 004 0 01 

1 7 
17 

so 
19 

200 
20 

5 7 II 
4 5 1 

<O 005 0 009 0 026 
(0 005 <O 005 <O 005 

<O 01 0 06 0 20 
<O 01 0 02 0 02 

<O 01 <O 01 (0 01 

0 26 4 7 30 
0 32 0 57 0 90 

(0 010 0 018 0 048 
<O 01 (0 01 (0 01 

4 I 6 l 21 
) 6 4 3 4 7 

0 Ol 0 40 3 6 
0 04 0 06 0 08 

Planl B 
Fly Ash 

Minimum Average Maximum 

06 16 48 
04 08 16 

(0 01 0 07 0 20 
0 04 0 08 0 08 

(0 005 0 029 0 070 
<O 005 <O 005 <O 005 

<O I 0 I 0 2 
<O 1 <O I (0 I 

<O 01 (0 01 (0 01 
<O 01 <O 01 (0 01 

(0 001 0 001 0 002 
<O 001 0 004 0 01 

27 
I 1 

152 
19 

43-0 
20 

4 6 8 
4 5 7 

<O 005 0 Oil 0 036 
<O 005 <O 005 <O 005 

<O 01 0 03 0 10 
<O 01 0 02 0 02 

(0 01 (0 01 (0 01 

0 14 I 4 7 I 
0 32 0 57 0 90 

<O 01 0 015 0 030 
<O Ol <O 01 <O 01 

0 2 ) 6 6 8 
3 6 4 ) 4 7 

0 02 0 12 0 63 
0 04 0 06 0 08 

(0 0002 0 0003 0 0006 (0 0002 0 0009 0 0042 <O 0002 0 0008 0 0056 
<O 0002 <O 0002 <O 0002 <O 0002 <O 0002 <O 0002 <O 0002 (0 0002 <O 0002 

(0 05 0 011 0 IJ 
<O 05 <O 05 <O 05 

<O 001 0 00.l 0 004 
<O 001 <O 002 (0 002 

(0 05 
(0 05 

<O 001 
(0 002 

0 06 
<O 05 

0 007 
0 002 

0 14 
<O 05 

0 056 
0 002 

(0 05 0 05 O OJ 
(0 05 <O 05 (0 05 

0 001 0 015 0 064 
<O 002 <O 002 (0 002 



Table V-37 (Continued) 

SUMMARY OF QUARTERLY TRACE METAL DATA FOR ASH POND INTAKE AND 
EFFLUENT STREAMS (22) 

Planl A l'lanl A Planl B Plant B 
Bollo111 A11h Fly A11h Bollom Ash Fly Ash 

Minimum Average Maximum Mini111u1n AverJge MJximw11 Minimum Average Maxilnum Minimum Average Maximum 

Si llca t.FF 5 6 7 4 9,3 9 3 13 20 3 7 6 4 22 3 I 7 I 2J. 
RW 1.7 5 6 8 0 I 7 5 6 8 0 3 2 5 4 7.2 3 2 5 4 7.2 

Silver t.H <0.01 (0 01 <O 01 (0 01 (0 01 <O 01 <O 01 <O 01 <O 01 <O 01 <O 01 <O 01 
RW <O 01 <O 01 (0 01 <O 01 <O 01 <O 01 0 01 0 02 0 05 0 01 0 02 0 05 

Dissolved Efl•' 140 185 260 470 593 700 110 229 710 40 458 1100 
Solids RW 120 154 200 120 154 200 90 93 100 90 93 100 

Suspended E~F 5 5J. 200 I 6 17 2 J.J 78 2 13 39 
Solids RW 14 60 190 14 60 190 8 II 14 8 II 14 

Sulfate l:.H 23 45 80 240 346 440 20 102 470 17 214 480 
Rt.I 6 21 30 6 21 30 9 12 18 9 12 18 

Zinc E~F 0 02 0 08 0 16 0 82 I 4 2 7 0 02 0 13 0 55 0 01 0 05 0 IJ 
~ Rt.I 0 06 0 09 0 14 0 06 0 09 0 14 0 01 0 02 0 04 0 01 0 02 0 04 
O'\ 
CX) 

NOfE EfflueuL daLa based on years 1973-1975 
Rc1w waler lnlake daLa based on yec1rs 1974 and 1975 

KE'l 1:.~F - effluc.nl 
Rll - raw water (intakes) 



concentrations In both plants, iron was found in higher 
concentrations 1n the bottom ash than the fly ash Selenium, mercury, 
and cyanide werE~ found in very low concentrations Arsenic was below 
0.05 mg/l in dll four ponds In both plants, the dissolved solids 
were higher in lhe fly ash ponds while the suspended solids were 
higher in the bottom ash ponds 

Table V-38 provides plant operating information for Plants A and B. 
Plant A has a cyclone furnace that produces approximately 70 percent 
bottom ash and 30 percent fly ash, while Plant B has pulverized coal
f ired boilers whlch produce 50 percent bottom ash and 50 percent fly 
ash 

NUS Corporationj)ata. Table V-39 provides trace element information 
for separate fly ash and bottom ash ponds. These data were compiled 
by NUS Corporalton (23). Nickel and manganese was evenly distributed 
between both types of ash ponds, z1nc was slightly higher in the fly 
ash ponds, copper was slightly higher in the bottom ash ponds. The 
fly ash pond of southeastern Ohio was the only pond that demonstrated 
arsenic levels which exceeded 50 ppb 

I ' 

Sampling Program Results 

Screenina Phase The purpose of the screening phase of the sampling 
program was to 1dentify the pollutants in the discharge streams The 
screening phase for the ash transport stream included the sampling of 
five ash pond overflows. Table V-40 presents the analytical results 
for sampling for the 129 priority pollutants 

I 

Verification Phase The ver1f 1cation phase involved the sampling of 
nine facilities ':or ash pond overflow to further quantify those 
effluent species identified in the screening program. The data 
reported as a result of this effort are summarized in table V-41. One 
of the plants (1226) was sampled by two laboratories and both sets of 
results are reported. 

Arsenic Levels 

Table V-42 presents data for plants in which arsenic conc~ntrations in 
the ash pond discharge streams exceed the Interim Drinking Water 
Standard of 50 ppb The maximum arsenic level is 416 ppb Other data 
concerning arsenic levels in ash pond effluents are given in table v-
43 Two plants exceed the 50 ppb level. Intake water concentrations 
for arsenic are provided in tables V-40, V-41, and V-43. The 
increases in arsenic concentrations, from the plant intake water to 
the ash pond overflow, range from no increase at all for a number of 
plants to a 300 ppb increase for plant 2603 in Table V-41 The range 
of arsenic leveJs in ash pond effluents is fro~ less than l ppb to 416 
ppb 
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Table V-38 

SUMMARY OF PLANT OPERATING CONDITIONS AND ASH 
CHARACTERISTICS OF TVA COAL-FIRED POWER PLANTS 

Parameters 

Method of Firing 

Coal Source 
Ash Content in Coal, % 
Fly Ash of Total Ash, % 
Bottom Ash of Total Ash, % 
Sulfur Content in Coal, % 
Coal Usage at Full Load (tons/day) 
Number of Units 
ESP Efficiency, % 
Mechanical Ash Collector Efficiency, 
Overall Efficiency, % 
Sluice Water to Ash Ratio (gal/ton) 

pH of Intake Water 
Suspended Solids Concentration of 

Intake Water (mg/l) 
Alkalinity of Intake Water 

(mg/l as CaC03) 
% SiOz in Fly Ash 
% CaO in Fly Ash 
% Fez03 in Fly Ash 
% Alz03 in Fly Ash 
% MgO in Fly Ash 
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w. 

% 

Plant A 

Cyclone 

Kentucky 
18.8 
30 
70 
4. 1 

22901 

3 

98 
98 

1238of 
981ob 

7.7 
60 

97 

NA 
NA 
NA 
NA 
NA 

Plant B 

Circular 
Wall Burners 

W. Kentucky 
14.8 
50 

50 

3314 
4 

7.5 
41 

56 

NA 
NA 
NA 
NA 
NA 



Ash 

Ash 

Table v-38 (Continued) 

sm'1MA.RY OF PLANT OPERATING CONDITIONS AND ASH 
CHARACTERISTICS OF TVA COAL-FIRED POWER PLANTS 

Parameters Plant A 

Pond Ef fl l.le!'l t pH 4.4f 
7.zb 

Pond Effluent Suspended Solids 25£ 
(mg/1) 55b 

fFly Ash Pond Only 

bBottom Ash Pond Only 

Plant B 

9.8£ 
a.ob 

g5f 
64b 

NOTE. Intake water characteristics based on 1974 and 1975 
weekly samples. Ash pond effluent characteristics 
based on 1970-1075 weekly samples. 
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Table V-39 

ASH POND EFFLUENT '£RACE ELEMENT CONCENTRATIONS* (23) 

(ppb) 

Station Location Ash Pond Type Arsenic Copper Nickel Zinc Manganese 

Western W. Virginia Bottom (5 (1 11 10 

Eastern Ohio Bottom 7 10 30 90 

Southern Ohio Bottom (5 60 30 LLO 

Eastern Michigan Bottom 30 (1 20 270 

Southeast Mi.chigan Fly 40 (1 20 240 

Southea::.t Ohio Fly 200 6 30 50 

Eastern Missouri Bottom 20 3 20 50 

Central Utah Bottom (5 6 5 

Western W. Virginia Fly 8 5 30 40 

Southern Ohio Fly 10 4 (1 80 

*Minimum Quantifiable Concentrations/Arsenic (5 ppb), Copper (1 ppb), Nickel 
(1 ppb), Zinc (1 ppb), Manganese (1 ppb). 

130 

300 

180 

70 

5 

4 

240 

5 

550 

10 



Plant 
Code 

4222 
(Combin
ed Fly 
Ash and 
Bottom 
Ash) 

2414 
(Combin
ed Fly 
Ash and 
Bottom 
Ash) 

Table V-40 

SCREENING DATA, FOR ASH POND OVERFLOW 

Po1lutant 

Methylene Chloride 
Tr1chlorofluoromethane 
Phenol 
Bis(2-Ethylhexyl) Phthalate 
Butyl Benzyl Phtnalate 
Toluene 
Methylene Chloride 
Antimony, Total 
Arsenic, Total 
Beryllium, Total 
Chromium, Total 
Copp·er, Total 
Mercury, Total 
Nickel, Total 
Selenium, Total 
Zinc, Total 

Benzene 
Chloroform 
Methylene Chloride 
Phenol 
Bis(2-Ethylhexyl) Phthalate 
Diethyl Phthalate 
Toluene 
Cis 1 ,2-Dichloroethylene 
1 ,1 ,1-Trichloroethane 
1 ,4-Dichlorobenzene 
Ethyl benzene 
Arsenic, Total 
Asoestos (fibers/liter) 
Chromium, Total 
Copper, Total 
Cyan Lde, Total 
Lead, Total 
Mercury, Total 
Nickel, Total 
Selernum, Total 
Silver, Total 
Thall1 um, Total 
Zinc, Total 

173 

Concentration (hpb) 
Intake Disc arge 

12 
ND< 1I1 
2/(100 

2 
1 

3/2 

6/13 

8 
<S 
<S 
<S 
<s 
16 

0 .26 
6 

<S 
14 

2 
4/1 
45/(100 

12 
3 

21/1 
ND( 1 /15 
ND < 1 
ND < 1 

1 
5 

28,400 
<S 
21 

<20 
7 
0.88 
8 

15 
45 

6 
<s 

27 
6/ND(1 
1I260 

3/4 

3/2 

1 
1 

18 
29 

160 
20 
1 1 

6 
0.21 
8 

32 
10 

ND < 1 
ND(1/2 
ND(1/31 

40 
ND < 1 
11/70 
30/ND<1 

1 
1 
2 

so 
0 

14 
66 
80 

8 
0.63 

144 
22 
52 

8 
41 



Plant 
Code 

3805 
(Comb in-
ed Fly 
Ash and 
Bottom 
Ash) 

3404 
(Bottom 
Ash) 

Table V-40 (Continued) 

SCREENING DATA FOR ASH POND OVERFLOW 

Pollutant Concentration (~Eb) 
Intake Disc arge 

Benzene 1/6 ND(l/2 
1,1 ,1-Trichloroethane 2 ND < 1 
Chloroform 1/3 2/4 
1 ,1-Dichloroethylene ND(l/1 1 /ND<l 
Ethylbenzene 20 ND < 1 
Methylene Chloride 22/10 8/15 
Trichlorofluoromethane 40 1 
Phenol 2 3 
Bis(2-Ethylhexyl) Phthalate ND < 1 6 
Tetrachloroethylene 1 ND < 1 
Toluene 42/14 4/6 
Trichloroethylene 2 ND < 1 
Cis 1 ,2-Dichloroethylene 3 ND < 1 
Chromium, Total 39 <5 
Copper, Total 6 5 
Lead, Total 19 <5 
Mercury, Total 0.23 0.32 
Selenium, Total 11 <5 
Silver, Total 12 <5 
Zinc, Total 5 5 

Benzene 1 1 
Chloroform 3/1 ND<l/1 
1 ,1-Dichloroethylene 1I1 1/ND<1 
Methylene Chloride 20/1 4/ND(l 
Phenol ND(1/36 1/20 
Bis(2-Ethylhexyl) Phthalate 11 9 
Di-N-Butyl Phthalate 4 1 
Toluene 3/3 3/2 
Antimony, Total 1 1 12 
Arsenic, Total <5 14 
Cadmium, Total 15 13 
Chromium, Total 16 20 
Copper, Total 25 29 
Lead, Total 5 s 
Mercury, Total 0.34 0.32 
Nickel, Total 21 33 
Selenium, Total 55 42 
Silver, Total 40 19 
Zinc, Total <5 8 
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Plant 
Code 

2512 
(Fly Ash) 

Table V-40 (Continued) 

SCREENING DATA FOR ASH POND OVERFLOW 

Pol Lutant 

Ben~ene 

1 ,1 ,1-Trichloroethane 
Chloroform 
1 ,1-Dichloroethylene 
Ethyl benzene 
Methylene Chloride 
Bis(2-Ethylhexyl) Phthalate 
Di-N-Butyl Phthalate 
Toluene 
1 ,4-Dichlorobenzene 
Ant J.mony, Total 
Arsenic, Total 
Copper, Total 
Lead, Total 
Mel: cury, Total 
Nickel, Total 
Selenium, Total 
Zinc, Total 

I I 
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Concentration (hpb) 
Intake Disc arge 

ND(1/1 
ND(1/ND(1 
2/3 
1/2 
ND(1 /1 
23/12 

1 
ND < 1 
2/7 

7 
<5 

6 
22 
<5 
0. 21 
7 

35 
<5 

1/ND(1 
2/3 
1 /ND(1 
ND(1/2 
1/ND<1 
35/5 

4/3 

27 
1 

ND < 1 
5 
7 

14 
12 
0.22 

1 • 500 
32 
17 
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Table V-41 

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE 
AND ANALYSIS REPORTS FOR ASH POND OVER1''LOW 

Plant 
Code Pollutant Conc..entration 

Intake 

1742 Cadmium, Total (Dissolved) 40(5) 
(Combined Chromium, Total (Dissolved) 24/20*(ND/30)* 
Fly Ash Copper, Total (Dibbolved) 21/20*(Nl>/9)* 
and Bot- Lead, Total (Dissolved) 9/ND(20*(ND/90)* 
tom Ash Merc..ury, Total (Dissolved) ND < 0.5 
Pond) Nic..kel, Total (Dissolved) 17/ND<5*(ND/40)* 

Zinc, Total (Dissolved) ND/70*(30/ND(60)* 
Totdl Dissolved Solids 340,000 
Totdl Suspended Solids 100,000 
Total Organic Cdrbon 10,000 
Aluminum, Total 2,000 
Bdrium, Total (Dissolved) 60(30) 
Boron, Total (Dissolved) 90(200) 
Calcium, Total (Dissolved) 51,000( 44 ,000) 
Cobdlt, Total (Dibsolved) 10(7) 
Mdnganese, Total (Dissolved) 200(10) 
Magnesium, Total (Dissolved) 23,000(22,000) 
Molybdenum, Total (Dissolved) 9(40) 
Phenolicb, 4AAP 6 
Sodium, Total (Dissolved) 21,000(20,000) 
Tin, Total (Dissolved) 30(60) 
Titanium, Total 40 
Iron, Totdl 4,000 
Vdnadium, Total (Dissolved) ND/ND<lO*(ND/20) 
Silver (Dissolved) (ND/10)* 

*These multiple results represent analyses by multiple analytic..al labs. 
()Values in parentheses indicate dissolved frac..tions. 

(~~b) 
Discharge 

10(9) 
23/2000*(ND/30)* 
106/50*(54/7 )* 
9/ND(20*(3/100)* 

1.5(1) 
39/900*(1/40) 
ND/ND(60*(20/ND<60)* 

370,000 
15,000 

150,000 
ND < 50 

50(50) 
200(400) 

51,000(53,000) 
50(10) 

300(ND(5) 
20,000(22,000) 

50(50) 
12 

26,000(25,000) 
30(60) 

ND < 20 
8,000 

ND/20*(ND/30)* 
(ND/10)* 



Plant 
Code 

1741 
(Bottom 
Ash) 

Table V-41 (Continued) 

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE 
AND ANALYSIS REPORTS FOR ASH POND OVERFLOW 

Pollutant 

Cadmium, Total (Dissolved) 
Chromium, Total (Dissolved) 
Copper, Totdl (Dissolved) 
Lead, Totdl (Dissolved) 
Mercury, Totdl 
Nickel, Total (Dissolved) 
Zinc, Total (Dissolved) 
Total DJbsolved Solids 
Totdl Subpeuded Solids 
Totdl Organic Carbon 
Aluminum, Total 
Bdrium, Total (Dissolved) 
Boron, Total (Dissolved) 
Calt.ium, Total (Dissolved) 
Cobalt, Total (Disbolved) 
Mdngdnese, fotal (Dissolved) 
Mdgnesium, Total (Dissolved) 
Molybdenum, Total (Dissolved) 
Phenolit.s, 4AAP 
Sodium, Total (Dissolved) 
T!n, Totdl (Dissolved) 
Titdnium, fotal 
Iron, Totdl 
Vdnddium, Total (Dissolved) 
lieryllium, Dissolved) 
Silver, (Dissolved) 

Concentration (ppb) 
Intake Discharge 

ND ( 2(3) 
ND/4,000*(ND/20)* 
ND/90*(ND/9)* 
ND/20*(ND/ 100)* 
ND 
ND/2000*(ND/20)* 
ND/ND(60*(20/ND(60)* 

130,000 
10,000 
s,ooo 

200 
30(30) 
70(ND(50) 

10,000(13,000) 
40(6) 

800(ND<S) 
9,800(5,100) 

60(30) 
ND 
D(lS,OOO(D(lS,000) 
Nil ( 5(30) 

30 
20,000 

ND/lO(ND(lO/ND)* 
(J) 
(ND/6)* 

10(8) 
9/ND(S*(ND/20)* 
35/10*(13/7)* 
14/ND(20*(ND<4/100)* 

1 
15/ND<S*(ND/SO)* 
ND/70*(ND/100)"" 

4,000 
160,000 

17,000 
ND ( 50 

60(60) 
80(100) 

21,000(24,000) 
ND < 5 (8) 

100(700) 
5,600(5,800) 

8(30) 
11 

D(l5,000(D(l5,000) 
20(20) 

ND < 30 
200 

ND/ND(lO(ND/10) 
(2) 
(ND/9)* 

*These multiple results represent analyses by multiple analytical labs. 
( )Vdlues in pdrenthe::.es indicdte dibsolved fractions. 



Plant 
Code 

1741 
(Fly 
Ash) 

Table V-41 (Continued) 

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE 
AND ANALYSIS REPORTS FOR ASH POND OVERFLOW 

Pollutanl 

Cadmium, Total (Dissolved) 
Chromium, Total (Dissolved) 
Copper, Totdl (Dissolved) 
Ledd, Total (Dissolved) 
NiLkel, Totdl (Dissolved) 
ZinL, Totdl (Disslved) 
Total Dissolved Solids 
Total Suspended Solids 
Total Organic Carbon 
Bdrium, Total (Dissolved) 
Boron, Totdl (Dissolved) 
CalLium, Total (Di&solved) 
Cobalt, Total (Dissolved) 
Mangane&e, Total (Dissolved) 
Magnesium, Total (Dissolved) 
Molybdenum, Total (Dissolved) 
Phenolics, 4AAP 
Sodium, Total (Dissolved) 
Tin, Totdl (Dissolved) 
Titanium, Total 
Iron, Totdl 
B~ryllium, (Dissolved) 
Silver (Dis&olved) 
Vanddiurn (Dissolved) 
Yttrium (Dissolved) 

Concentration (ppb) 
Intaket Discharge 

90(70) 
12/6*(ND/20)* 
15/9*(4/7)* 
120/ND(20*(6/80)* 
100/50*(58/90)* 
1400/lOOO*(ND/1000)* 

790,000 
6,000 

18,000 
100(100) 

3,000(5,000) 
140 ,000 (160 ,000) 

10(20) 
1,000(1000) 
9,500(10,000) 

200(300) 
9 

D(l5,000(D(l5,000) 
30(20) 
20 

900 

(ND/10)* 
(ND/20)* 
(40) 

2 

tsame intake a& for Plant 1741, Bottom Ash Pond. 
*These multiple results represent analyses by multiple analytiLal labs. 
()Values in parentheses indicate dissolved fraLtions. 



...... 
-....] 

\0 

Table V-41 (Continued) 

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE 
AND ANALYSIS REPORTi, FOR ASH POND OVERFLOW 

Plant 
Code Pollutant Conc.entration 

Inrake 

1226 Antimony, Total ND/7* 
(Combined Arsenic., Total ND/3* 
Fly Ash Cadmium, Total 2.l/ND(2* 
and Bot- Chromium, Total ND/7 /7* 

I 

tom Ash Copper, Total (Dissolved) 10/12/10*(10) 
Pond) Lead, Total (Dissolved) 12/10/ND(20*(7/ND(20)* 

Merc.ury, Total ND(l/O. 5* 
Nic.kel, Total (Dissolved) 27/l.5/ND(5*(29/ND(5)* 
Selenium, Total ND/ND(2* 
Silver, Total ND/1.5/ND(l* 
Zinc., Total (Dissolved) ND/9/70*(50/ND(60)* 
Total Dissolved Solids 190,000 
Total Suspended Solids 14,000 
Alwninum, Total (Di&solved) 700(100) 
Barium, Total (Dissolved) 20(20) 
Boron, Total (Dissolved) ND ( 50(70) 
Calcium, Total (Dissolved) 6,900(D(5,000) 
Cobalt, Total 7 
Manganese, Total (Dissolved) 200(200) 
Magnesium, Total (Dissolved) 4,500(5,000) 
Molybdenum, Total (Dissolved) ND ( 5(ND(5) 
Phenolic.s, 4AAP 12 
Sodium, Total (Dissolved) 33' 000(36' 000) 
Titanium, Total 20 
Iron, Total (Dissolved) 2,000(1,000) 
Vanddium, Total (Dissolved) ND/40/ND(lO*(ND/ND(lO)* 

*These multiple results represent analyses by multiple analytic.al labs. 
()Values in pdrentheses indicate di&solved frac.tions. 

<eeb> 
Discharge 

ND/7* 
ND/9* 
2/ND<2* 
ND/6/10* 
18/14/10*(13/9)* 
9/4*(4/ND(20)* 
N0(0.5/ND(0.2* 
ND/5.S/S*(ND/ND(5)* 
ND/8* 
ND/O. 5/ND<l * 
ND/7/ND(60*(ND/ND(60)* 
2~35011000 

12,000 
300(500) 
60(60) 

400(900) 
34,000(32,000) 

ND ( 5 
30(6) 

7 ,300(7 ,500) 
100(100) 

17 
66,000(72 '000) 

ND ( 20 
600(ND(200) 

ND/78/50*(ND/40)* 
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Table V-41 (Continued) 

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE 
AND ANALYSIS REPORTS FOR ASH POND OVERFLOW 

Plant 
Code 

5409 
(Fly Ash) 

Pollutant 

Benzene 
Carbon Tetrachloride 
Chloroform 
i,2-DiLnlorobenzene 
Ethyl benzene 
Toluene 
TriLhloroethylene 
Antimony, Total 
Beryllium, Total 
Cadmium, Total 
Chromium, Total 
Copper, Total 
Cydnide, Totl 
Lead, Totdl 
Nickel, Totdl 
Selenium, Total 
Silver, Total 
Thallium, Total 
ZinL, Total 
Total Suspended Solids 
Totdl Organic Carbon 
Chloride 
Vanadium, Total 
l, 3 and 1, 4-Dichlorobenzene 

Concentration 
Intake 

2.4 
D < 1 

1.4 
5.3 

2 
D < 4 

3 
ND < 0.5 

1.4 
ND < 2 

27 
15,000 

8 
1.7 
2.0 
1.6 
1 

15 
5 

D ( 20,000 

13 
2.4 

*These multiple results represent dnalyses by multiple andlytical labs. 
()Values in pcHt!ntheses indicdte dissolved ftdLtions. 

Ceeb> 
Dischar8e 

2 

D < 1 
3.5 

6 
2.5 
1.0 
4 

80 
22 

ND < 3 
9.5 
3.0 
5.5 

ND < 1 
300 

15,000 
7,600 

37,000 
27 
2.4 



1-1 
00 
1-1 

Table V-41 (Continued) 

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE 
AND ANALYSIS REPORfS FOR ASH POND OVERFLOW 

Pldnt 
Code Pollutant Concentration 

Intake 

2603 Benzene D ( 10 
(Combined Chloroform D < 10 
Fly Ash 1,1-Dichloroethylene NO 
dnd Bot- Ethyl benzene ND 
tom Ash Methylene Chloride D ( 10 
Pond) Phenol (GC/MS) ND/9* 

Bis(2-Ethylhexyl)Phthalate D ( 10 
Butyl Benzyl Phthalate D < 10 
Di-N-Butyl Phthdlate D < 10 
Diethyl Phthalate 50 
Dimethyl Phthalate NO 
Telrdchloroethylene D ( 10 
Antimony, Total ND < 2 
Arsenic, Total ND ( 20 
Cadmium, Total NO < 2 
Chromium, Total 10 
Copper, Total 22 
Mt!rcury, Totdl 0.2 
Nickel, Total 8 
Selenium, Total ND < 2 
Silver, Total ND < l 
Zinc, Totdl 88 
ToLal Dissolved Solid& 292 ,ooo 
Totdl Suspended Solid& 
Oil and Gredse 
Totdl Organic Carbon 9,000 
Aluminum, Totdl 497 

*These multiple results represent analyses by multiple analytical labs. 
()Values in parenthee:.es indicate dissolved fractions. 

<eeb> 
Discharge 

D < 10 
D < 10 
D < 10 
D < 10 

10 
ND/4* 
D ( 10 
ND 
D ( 10 

10 
D ( 10 
ND 

10 
300 

3 
12 
10 

10 
13 
4 

ND ( 60 
455,000 

D < 5000 
1,000 
6,000 

131 
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Plant 
Code 

2603 
(Cont'd) 

~ 5604 
(Combined 
Fly Ash) 

Table V-41 (Continued) 

SUMMARY OF DATA FROM 1THE VERIFICATION PROGRAM AND EPA SURVEILLANCE 
AND ANALYSIS REPORTS FOR ASH POND OVERFLOW 

Pollutant 

Bariu1111, Total 
Boron, Total 
Calcium, Total 
Manganese, Total 
Magnesium, Total 
Molybdenum, Total 
Sodium, Total 
Tin, Total 
Titanium, Total 
Iron, Total 
Vanadium, Total 

Benzene 
Ethyl benzene 
Toluene 
Antimony, Total 
Beryllium, Total 
Cadmium, Total 
Chroiuium, Total 
Copper, Total 
Cyanide, Total 
Lead, Total 
Men.ury, Total 
Nickel, Totdl 
Silver, Total 
Zinc.., Totdl 
Total Suspended Solids 
Total Organic.. Carbon 
Cnloride 
Vanadium, Total 

Concentration (ppb) 
Intake Discharge 

17 92 
ND < 50 209 

48,700 62, 100 
65 10 

15,300 15,500 
ND < 5 143 

23,600 32,000 
36 36 
18 ND < 15 

842 170 
22 

1.2 2.0 
D < 1 

9.1 3.5 
4 6 

ND < 0.5 '!!- 2.5 
NI> < 0.5 1.0 
ND < 2 4 

700 80 
4 22 
6 ND < 3 

ND < 0.2 0.2 
ND < 0. 5 9.5 
ND < 3 5.5 

53 300 
15,000 

5,500 7,600 
14,000 37,000 

11 27 

*These multiple results represent analyses by multiple analytical labs. 
()Values in parentheses indicate dissolved frac..tions. 
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Table V-41 (Continued) 

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE 
AND ANALYSIS REPORTS FOR ASH POND OVERFLOW 

Plant 
Code Pollutant Conc.entLation 

Intake 

3920 Beryllium, Total (Dissolved) ND (ND) 
(Fly Ash) Chromium, Total (Di&solved) 20/2*( l0/ND<5)* 

Copper, Total (Dissolved) ND(6/8(4/ND(6 )* 
Lead, Total (Dissolved) 20/ND(20*(18/40)* 
Nickel, Total (Dissolved) 2~/ND(3*(l4/ND(5)* 

Zinc, Total (Oi&&olved) ND/ND(60*(ND/ND(60)* 
Total Di&solved Solid& 220,000 
Tolal Suspended Solids 12,000 
Total Organh. Carbon 5,000 
Aluulinum, Total (Dhsolved) ND(50(ND(50) 
Bclril:lru, ToLal (Dil:isolved) 30(30) 
Boron, Total (Dissolved) 80(90) 
CalLium, Total (Dissolved) 28,000(27,000) 
Cobalt, Total (Dissolved) ND(5(ND<5) 
Manganese, Total (Dissolved) 50(50) 
Magnesium, Total (Dissolved) 7,200(7,400) 
Molybdenum, Total (Dissolved) Nl><5(6) 
Phenolh.s, 4AAP 40 
Sodium, Total (Dissolved) 18,000(17,000) 
Iron, Total 500 
Cadmium (Dissolved) (ND<3) 
Silver (DissolvedO (ND/ND)* 
Tin (Dis&olved) (20) 

*These multiple result& represent analyses by multiple analyti~al labs. 
()Values in pdrentheses indicate dissolved fra~tions. 

<!!eh> 
Discharge 

2(2) 
50/9*(41/8)* 
ND/)O*(ND/40)* 
8/ND(20*(14/30)* 
16/20*(ND<9/40)* 
180/lOO*(ND/200)* 

880,000 
73,000 
3,000 
5,000(6,000) 

60(ND<5) 
1,000(5,000) 

120,000(120,000) 
7(7) 

300(500) 
6,700(9,700) 

10(8) 
40 

35,000(47,000) 
2,000 

(10) 
(ND/5)* 
(20) 
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Table V-41 (Continued) 

SUMMARY OF DATA FROM THE VERIPICATION PROGRAM AND EPA SURVEILLANCE 
AND ANALYSIS REPORTS FOR ASH POND OVERFLOW 

Plant 
Code Pollutant Concentration <eeh) 

Intake Discharge 

3924 ChromiU111, Total (Dissolved) 7/ND(5*(ND/ND(5)* 27/70*(49/ND(5)* 
(Fly Ash) Copper, Total (Dissolved) 18/10*(16/9)* 32/ND<6*(42/ND(6)* 

Lead, Total (Dissolved) 10/ND<20*(5/ND<20)* 23/ND<20*(1/ND<20)* 
NiLkel, Total (Dissolved) 18/ND<5*(ND/ND<5)* 23/40*(10/6)* 
ZinL, Total (Dissolved) 20/ND<60*(20/ND<60)* 20/ND<60*(ND/ND<60)* 
Total Dissolved Solids 480,000 670,000 
Total Suspended ,Solids 15,000 16,000 
Total Organic Carbon 21 ,000 16,000 
Barium, Total (Dissolved) 40(40) 200(200) 
Boron, Total (Dissolved) 100( 100) l,000(6.,000) 
Calcium, Total (Dissolved) 57,000(55,000) 110,000(110,000) 
Mclnganese, Total (Dissolved) 100(50) 80(70) 
Mdgnesium, Total (Dissolved) 13,000(14,000) 14 ,000(14 ,000) 
Molybdenum, Total (Dissolved) ND<5(ND<5) 300(300) 
Phenolil.s, 4AAP 38 35 
Sodium, Total (Dissolved) 43,000(44,000) 38,000(39,000) 
Iron, Total 500 300 
Aluminum (Dissolved) ND< 50 60 
Tin (Disbolved) (20) (ND<5) 

3001 Chromium, Total (Dissolved) ND/lO*(ND/10)* 190/ND*(93/40)* 
(Combined Copper, Total (Dissolved) ND/10*(22/ND(6) ND/ND(6*(20/ND(6)* 
Fly Ash Lead, Total (Dissolved) ND/ND(20*(ND/ND(20)* 3/ND<20*(4/ND(20)* 
and Bot- NiLkel, Total (Dissolved) ND/6*(ND/ND(5)* 35/ND(5*(33/ND<5)* 
tom Ash Total Disbolved Solids 532,000 490,000 
Pond) Total Suspended Solids 170,000 30,000 

Oil and Grease 25,000 24,000 
Alwninum, Total (Dissolved) 500(ND(50) 2,000(200) 

*These multiple resultb represent analyses by multiple analytical labs. 
()Values in parenthebes indicate dissolved fraLtions. 
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Table V-41 (Continued) 

SUMMARY OF DATA FROM THE VERIFIC.ATION PlWGRAM AND EPA SURVEILLANCE 
AND ANALYSIS REPORTb FOR ASH PONO OVERFLOW 

Plant 
Code Pollutant Conc.entration 

Intake 

3001 Barium Total (Dissolved) 40(60) 
(Cont'd) Boron, Total (Dissolved) 60(200) 

Cal(..ium, Total (Dissolved) 38,000(48,000) 
Mangane&e, Total 40 
Cadmium (Dissolved) ND ( l. 
Mdgne&ium, Total (Dissolved) 23 ,OOO(l.. 7 ,000) 
Molybdenum, Total (Dissolved) ND ( 5(ND(5) 
Phenol ks, 4AAP 
bodium, Total (Dissolved) 57,000(66,000) 
Tin, Total (Dissolved) ND < 5(20) 
Iron, Totdl 200 
Vanddium, Total ND/ND(lO* 
1,1,2,l..-Tetrd(..hloroethane 24 
lllll. (Dis&olved) (ND/ND(60)* 

5410 Cddmiuru, Total (Dissolved) 9(6) 
(Combined Chromium, Totdl (Dissolved) 7 /70*(9/7 )* 
Fly A&h Copper, Total (Dissolved) 15/6*(9/ND(6)* 
and Bot- Ledd, Totdl (llissolved) l7/ND(20*(9/ND(20)* 
tom Ash Nil.kel, Total (Dissolved) 22/30*(9/6)* 
Pond) Silv~r, 1otdl (Dissolved) ND/ND(l*(ND/2)* 

Zinl., Total 20/ND(60*(Nll/ND(60)* 
Totdl Dis&olved Solids 200,000 
Totdl Suspended Solids 9,000 
Toldl Orgdnic Carbon 9,000 
Aluminum, Total ND < 50 
Barium, Totdl (Dissolved) 30(30) 
Boron, Total (Dissolved) 60(70) 

*These multipl~ te&ult& represent andlyses by multiple analytical labs. 
()Values in parentheses indicate dissolved fral.tion&. 

<eeb> 
Dis(..harge 

200(80) 
2,000(2,000) 

64, 000(38, 000) 
ND < 5 

8 
11,000( 11,000) 

30(20) 
14 

70,000(69,000) 
7(20) 

ND ( 200 
Nll/20* 

(20/ND(60)* 

4(ND<2) 
l6/100*(ND/ND<5)* 
29/20*(61/10)* 
ND/40(ND/ND(20)* 
66/100*(43/30)* 
ND/6*(ND/2)* 
40/ND(60*(30/ND(60)* 

J00,000 
20,000 
8,000 

800 
40(30) 

100(300) 
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Table V-41 (Continued) 

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE 
AND ANALYSIS REPORTS FOR ASH POND OVERFLOW 

Plant 
Code Pollutant Concentration -- Intake 

5410 Calcium, Total (Dissolved) 27,000(27,000) 
(Cont'd) Cobalt, Total NI> < 5 

Manganese, Total (Dissolved) 40(ND(5) 
Magnesium, Total (Dissolved) 7 J 700(7 ,300) 
Molybdenum, Total ND < 5 
Phenolics, 4AAP 9 
Sodium, Total (Dissolved) 18,000(17,000) 
Tin, Total (Dissolved) lO(rm<5) 
Titanium, Total ND < 20 
Iron, Total 400 
Vanadium, Total Nl>/ND<lO* 
Yttrium, Total NL> < 20 
Arbeni<.. (Dissolved) ND 

4203 l,l,1-Tric..hloroethane 0.68 
(Combined Chloroform 0.17 
Jt'ly Abh Methylene Chloride 
and Bot- Penta<..hlorophenol 3.8 
tom Abh Te tr adllo roe thy lene 0.4 
Pond) Trichloroethylene 0.57 

4,4'-Dl.>U (P.P'-TDE) D < 0.1 
Ar&enic, Totdl 2 
Cadmium, Total 4 
Chromium, Total 3 
Copper, Total 8 
Ledd, Totdl 1. 7 
Nit...kel, Total 18 
Selenium, Total 3 
Silver, Total ND < 2 • 
Zin<.., Totdl 32 
Iron, Total 1t100 

*These multiple results represent and~Seb by multiple analytical labs. 
()Values in pdrentheses indicate dissolved fra<..tions. 

(ppb) 
Disc..harge 

40,000(38,000) 
20 

100(200) 
9,100(8,200) 

8 
6 

22,000(24,000) 
10(6) 
50 

2,000 
ND/10* 

20 
14 

0.25 
32 
6.5 

NI> < 2 
13 
8 
1.2 

24 
NI> < l 

2 
15 

1,200 
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Table V-42 

CONDITIONS UNDER +lllICH ARSENIC IN ASH POND OVERFLOW EXCEEDS 0.05 mg/l (19) 
(mg/l) 

I' I dill l'ldlll Oll and Nu of 
Lu de (dftac.lty tuel* pll I!>'> Ai. 'u < r Cd Ni h l'b Ilg Zn Se Gr east. !Jd111ple:. 

'l 

J/11 /81 1../0 6 '·8 J.4 5 0 Ob 0 () 05 0 OJ. () u J6 o I 0 UOJ. u 14 0 UU7 0 J.J 18 

J/U8 46b L/0 8 '•8 14 0 lf1 U I 0 05 U UJ. U I 0 ,,, U I 0 OUJ u 01 o uu:i 0 16 6 

U51J. I 311 I c 8 J.9 16 5 u 19 U Ul 0 01 u 01 u 6J u 14 U OUI () 04 0 Oil 4 0 7 

J710 .l90 c/o 9 07 I J.7 0 '"6 0 IJ. o o~ 0 OJ. 0 I 0 3 0 I U OOJ.J 0 11 o o~ 0 IJ 

41.18 I 16J c./o 6 63 36 8 U I JI 0 015 0 OOJ. 0 038 0 74 0 002 0 000~ 0 087 0 9 

3701 4J.1 c/o 18 0 0 09 0 05 o o~ u 01 0 05 0 47 0 05 u 001 0 05 0 10 I 0 J 

J.103 694 (. 8 '• J.0 0 21 0 15 0 005 0 005 () 52 0 007 0 0001 0 02 0 01 0 79 ) 

J805 660 c 15 0 06 II i I 0 OJ. IJ OUJ. 0 01 0 0001 0 04 

---- ------------
kc - c.oul 

0 - tlil 
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Table V-43 

ARSENIC CONCENTRATIONS IN ASH POND EFFLUENTS (23, 24) 

Station Ash Pond Effluent 
Size Type Concentrations 

Location (MW) (ppb)a --
Western w. Virginia NA Bottom <5 

Eastern Ohio NA Bottom 7 

Souc:hern Ohio NA Bottom <5 

Eastern Michigan NA Bottom 30 
Southeast Michigan NA Fly 40 
Southeast Ohio NA Fly 200 
Eastern Missouri NA Bottom 20 

Central Utah NA Bottom <5 

Western W. Virginia NA Fly 8 

Southern Ohio NA Fly 10 
Wyoming 750 Combined <l 

Florida 948 Combined 9 
Upper Appalachia 2900 Combined 74 

aoetection limit for NUS is 5 ppb/for Radian, 1 ppb. 

NA - Not Available 

Plant Water 
Intake Cone. 

(ppb) 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
<l 

3 
<l 

Data 
Sources 

23 

23 
23 
23 
23 

23 
23 
23 
23 

23 
24 

24 
24 



LOW VOLUME WASTs~ 

Low volume wastes include boiler blowdown, waste streams from water 
treatement, and effluent from floor and yard drains. 

Boiler Blowdown 

Power-plant boilers are either of the once-through or drum-type 
design Once-through designs are used almost exclusively in high
pressure, supercritical boilers and have no wastewater streams 
directly associated with their operation. Drum-type boilers, on the 
other hand, operate at subcritical conditions where steam generated in 
the drum-type units is in equilibrium with boiler water Boiler water 
impurities are, therefore, concentrated in the liquid phase. The 
concentration of impurities in drum-type boilers must not exceed 
certain limitations which are primarily a function of boiler operating 
conditions Table V-44 presents recommended limits of total 
(dissolved and suspended) solids in drum-type boilers as a function of 
drum pressure (25) Boiler blowdown, therefore, serves to maintain 
specified limitations for dissolved and suspended solids In response 
to the 308 questionnaire, 544 powerplants out of a total 794 indicated 
presence of boiler blowdown at their facilities 

The sources of imourities in the blowdown are the intake water, 
internal corrosLon of the boiler, and chemicals added to the boiler 
system. ImpurLties contributed by the intake water are usually 
soluable inorganic species (Na+, K+, Cl-, 50 4 2, etc ) and 
precipitates containing calcium/magnesium cations Products of boiler 
corrosion are soluble and insoluble species of iron, copper, and other 
metals. A numoer of chemicals are added to the boiler feedwater to 
control scale formation, corrosion, pH, and solids deposition A 
summary of types of chemicals used for these purposes is presented in 
table V-45. In1addition, the following proprietary chemicals which 
may contribute chromium, copper, and phenol species to the boiler 
blowdown were ident1f ied: 

NALCO :17 - contains chromium 
NALCO 7~ - contains phenol 
NALCO 425L - contains copper 
CALGON CL35 - contains sodium dichromate 

The boiler blowdown is usually of high quality and even may be of 
higher quality than the intake water. It is usually suitable for 
internal reuse 1n the powerplant, for example, as cooling water makeup 
(26, 27) Table V-46 presents a statistical analysis of regional EPA 
data on the quaJity of boiler blowdown It should be noted that mean 
concentrations of pnosphorous are computed on the basis of 19 data 
points Phosphorous is evidently contributed by phosphate-containing 
chemicals used for solids deposit1on control Under certain 
conditions, the concentrations of corrosion proaucts such as copper 
and iron may be high One power company in Southern California 
reported maximum concentrations of copper and iron as 2 and 20 ppm, 
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Table V-44 

RECOMMENDED LIMITS OF TOTAL SOLIDS IN 
BOILER WATER FOR DRUM BOILERS (25) 

Drum Pressure 
(atm) (psi) Total 

0-24.4 0-300 

20.41-30.5 301-450 

30.51-40.8 451-600 

40. 18-51 • 0 601-750 

51.01-61.0 751-900 

61.01-68.0 901-1000 

68.01-102.0 1001-1500 

102-01-136 1501-2000 

)136 )2000 

190 

Solids (mg/l) 

3500 

3000 

2500 

2000 

1500 

1250 

1000 

750 

1 5 



Control 
ObJective 

Scale 

Corrosion 

pH 

Solids 
Deposition 

Table V-45 
' 

CHEMICAL ADDITIVES COMMONLY ASSOCIATED WITH 
INTERNAL BOILER TREATMENT (25) 

Candi.date Chemical Additives 

di- and tri.-sodium phosphates 

Ethylene di.ami.netetraceti.c 
acid (EDTA) 

Ni.tri.lotriacetic acid (NTA) 

Alginates 
Polyacrylates 
Polymethacrylates 

Sodium sulfite and catalyzed 
Sodium sulfite 

Hydrazine 
Morpholi.ne 

Sodium hydroxide 
Sodium carbonate 
Ammonia 
Morpholi.ne 
Hydrazine 

Tannins 
LLgni.n deri.vi.ti.ves 

Starch 
Alginates 
Polyacrylamides 
Polyacrylates 
Polymethacrylates 
Phosphates 

191 

Residual Concentration 
in Boiler Water 

3-60 mg/l as Po4-

20-100 mg/1 

10-60 mg/l 

up to 50-100 mg/l 

less than 200 mg/l 

5-45 mg/l 

added to adJust 
boiler water pH to 
the desired level, 
typically 8.0 - 11.0 

(200 mg/l 

20-50 mg/1 



'fable V-l~6 

STATISTICAL ANALYSIS OF BOILER BLOWDOWN CHARACTERISTICS 

(Discharge Monitoring Data - EPA Regional Offices) 

Mean 
Number of Concentration 

Pollutants Points (mg/l) Log. Mean Standard Deviation Log. Deviation 

Copper 258 • 14 2.9615 .2888 1.2845 

Iron 273 .53 2.3486 2.0609 1.6351 

Oil & Grease 151 1. 74 .0276 4.5311 .9807 

...... Phosphorous 19 17.07 1 . 8363 12.5154 2.3911 
~ 

rv 
Suspended 230 66.26 1.2198 500.3967 1 • 9421 



respectively These high values were observed immediately after 
boiler chemical cleaning (26) 

Boiler blowdown may be discharged either intermittently or con
tinuously Table V-47 contains a statistical analysis of flow rates 
reported in the 308 responses from industry 

Three plants were sampled for boiler blowdown during the verification 
phase of the sampling program The results are summarized in Table V-
48 Pollutants not listed were not detected 

Water Treatment 

Boiler feedwater is treated for the removal of suspended and dissolved 
solids to prevent scale formation. The water treating processes 
include clarification, filtration, lime/lime soda softening, ion 
exchange, reverse osmosis, and evaporation 

Clarification 

Clarification is the process of agglomerating the solids in a stream 
and separating the~ by settling. The solids are coagulated, by 
physical and chemical processes, to form larger particles and then 
allowed to settle. Clarified water is drawn off and may be filtered 
to remove any traces of turbidity (l) Chemicals commonly added to 
the clarification process are listed in table V-49. As the table 
shows, none of these chemicals contain any of the 129 priority 
pollutants Table V-50 presents a statistical analysis of clarifier 
blowdown flow rates reported by the industry in response to the 308 
questionnaires Table V-51 presents a statistical analysis of filter 
backwash flow rates reported by the industry in response to the 308 
questionnaires 

Ion Exchange 

Ion exchange processes can be designed to remove all mineral salts in 
a one-unit operation and, as such, is the most common means of 
treating supply water The ion exchange material is an organic 
resinous material manufactured in bead form The resin may be one of 
two types· cation or anion The ion exchange process generally 
occurs in a fixed bed of the resin beads which are electrically 
charged The beads attract chemical ions of opposite charge. Once 
all of the available sites on the resin beads have been exhausted, the 
bed must be regenerated. During regeneration, the bed is backwashed 
(the normal flow throughout the bed is reversed), causing the bed to 
erupt and the solids to be released A regenerant solution is then 
passed over the resin bed, for approximately 30 minutes for cation 
resins and 90 m1nutes for anion resins. The bed is then rinsed with 
water to wash the remaining voids within the bed 

1 I 11 I I ~ -

The resulting exchange wastes are generally acidic or alkaline with 
the exception o[ sodium chloride solutions wnich are neutral While 
these wastes do not have significant amounts of suspended solids, 
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Table V-47 

BOILER BLOWDOWN FLOWRATES 

(308 questionnaire data) 

Number Mean Standard Minimum Maximum 
Variable of Plants Value Deviation Value Value --- ---- ---

Fuel. coal* 

Flow GPD/pldnt 231 33,259 71 ,682 0. 11 650,000 
GPD/MW 230 148 392 3,717 

Fuel _ __gas* 

Flow GPO/plant 189 19,346 60,933 4 700,000 
GPD/MW 189 163 669 0.08 8,470 

Fuel oil* 

Flow GPO/plant 148 66, 173 320, 106 2.7 3,810,000 
GPD/MW 148 287 1 • 23 7 0.12 ll •. 066 

*Fuel designdtions are determined by the fuel which contributes the most Btu for 
power generation for the year 1975. 



Table V-48 

SURVEILLANCE AND ANALYSIS DATA FOi:{ BOILER BLOWDOWN 

Plant 
Code 

1003 

Pollutant 

Chloroform 
Dichlorobromomethdne 
Chlorodibromomethane 
Arsenic, Totdl 
Copper, Total 
Mercury, Totdl 
Zinc, Total 
Total Dissolved Solids 
Total Suspended Solid& 
Oil and Grease 
Total Organic Carbon 
Phenolics, 4AAP 

4203 1 ,1 ,2-Trichloroethane 
Chloroform 
Bromoform 
Dichlorobromomethane 
Chlorodibromomethane 
Phenol, GC/MS 
Trichloroelhylene 
Antimony, Tolal 
Arsenic, Total 
Cadnnum, Totdl 
Copper, Total 
Lead, Total 
Mercury, Total 
Zinc, Total 
Iron, Total 

Concentration (ppb) 

Intake Discharge 

68 ND 
23 ND 
3.8 ND 
3 2 
9 8 
1 -----

104 10 
207,000 100,000 

2,800 800 
----- 5,000 
2,280 1 '250 

D < 20 D < 20 

0.23 ND 
4.4 0. 12 
0.07 ND 
0.87 ND 
0. 17 ND 
4.2 6.4 
0. 1 J ND 

ND ( 1 6 
2 2 
4 5 

22 520 
ND ( 20 40 

1.5 1. 7 
10 68 
10 60 



Plant 
Code 

2603 
Unit 111 

Table V-48 (Continued) 

SURVEILLANCE AND ANALYSIS DA1'A FOR BOILER BLOWDOWN 

Pollutant 

Benzene 
1 ,1,1-Trichloroethane 
1,1,2,2-Tetrdchloroethane 
Chloroform 
1 ,1-Dichloroethylene 
l!':thylbenzene 
Methylene Chloride 
Phenol, GC/MS 
Bis(2-Ethylhexyl) Phthalate 
Butyl Benzyl Phthalate 
Di-N-Butyl Phthalate 
Diethyl Phthalate 
Tetrachloroethylene 
Toluene 
Trichloroethylene 
Antimony, Totdl 
Chromium, Totdl 
Copper, Totdl 
Ledd, Total 
Mercury, Total 
Nickel, Total 
Seleni.um, Totdl 
Zinc, Total 
Total Dissolved Solids 
Totdl Suspended Solids 
Total Organic Carbon 
Calcium, Total 
Manganese, Total 
Magnesium, Totdl 

Concentration (ppb) 

Intake 

D < 10 
ND 
ND 
D < 10 
ND 
ND 
D < 10 
ND/9 
D ( 10 
D < 10 
D < 10 

50 
D < 10 
ND 
D ( 10 
ND < 2 

10 
22 

ND ( 20 
0.2 
8 

ND ( 2 
88 

292,000 

9,000 
48,700 

65 
15,300 

Discharge 

290 
D < 10 
D < 10 
D < 10 

60 
D < 10 

910 
ND/15 
D ( 10 
ND 
D ( 10 
D ( 10 
D < 10 
D ( 10 
ND 

10 
6 

26 
36 

ND < 0. 1 
1.3 
5.7 

72 
11 • 000 

D ( 5,000 
D ( 3, 000 
D ( 5, 000 
ND ( 5 
ND ( 1,000 



Table V-48 (Continued) 

SURVEILLANCE AND ANALYSIS DATA FOR BOILER BLOWDOWN 

Plant 
Code 

2603 
Unit 111 
(Cont'd) 

Pollutdnt 

Molybdenum, Total 
Sodium, Total 
Titanium, Total 
Iron, Total 

2603* Henzene 
Unit 112 1,1-Dichloroethylene 

1 ,3-Dichloropropene 
Ethylbenzene 
Methylene Chloride 
Bromof orm 
Phenol~ GC/MS 
01-N-Hutyl Phthalate 
Diethyl Phthalate 
Tetrachloroethylene 
Toluene 
Antimony, Total 
Copper, Total 
Totdl Dissolved Solids 
Total Suspended Solids 
Total Orgdnic Carbon 
Aluminum, Total 
Calcium, Total 
Molybdenum, Totdl 
Sodium, Total 

Concentration (ppb) 

Intake 

ND ( 5 

18 
842 

Discharge 

61 
D ( 15,000 
ND ( 5 

30 
D ( 10 
D ( 10 
D ( 10 

30 
D < 10 
ND/10 
D ( 10 
D ( 10 
D ( 10 
D ( 10 

20 
8 

7,000 
D ( 5 ,000 

3,000 
213 

D ( 5,000 
55 

D ( 15,000 

*Intake data for Plant 2603, Unit 112 is the same as that for Plant 2603, Unit #1. 



Table V-49 

COAGULATING AND FLOCCULATING AGENT CHARACTERISTICS (25) 

Coagulant/Flocculant Purpose Normal Dosage {mg/l} 

Alum Main Coagulant 5-50 
Al2(S04)3 • 14 H20 To assi~t coagulation with 2-20 

aluminate 

Aluminate Main Coagulant 5-15 
Na2Al204 To assist coagulation with (0. 1 to 0.5 of 

alum alum dosage) 

Ferric Chloride Main Coagulant 5-50 
FeCl2 ~ 6 H20 

....... Copperas Main Coagulant 5-50 ID 
00 FeS04 • 7 H20 

Weighting Agents Coagulant Aid -----
(bentenite, kaolin, 
montmorillonite) 

Absorbents Coagulant Aid -----
(powdered carbon, 
activated alumina) 

Polyelectrolytes Coagulant Aid (2 
(inorganic activated 
sil1ca and organic 
polymers) 



....... 
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ID 

Table V-50 

CLARIFIER BLOWDOWN FLOWRATES 

(308 questionnaire data) 

Number Mean Standard Minimum Maximum 
Variable of Plants Value Deviation Value Value ----- ----- ---- ------- ---- ----

Fuel coal* 

Flow gpd/plant 88 29,966 7 '•, 518. 4 7 605,000 
gpd/MW 87 64.8 200.9 0.04 1 , 208 

Fuel ga& ----
Flow· gpd/plant 26 57, 653 234,909 10 1 ,200,000 

gpd/MW 26 210.8 914 0. 11 4,678 

Fuel. oil 

Flow gpd/plant 14 19,779 29,820 20 100,420 
gpd/MW 14 107.9 196.8 0. 1 5 697 

---------------
*Fuel designations are determined by the fuel which contributes the most Btu 

for power generation for the year 1975. 
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Table V-51 

FILTER BACKWASH FLOWRATES 

(308 questionnaire data) 

Number Mean Standard Minimum Maximum 
Variable of Plants Value Deviation Value Value 

Fuel. coal* 

Flow. gpd/plant 155 25,460 42,027 1.6 300,000 
gpd/MW 154 71 258 0.013 2 ,400 

Fuel. gas* 

Flow gpd/plant 58 7,827 15, 1 53 40 94,200 
gpd/MW 58 Id 87 0. 1 404 

Fuel oil* 

Flow gpd/plant 58 25,003 58 ,l.1 0 30 250,000 
gpd/MW 58 168 677 0. 13 4,528 

*Fuel designations are determined by the fuel which contributes the most Btu for 
power generation in the year 1975. 



certain chemicals such as calcium sulfate and calcium carbonate have 
extremely low solubilities and are often precipitated because of 
common ion effects 

The wastes may be collected in an equalization tank or basin and 
neutralized with acid or alkali or slowly mixed with other nonprocess 
wastes prior to treatment. In the cases where the wastes are mixed 
with other non-process water, there may be the effect of 
neutralization by the natural alkalinity or acidity of the non-process 
stream In any of the treatment cases discussed above, the treated 
water is suitable for reuse as non-process makeup water 

Spent regenerant solutions, constituting a significant part of the 
total flow of wastewater from ion exchange regeneration, contains ions 
which are eluted from the ion exchange material plus the excess 
regenerant that is not consumed during regeneration The eluted ions 
represent the chemical species which were removed from water during 
the service cycle of the process Table V-52 presents a summary of 
ion exchange material types and regenerant requirements of each. 
Historical raw waste load data for ion exchange regenerant is shown in 
table V-53 Table V-54 contains a statistical analysis of ion 
exchange spent r.egenerant flow rates reported in the industry response 
to the 308 questionnaire. 

Lime/Lime Soda Softening 

In lime softening, chemical precipitation is applied to hardness and 
alkalinity Calcium precipitates as calcium carbonate (CaC03 ) and 
magnesium as magnesium hydroxide (Mg(0H) 2 ) The softening may take 
place at ambient temperatures, known as cold process softening, or at 
elevated temperatures (100 C or 212 F), known as hot process softening 
(1) The hot process accelerates the formation of the carbonaces and 
hydroxides Hot. process softening is commonly employed for treating 
boiler feed water in facilities where steam is generated for heating 
processes as well as electric power generation. Since lime and/or 
soda ash are the only chemicals added in this process, none of the 
priority pollutants will be introduced in the system Table V-55 
presents a stati5tical analysis of lime softener blowdown flow rates 
reported by the industry in response to the 308 questionnaires 

Evaporator Blowdown 

Evaporation is a process of purifying water by vaporizing it with a 
heat source and condensing the vaporized water The influent water 
evaporates and is ducted to an external product condenser In the 
lower portion of the evaporator, a pool of boiling water is maintained 
at a constant level to keep the heat source (steam tubes) immersed in 
liquid. Water is periodically blown down from the bottom to lower the 
contaminant levels Table V-56 presents historical raw waste load 
data for the evaporator blowdown As indicated in this table, 
suspended solids in the blowdown may reach very high levels Table v-
57 presents a statistical analysis of evaporator blowdown flow rates 
reported by the industry in response to the 308 questionnaires 
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Table V-52 

ION EXCHANGE MATERIAL TYPES AND REGENERANT REQUIREMENT (25) 

Ion Exchange Material 

Calion Exchimge 
Sodium Cycle 

llydrogc.n Cycle 
\~eak Acid 

Slrong At..id 

Anion Exchange 
Weak llase 

Slrong 8.Ise 

Descriplion of Operalion 

Sodium cyt..le ion c.xt.hdnge is used as 
a waler aoflening procc.ss. Calcium, 
magnesium, and other divdlenl caLions 
are exchdnge for more soluble sodi111n 
calioni., i e., 

2Rc - Nd + Ca-l--r 

21tc - Na _ llgH 

(Rc)2 - Ca + 2 NA+ 

(Re) - Mg + 2 Na+ 

Weak acid ion exchange removes 
calions from waler in quanlilies 
equivalenl lo Lhe lolal alkalinily 
presenl in lhe waler, i.e , 

Slrong acid ion exchdnge removes 
calions of all soluble salls in 
waler, i.e.-, -

Re - II NaCl Re - Na + llCl 

Weak base ion exchange removes anions 
of all strong mineral acids (lllS04, 
llCl, llN03, ett.. ) , i e., 

Strong base ion exchange removes 
anions of all soluble salls in waler 
i,e , 

!!generdnl Solulion 

10% brine (NdLl) solution or 
some olher solution with a 
relalively high sodiura con
lenl such as sed waler. 

ll2S04 or llCl solulions wilh 
acid slrenglhs as low as 
0 5% 

ll2S04 or llCl solutions wilh 
acid slrenglhs ranging from 
2 0-6.0'7. 

NdOll, Nll40ll, NalC03 so lulions 
of variable slrenglh 

NaOll solutions dt approxlmale 
4 07. slrenglh. 

Regener ant 
Requirc.ment 

Th!Q!~Lical Amounl 

110-1207. 

200-4007. 

120-1407. 

150-300% 



Table V-53 

ION EXCHANGE SPENT REGENERANT CHARACTERISTICS 

(Discharge Monitoring Data - EPA Regional Offices) 

Mean Standard Minimum Maximum 
Pollutant Value Deviation Value Value 

pH (122 entries) 6. 1 5 2 ·'·5 1. 7 10.6 

Suspended solids (mg/l) 44 60. 14 3.0 305 
(88 entries) 

Dissolved solids (mg/l) 6,057 2,435 1. 894 9,645 
(39 entries) 

N 
0 Oil and Grease (mg/l) 6.0 6.7 0. 13 22 w 

(29 entries) 
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Table V-54 

ION EXCHANGE SOFTENER SPENT REGENERANT FLOWRATES 

(308 Questionnaire Data) 

Number Mean Standard Minimum Maximum 
Variable of Plants Value Deviation Value Value ---

Fuel coal* 

Flow gpd/plant 104 9,290 16,737 14.4 107,143 
gpd/MW 104 79 264 o. 12 2,028 

Fuel gas* 

Flow gpd/plant 86 11 • 1 42 32,663 7 164,000 
gpdlMW 86 84 247 0. 12 2,058 

Fuel oil* 

Flow gpd/plant 42 19,358 32,965 16 132,000 
gpd/MW 42 226 764 0.43 4,633 

*Fuel des1gnat1ons are determined by the fuel which contributes the most Btu for 
power generation in the year 1975. 



IV 
0 
lJ1 

Table V-55 

LIME SOFTENER BLOWDOWN FLOWRATES 

(308 Quest1onna1re Data) 

Number Mean Standard Minimum Maximum 
Variable of Plants Value Deviation Value Value --- ------ ---- ----

Fuel coal* 

Flow gpd/plant 37 26,228 85,069 29 50,000 
gpd/MW 37 56 11 7 0.28 625 

Fuel gas* 

Flow gpd/plant 40 30,937 144,642 1 5 900,000 
gpd/MW 40 1 54 558 0.17 1,508 

Fuel oil* 

Flow gpd/plant 1 5 1 5 ,808 57,099 75 222,180 
gpd/MW 15 216 818 0.62 3' 1 74 

*Fuel designations are determined by the fuel which contributes the most Btu for 
power generation in the yedr 1975. 



Table V-56 

EVAPORATOR BLOWDOWN CHARACTERISTICS 

(Discharge Monitoring Datd - EPA Regional Offices) 

Mean 
Number of Concentration 

Pollutants Points {mg/l} Log. Mean Standard Deviation Log. Deviation 

Copper 9 .39 -.9671 .0875 .2080 

Iron 9 .54 -.6198 .0831 .1543 

Oil & Grease 9 2. 1 .7085 .4841 .2404 

N Suspended 
0 Solidi:. 31 28.4 2.4499 36.7079 1.5392 O'I 
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Table V-57 

EVAPORATOR BLOWDOWN ~1...0WRATES 

(308 Questionnaire Data) 

Number Mean Standard Minimum Maximum 
Variable of Plants Value Deviation Value Value --- ---

Fuel. coal* 

Flow gpd/plant 104 29,310 96,221 2 962,800 
gpd/MW 104 126 810 8,292 

Fuel. _gas* 

Flow gpd/plant 83 13,647 34,312 8 215,000 
gpd/MW 83 74 222 0.02 1 , 51 2 

Fuel oil* -------
Flow gpd/plant 57 320,293 2 , 111 • 836 15 15,900,000 

gpd/MW 57 4,781 34,796 0. 11 262,809 

*Fuel designation are determined by the fuel which contributes the most Btu for 
power generation in the year 1975 



Reve-se Jsmosis 

Reverse osmosis is a process in which a semipermeable membrane-
generally cellulose acetate or a polyamide--separates two solutions of 
different concentrations. In the case of a salt solution, use of a 
membrane impermeable to salt will allow only water to leave the 
solution, producing one stream with a greater salt concentration than 
the feed and one, more dilute The concentrated stream is called the 
reverse osmosis brine and constitutes the waste stream from the 
proce~s. Table V-58 presents a statistical analysis of reverse 
osmosis brine flow rates reported by the industry in response to the 
308 questionnaires. In the water treatment schemes reported by the 
industry, reverse osmosis was always used in con]unction with 
demineralizers and somet1mes in con]unction with clarification, 
filtration, and ion exchange softening 

Drains and Spills 

Floor and Yard Drains 

There are numerous sources of wastewater in the nature of piping and 
equipment drainage and leakage throughout a steam electric facility. 
The list in table V-59 is a representative compilation of the sources, 
showing maJor contaminants, the likelihood of occurrence, potential 
severity, and control techniques which might be employed. There have 
been no data reported for this stream, however, the pollutant 
parameters which may be of concern would be oil and grease, pH, and 
suspended solids. 

Laboratory Streams 

Many steam electric powerplants maintain laboratory 
carry out chemical analyses as a part of controlling the 
the plant. This would include elemental analysis and 
analysis of coal, analysis of treated boiler water, and 
cleaning chemical analysis. 

facilities to 
operation of 
heating value 
boiler tube 

The wastes from the labe>ratories vary in quantity and constituents, 
depending on the use of the facilities and the type of powerplant. 
The chemicals are usually present in extremely small quantities. It 
has been common practice te> combine laboratory drains with other plant 
plumbing. 

Samolina Results 

Demineralizer regenerants were sampled 1n three facilities during the 
verification phase of the sampling program Analytical results are 
presented in Table V-60 

METAL CLEANING WASTES 

Metal cleaning wastes include wastewater from che~ical cleaning of 
boiler tubes, air preheater washwater, and boiler fireside washwater. 
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Table V-58 

REVERSE OSMOSIS BRINE FLOWRATES 

(308 Quehttonnaire Datd) 

Number Mean Standard Minimum Maximum 
Variable of Plants Value Deviation Value Value ----- ----

Fuel. coal* 

Flow gpd/plant 3 10,674 1 8, 1 92 3 31,680 
gpd/MW 3 31 53 0.25 92 

Fue!_:__-gas* 

Flow gpd/plant 11 18, 179 27,437 465 95 ,000 
gpd/MW 11 55 42 23 165 

*Fuel designations are determined by the fuel which contributes the most Btu for 
power generation in the yedr 1975. 



Source 

OU-water lleat 
Exchangers 

Oil Tank, Lines & 
Transformer 
Ruplure 

Floor Spills 

Oil Drips and 
Tank Leakage 

Sump Discharges 
from Service 
Bldg & Yard 

Chemical Tank 
Rupture 

Chemical Tank 
Leakage 

Table V-59 

EQUIPMENT DRAINAGE AND LEAKAGE (1) 

Major Contaminants 

Oil 

Oil 

Suspended Solids or Oil 

OU 

Oil and Suspended Solids 

Regenerant and cleaning 
chemicals 

Regenerant and cleara.ng 
chemicals 

Frequenc>: 

Remo le 
Possibility 

Remote 
Possibility 

Daily 

Daily 

Often 

Remo le 
Possibilily 

Occasional 

Potential 
Severit>: 

Severe 

Severe 

Slight 

Slighl 

Slight 

Severe 

Shgnt 

NOfE Oil Spill Contingency Plans would apply to significant oil releases. 

Potenlial Control Techniques 

1. Continuous Gravily Separation 
2. Deleclion and Batch Gravity 

Separation 
J. Deleclion & Mechanical 

Separalion 
4. Maintain pressure of water 

grealer lhan oil 

1. Isolalion from Drains 
2. Containment of Drainage 

1 
2 

Plug Floor Drain 
Route rloor Drainage Through 

Clarifier & Gravily or 
Mechanical &eparalion 

1 Isolate from Floor Drains 
2 Roule to Gravily or 

Mechanical Separation 

I. Isolate and route clarifier 
and gravity or mechanical 
separation 

1 Conlainment of Drainage 
2 Isolation from Drains 
3. Roule drains lo Ash Pond or 

Holding Pond for 
Neutralization 

I. Isolale from Floor Drains 
2. Route drains to Ash Pond or 

Holding Pond 



Plant 
Code 

1003 

4203 

Table V-60 

SURVEILLANCE AND ANALYSIS DATA FDR DEMINERALIZER REGENERANT 

Pollutant 

1 ,1 ,1-Trichloroethane 
Chloroform 
Bromoform 
01chlorof luoromethane 
Arsenic, Totdl 
Copper, Total 
Mercury, Total 
Selenium, Total 
Zinc, Total 
Total Dissolved Solids 
Total Suspended Solids 
Total Organic Carbon 

Chlorobenzene 
1 ,1 ,2-Trichloroethane 
Chloroform 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichloroben~ene 

Methylene Chloride 
Bromoform 
Dichlorobromomethane 
Chlorodibromomethane 
Nitrobenzene 
Phenol, GC/MS 
Di-N-Octyl Phthalate 
Trichloroethylene 
Arsenic, Total 
Cadmium, Total 
Chromium, Total 

Concentration (ppb) 

Inldke 

ND 
68 
23 

3.8 
3 
9 
1 
1 

104 
207,000 

2,800 
2,280 

ND 
0.23 
4.4 

ND 
ND 
ND 
ND 

0.07 
0.87 
0. 17 

ND 
4.2 

ND 
0. 13 

2 
4 

ND(2 

Discharge 

2 
1.8 

4,584,000 
9,250 
4,810 

0.67 
0.68 

38 
39 

0.3 
s.2 

)220 
ND 
ND 
ND 
81 

3.8 
22 

0.38 

35 
26 



Table V-60 (Continued) 

SURVEILLANCE AND ANALYSIS DATA FOR DEMINERALIZER REGENERANT 

Plant 
Concentration (ppb) 

Code Pollutant Intake Discharge 

4203 Copper, Total 22 65 
(Cont'd) Cyanide, Total 0 0.04 

Lead, Total ND(20 24 
Mercury, Total 1 c 1 , 

I oJ I • 0 
Nickel, Total ND(20 230 
Silver, Total ND(2 58 
Zinc, Total 10 54 
Iron, Total 10 5,000 
Acetone ----- 8.7 

l\J 2603 Benzene D(10 ND 
I-' Chloroform ND(10 140 N 

1 ,1-Dichloroethylene ND D(10 
Methylene Chloride D(10 60 
Bromof orm ND D<lO 
Dichlorobromomethane ND 70 
Chlorodibromomethane ND 30 
Phenol, GC/MS ND/9 ND/4 
Bis(2-Ethylhexyl) Phthalate D(10 D(lO 
Butyl Benzyl Phthalate D(10 -----
Di-N-Butyl Phthalate D<lO D<lO 
Diethyl Phthalate so D(10 
Tetrachloroethylene D<lO D(10 
Trichloroethylene D(10 ND 
Antimony, Total ND(2 20 
Cadmium, Total ND(2 s 
Chromium, Total 10 14 
Copper, Total 22 27 
Cyanide, Total ND(S 47 
Mercury, Total 0.2 6 
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Table V-60 (Continued) 

SURVEILLANCE AND ANALYSIS D~fA FOR DEMINERALIZER REGENERANT 

Plant 
Code Pollutant 

2603 
(Cont'd) 

Nickel, Total 
Selenium, Total 
Thallium, Total 
Zinc, Total 
Total Dissolved Solids 
Total Suspended Solids 
Total Organic Carbon 
Aluminum, Total 
Barium, Total 
Boron, Total 
Calcium, Total 
Manganese, Total 
Magnesium, Total 
Molybdenum, Total 
Sodium, Total 
Titanium, Total 
Iron, Total 

Concentration (ppb) 

Intake Discharge 

8 200 
ND(2 4 

ND(20 182 
88 ND 

292,000 3,010,000 
----- 17,000 
9,000 8,000 

497 277 
17 ND(5 

ND(50 63 
48,700 169,000 

65 9 
15,300 17,400 

ND(5 15 
----- 159,000 

18 ND(15 
842 793 



Chemical Cleanina of Boiler Tubes 

Chemical cleaning is designed to remove scale and corrosion products 
which accumulate on the boiler tubes in the boiler's steam-side 
There are a number of factors affecting the selection of the cleaning 
method. Among the maJor factors are: 

1. Type of deposit, 

2. Type of metals (alloys) cleaned, 

3. Type of boiler, 

4. Economics, 

s. Prior experience, 

6. Hazards associated with cleaning agents, and 

7. Ease of waste disposal. 

Boiler Cleaning Chemicals 

Hvdrochloric Acid Without Copoer Comolexer Hydrochloric acid is the 
most frequently used boiler tube cleaning chemical It has the 
ability to handle a wider range of deposits than any other solvent 
available today. This ability, combined with its relatively low cost, 
availability, and the extensive experience associated with its use for 
boiler cleanings, is the reason for its popularity in the chemical 
cleaning of utility boilers (28). 

Hydrochloric acid, which is usually used in solutions of 5 to 10 
percent, forms soluble chlorides with the scale and corrosion products 
in the boiler tubes. Its strength makes it very effective for 
removing heavy deposits; however, due to this strength, an inhibitor 
is mandatory to reduce attack to boiler tube metal. This strength 
also allows the use of either the soaking or circulation method of 
boiler cleaning. 

The high chloride content makes the use of hydrochloric acid solutions 
infeasible for austenitic steels due to the potential for chloride 
stress cracking (29). Hydrochloric acid is highly corrosive. 
Hydrogen gas will be liberated during cleaning operations. Large 
amounts of water are required for rinsing. 

Hydrochloric Acid With Copoer Complexer Hydrochloric acid with a 
copper complexer is used in boilers containing copper to prevent the 
replating of dissolved copper onto steel surfaces during chemical 
cleaning operations. The two most prominent complexers are Dow 
Chemical's Thiourea and Halliburton's Curtain II. If a complexer is 
not used, copper chlorides, formed during cleaning operation, react 
with boiler tube iron to form soluble iron chlorides whiJe the copper 
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is replated onto the tube surface Use of a copper complexer 
interrupts this reaction by complexing the copper (30,31). 

Alkaline Deareaser Alkaline cleaning (flush/boil-out) is commonly 
employed prior-"Co boiler cleaning to remove oil-based compounds from 
tube surfaces. These solutions are composed of trisodium phosphate 
and a surfactant and act to clear away the materials which may 
interfere with the reactions of the boiler cleaning chemicals and 
deposits (32, 3~). 

Ammoniated Citric Acid Citric acid cleaning solutions are used by a 
number of utilities for boiler cleaning operations (34). Utilizing 
the circulation method, this weak acid is usually diluted to a 3 
percent solution and ammoniated to a pH of 3.5 for cleaning purposes. 
This solution is used in a two-stage process. The first stage 
involves the dissolution of iron oxides In the second stage, 
anhydrous ammonia is added to a pH of 9 to 10 and air is bubbled 
through the solution to dissolve copper deposits Halliburton markets 
this as the Citrosolv Process (35) This "one solution" cleaning 
process af ford5 some advantages due to the minimal cleaning time and 
water requirements The hazards associated with this solution are not 
as great as with other acids due to its lower corrosivity; however, 
there is potential for hydrogen gas liberation 

Ammoniated EDTA The most widely known ammoniated EDTA cleaning 
chemical is produced by Dow Chemical Company and marketed under the 
name, "Vertan 675 " This boiler cleaning agent has been used 
successfully in a wide variety of boiler cleaning operations The 
cleaning involves a one solution, two-stage process During the first 
stage, the solution solubilizes iron deposits and chelates the iron 
solution In the second stage, the solution is oxidized with air to 
induce iron chelates from ferric to ferrous and to oxidize copper 
deposits into solution where the copper is chelated (36) 

The most prominent use of this cleaning agent is in circulating 
boilers which contain copper alloys. It has gained increasing 
popularity for use in cleaning utility boilers due to its low hazard 
(no hydrogen gas formation and not highly corrosive) and low water 
usage (normally only one rinse required) 

Ammonical Sodiu1~ Bromate Occasionally, large amounts of copper 
deposits in boiler tubes cannot be removed with hydrochloric acid due 
to copper's relative insolubility. When such conditions exist, 
solutions of ammonia-based oxidizing compounds have been effective. 
Used in a single separate stage the ammonical sodium bromate step 
includes the introduction of solutions containing ammonium bromate 
into the boiler system to rapidly oxidize and dissolve the copper. 
This stage may be completed pre- or post-ac1d stage It has been 
found to be effective on unics which contain large amounts of copper 
metals (37). 

Hvdroxyacetic/Formic Acid The use of hydroxyacetic/formic acid in 
the cne~ical cleaning of utility boilers is common. It is used in 
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boilers containing austenitic steels because its low chloride c~ntent 
prevents possible chloride stress corrosion cracking of the 
austenitic-type alloys. It has also found extensive use in the 
cleaning operations for once-through supercritical boilers (38) 
Circulation of this solvent is required in order to keep desired 
strength in all areas of the boiler system. Hydroxyacetic/form1c acid 
has chelation properties and a high iron pick-up capability, thus it 
is used on high iron content systems It is not effective on hardness 
scales. If water requirements are low, generally only one rinse is 
required. The corrosiveness of the solvent is not as high as that of 
inorganic acids, yet there is potential for hydrogen gas release 

Sulfuric Acid. Sulfuric acid has found limited use in boiler cleaning 
operations. It is not feasible for removal of hardness scales due to 
the formation of highly insoluble calcium sulfate (39) It has found 
some use in cases where a high-strength, low-chloride solvent is 
necessary. As with other acids, potential hazards involve the 
liberation of hydrogen gas and the chemical's highly corrosive nature. 
Use of sulfuric acid requires high water usage in order to rinse the 
boiler sufficiently 

Waste Characteristics 

The characteristics of waste streams emanating from the chemical 
cleaning of utility boilers are similar in many respects. The maJor 
constituents consist of boiler metals; i.e , alloy metals used for 
boiler tubes, hot wells, pumps, etc. Although waste streams from 
certain cleaning operations which are used to remove certain deposits, 
i.e., alkaline degreaser to remove oils and organics; do not contain 
heavy concentrations of metals, the primary purpose of the total 
boiler cleaning operation (all stages combined) is removal of heat 
transfer-retarding deposits, which consist mainly of iron oxides 
resulting from corrosion. This removal of iron is evident in all 
total boiler cleaning operations through its presence in boiler 
cleaning wastes. 

Copper is the next most prevalent constitutent of boiler cleaning 
wastes due to wide use as a boiler system metal Based on information 
on nearly 2,500 utility bc,ilers, EPA estimates that copper alloys are 
used in 91 percent of the steam condenser tubes, 85 percent of the 
highpressure feedwater heater tubes, and 83 percent of the lowpressure 
feedwater heater tubes (40). Table V-61 shows a few of these alloys 
and corresponding constituents. 

The presence of boiler metal constituents in chemical cleaning wastes 
is further illustrated by examining the characteristics of wastes 
emanating from boilers in which admiralty metals were used for steam 
condenser tubes and low--pressure feedwater heater tubes. Admiralty 
metal contains aproximately 25 percent zinc. 

The wastewaters 
containing such 

from a boiler cleaning operation 
an alloy contained 166 mg/l of zinc. 
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Table V-61 

ALL.OYS AND CONSTITUENTS OF BOILER SYSTEMS (41) 

(Percent) 

Alloy Constituent 

COEEer Iron Nickel Zinc Other 

Admiralty 71 25 Sn-4 

Arsenical Admiralty 71 27 As-0.04 

Phosphorized Admiralty 71 27 P-0 .1 

Brass 65 35 

Aluminum brass 65 30 A1-5 

Copper-nickE~l 90/10 90 10 

Copper-nicked 80/20 80 20 

Copper-nicked 70/30 70 30 

Cupro-ni.ckel (10%) 89 1 .o 1 0 

Cupro-ni.ckel (20/'o) 79 1.0 20 

Monel 23 3.5 60 Mn-3.5 
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high value of zinc was due to the presence of zinc in the boiler tube 
metal (l}. 

A number of cleaning agents use complexing agents in order to keep 
dissolved deposits in solution and thus remove them from the boiler 
system when the solution is drained. Ammoniated solutions of bromate, 
citrate, and EDTA have been used for this purpose. Ammonia forms a 
complex with copper while citrate and EDTA chelate iron and other 
heavy metals. Ammonia ts a monodentate complex former since it 
contains only one ligand. Citrate and EDTA are multidentate complex 
formers. Multidentate complexes may be referred to as chelates, 
whereas monodentate complexes are referred to only as complexers (42). 
These complexes and chelates are stable compounds and pose greater 
difficulty in treatment. 

Other waste constituents present in spent chemical cleaning solutions 
include wide ranges of pH, high dissolved solids concentrations, and 
significant oxygen demands (BOD and/or COD) The pH of spent 
solutions ranges from 2.5 to 11.0 depending on whether acidic or 
alkaline cleaning agents are employed. 

Waste characteristics for the above mentioned cleaning solutions 
appear in tables V-62 through V-67. A brief description of those 
wastes by chemical cleaning solvent type follows. 

Alkaline Degreaser. Alkaline cleaning is used to remove oil con
taminants which may have entered the boiler system. The cleaning 
solution waste will contain sodium phosphates, and some boiler metals. 
In some cases, if chelating agents and sodium hydroxide have been 
added to the original cleaning solution, these materials and related 
compounds may be present. Volume of waste solutions will exceed two 
boiler volumes due to intermittent blowdowns and a final rinse with 
condensate. 

Ammoniated Citric Acid This waste stream consists of a number of 
complexed boiler metals. Their presence is dependent upon their use 
in boiler metals alloys. Citrate, a multidentate ligand, is the 
chelating agent in this solution, while ammonia forms soluble 
complexes with copper. Various other constituents of this waste 
stream will include dissolved deposit components and BOD Waste 
volume is generally equivalent to two boiler volumes, which includes a 
rinse. 

Arnmoniated EDTA. Ammoniated EDTA wastes are alkaline (pH = 9 O to 
10.0) and contain amounts of iron and copper which are present as 
ferric and cupric chelates Although this type of cleaning agent is 
used generally for removal of copper, the copper content will vary in 
concentration in proportion to the amount of copper used in the boiler 
system. Similarily, the content of other boiler metals present in the 
waste will generally be a function of their presence The volume of 
waste from this type of cleaning is usually two boiler volumes One 
volume consists of the cleaning solution while the second will be 
rinse water. 
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Table V-62 

WASTE CONSTITUENTS OF AMMONIATED CITRIC ACID SOLUTIONS (48) 

CONSTITUENTS 

Silica 

Phosphorous 

Copper 

Iron 

Nickel 

Zinc 

NOTE ( 1 ) 

(2) 

(mg/l) 

C-1 C-2 C-3 

40 

200 

220 20 8 

8' 300 9,800 10,800 

130 

390 

TI1e absence of concentration value denotes informa
tion is not available. 
C-1, C-2, C-3 denote wastes from independent boiler 
chemical cleaning operations. 

219 



Table V-63 

WASTE CONSTITUENTS OF AMMONIATED EDTA SOLUTIONS (48) 
(mg/l) 

CONSTITUENTS V-1 V-2 V-3 V-4 V-5 V-6 V-7 

WasLe Volume, 
million gallons 19,000 

pH, units 9.2 n n 9.0 9.5 9.5 9.2 10.0 o.o 
Dissolved Solids 59,549 73,800 
Suspended Solids 24 
011 & Grease 41 
Silica 93.69 
NH3 - N 5,200 
Phosphorous 260.25 
Aluminum 31 . 23 

I\.) Calcium 20.82 45.3 
I\.) Chromium 10.41 26.50 1 1. 6 
0 

Copper 11,700 30 53 413 124.92 707 0.17 
Iron 2,250 4,600 7,900 7,000 8,328 6,867 6,900 
Magnesium 20.82 11. 12 
Manganese 72.87 49.93 
Nickel 135.33 68.40 1 1. 8 
Sochum 371 .87 
Zinc 124.92 143.75 79 

NOTE ( 1 ) The absence of concentration value denotes information is not 
available. 

(2) V-1 through V-7 denote wastes from independent boiler chemical 
cleaning operations. 



Table V-64 

WASTE CONSTITUENTS OF AMMONIACAL SODIUM BROMATE SOLUTIONS (48) 
(mg/ 1) 

CONSTITUENTS AB-1 AB-2 AB-3 AB-L• AB-5 AB-6 

Waste Volume, 
million gallons 0.217 0. 165 

pH, uni ts 10. 5 10.2 
Dissolved Solids 1 '015 340 1 ,400 
Suspended Solids 77 8 71 
COD 24 120 
Oil & Grease (5 (5 
Silica 7.2 14 
NH3 - N 700 2,000 
Org. - N 40 (10 

N N02 + N03 - N 0.04 0.51 
N 
..... Phosphorous 10 30 

Bromide 52 (5 
Chloride 60 
1''1 uo ride 1.5 6.1 
Aluminum (0.2 (0.2 
Arsenic 307 0.048 <0.005 
Barium (0. 1 (0. 1 
Beryl hum (0.01 (0.01 
Cadmium (0.02 (0.001 (0.001 
Calcium o.o 3.0 0.4 



N 
N 
N 

Table V-64 (Continued) 

WASTE CONSTITUENTS OF AMMONIACAL SODIUM BROMATE SOLUTIONS (48) 
(mg/l) 

CONSTITUENTS AB-1 AB-2 AB-3 AB-4 AB-5 AB-6 

Chromium (0.05 o.o (0.005 (0.005 
Copper 409 750 1 1 7 33'• 100 790 
Iron 1.92 0. 15 0 1. 7 4.9 
Lead 0. 1 (0.01 (0.01 
Magnesium o.o 2.9 0.67 
Manganese 0.01 0.03 0.04 
Mercury 14. 9 (0.0002 (0.0002 
Nickel 255 0.08 0 0.52 2.5 
Potassium 70 220 
Selenium 23.6 (0.002 (0.002 
Silver (0.01 (0.02 
Sodium 59 3.7 1 5 
Tin (1 (1 
Zinc 1.03 0.41 0.5 0.06 0. 54 

NOTE ( 1) The absence of concentration value denotes information is not 
available. 

(2) AB-1 through AB-6 denote wastes from independent boiler chemical 
cleaning operations. 



Table V-6S 

WASTE CONSTITUENTS OF HYDROCHLORIC ACID WITHOUT COPPER COMPLEXER SOLUTIONS (48) 
(mg/l) 

COi-.STITlJ£NTS H-1 H-2 H-3 H-4 H-S H-6 H-7 -------
Waste Volume, 

million gallons 0.200 0. 21 7 0.099 0.087 0.070 0.090 
pH, UIUts 3.3 0.8 0.7 0.7 o.s 0.7 
Suspended Solids S7 8 120 18 3S 33 
COD 9,900 1 ,200 1,SOO 1'200 1, 900 1 'soo 
TOC 4,600 2l•O 90 1 '800 220 120 
Oil & Grease 23 <S 1 1 7.6 20 23 
Phenols o.os 0.06S 0.070 0.03S 0.020 0.02S 
Silica 19 66 120 240 31 
NH3 - N 32S 140 80 220 290 lSO 

I\.) Org. - N 22S 0.06 140 7S 10 870 
I\.) 

N02 + N03 - N 0.07 (0.01 <0.01 (0.01 w 
Phosphorous 1.2 30 so 3S so 4S 
Sul fate (1 10 <1 (1 
Aluminum 6.S 6.6 7.0 8.2 
Arsenic 0.008 0.06 0.01 0.03 o.oss 0.03S 
Barium <O. 1 0.4 0.1 0.3 
Beryllium (0.01 (0.01 (0.01 (0.01 
Cadmium (0.001 (0.01 O.OSl 0.032 0. 1 <0.001 
Calcium 16 42 70 S3 64 74 



Table V-65 (Continued) 

WASTE CONSTITUENTS OF HYDROCHLORIC ACID WITHOUT COPPER COMPLEXER SOLUTIONS (48) 
(mg/l) 

CONSTITUENTS H-1 H-2 H-3 H-4 H-5 H-6 H-7 

Chromium (0.005 1.5 6 1. 1 8.8 (0.005 
Copper 43 0.69 2.2 7.6 18 13 47 
Iron 1 Ji 25 L~, 200 1,300 3,820 1 ,420 3,720 2,780 
Lead 0.4 3.8 0.86 5.2 (0.01 
Magnesium 8.7 6.5 5.7 8.8 
Manganese 19 6.9 29 10 28 22 
Mercury (0.002 (0.002 (0.002 (0.002 
Nickel 150 110 77 260 170 300 150 
Potd.ssium 1.4 2.3 1. 5 1.8 
Selenium (0. OOL~ (0.002 (0.002 (0.002 
Silver 0.02 0.02 0.07 0.03 

"' Sodium 31 74 40 49 
"' Tin (1 7.3 <1 2.8 ii::. 

Zinc 15.8 0.94 5.9 170 3L~ 53 24 

NOTE ( 1) The absence of concentration value denotes information is not 
available. 

(2) H-1 through H-7 denote wastes from indenpendent boiler chemical 
cleaning operations. 



I\) 
I\) 
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Table V-66 

WASTE CONSTITUENTS OF HYDROCHLORIC ACID WITH COPPER COMPLEXER SOLUTIONS (48) 
(mg/l) 

CONSTITUENTS HC-1 HC-2 HC-3 HC-4 HC-5 HC-6 -------
Dissolved Solids 30,980 
Suspended Solids 2,375 
Silica 280 30 
Phosphorous 100 300 
Calc1um 980 66.6 
Chromium 16.8 
Copper 20 460 110 960 270 530 
Iron 4,600 1 '900 2' 100 3,200 6,200 6,470 
Manganese 8. 16 
Nickel 3 410 20 500 267 
Sodium 9.2 
Zinc 680 10 840 132 

NOTE ( 1) The absence of concentration values denotes information is not 
available. 

(2) HC-1 through HC-6 denote wastes from independent boiler chemical 
cleaning operations. 



Table V-67 

WASTE CONSTITUENTS OF HYDROXYACETIC/FORMIC ACID SOLUTIONS (48) 
(mg/l) 

CONSTITUENTS HFA-1 HFA-2 HFA-3 HFA-4 

2 
2,900 

5 
8 

Copper 
Iron 
Nickel 
Zinc 

NOTE 

9,800 3,600 6,300 

(1) The absence of concentration value denotes information is not 
available. 

(2) HFA-1 through HFA-4 denote wastes from independent boiler chemical 
cleaning operations. 



Ammoniacal Sodium Bromate Ammoniated sodium bromate solutions are 
used to remove Jarge amounts of copper from boiler systems Nitrogen 
compounds will be present in large quantities due to the ammonia. 
This cleaning step is followed by a rinse which makes the volume of 
this chemical c]e~aning waste equivalent to two boiler volumes 

Hydrochloric Aci_si Without Cooner Comolexer These wastes are 
generally high in total iron,contentration (100 mg/l), low in total 
copper (100 mg/J) and vary with low to medium concentrations of nickel 
and zinc, depending on boiler metal alloys Other significant 
constituents of this type of waste stream consist of sclubilized 
deposit materials, such as calcium, silica, phosphorous, and oil and 
grease. Some rather low quantities of arsenic, cadmium, chromium, 
manganese, and tln are also present due to slight acidic attack on 
boiler metals The volume of wastes associated with this type of 
cleaning is generally four times the boiler capacity This accounts 
for rinses and neutralization steps in addition to the acid cleaning 
step. 

Hvdrochloric Acl_si With Copoer Comolexer The use of the copper 
complexer implles that copper is present in the system as a boiler 
metal and therefore must be removed to prevent replating onto steel 
surfaces Thls copper is present as a complex, as are the 
concentrations of nickel and zinc which are present mainly at moderate 
levels As with waste hydrochloric acid solutions without copper 
complexer, iron concentrations are very high, generally ranging from 
2,000 to 6,000 mg/l, while other constituents consist of lower 
quantities of other boiler metals. Volume of waste associated with 
this cleaning process is generally four to five boiler volumes due to 
rinses and neutralization steps. 

Hvdroxvacetic/For~ic Acid. Hydroxyacetic/formic acid has chelating 
properties which~ at times, may enable a 3 percent solution of these 
mixed acids to exceed a dissolved iron content of 1.3 percent. Other 
metals generally do not have high concentrations in this waste 
cleaning solut1on due to absence in boiler metals As with most 
organic solvent5, the total volume will be twice the boiler capacity 
because a rinse• must follow the cleaning step The organic nature of 
the solvent will also result inielevated BOD levels. 

Sulfuric Acid. This boiler cleaning agent is not widely used The 
waste charactet1stics are probably similar to those of hydrochloric 
acid without copper complexer Sulfuric acid is a strong acid which 
may find use 1n austenitic steels due to its low chloride content. 
Metal constituents will vary with their use in boiler metals Volume 
of the waste, including rinses and neutralizing steps, will approach 
four to five bo1Jer volumes 

Sampling Result& 

A boiler cleaning effluent was analyzed for the presence of 
organics None of the organics met or exceeded the 
quantification. 
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Boiler Fireside Washing 

Boiler firesides are commonly washed by spraying high-pressure water 
against boiler tubes while they are still hot Waste effluents from 
this washing operation contain an assortment of dissolved and 
suspended solids. Acid wastes are common for boilers fired with high
sulfur fuels. Sulfur oxides absorb onto fireside deposits, causing 
low pH and a high sulfate content in the waste effluent (25). Table 
V-68 presents average and maximum concentrations of pollutants in 
fireside washes from Plant 3306 (43) Table V-69 shows historical 
waste load data for boiler fireside wash waters Table V-70 presents 
a statistical analysis of fireside wash flow rates reported by the 
industry. The daily average flow was computed by multiplying the 
frequency of cleaning per year times the volume per cleaning and 
dividing the product by 365 

Air Preheater Washing 

Air preheaters employed in power stations are either the tubular or 
regenerative types. Both are periodically washed to remove deposits 
which accumulate. The frequency of washing is typically once per 
month; however, frequency variations ranging from 4 to 180 washings 
per year are reported (1). Many air preheaters are sectionalized so 
that heat transfer areas may be isolated and washed without shutdown 
of the entire unit (25). H1gher wash frequencies are expected for air 
preheaters employing this design feature. 

Fossil fuels with signif1cant sulfur content will produce sulfur 
oxides which adsorb on air preheater deposits Water washing of these 
deposits produces an acidic effluent Alkaline reagents are often 
added to wash water to neutralize acidity, prevent corrosion of 
metallic surfaces, and maintain an alkaline pH. Alkaline reagents 
might include soda ash (Na 2 C03 ), caustic soda (NaOH), phosphates, 
and/or detergent. Preheater wash water contains suspended and 
dissolved solids which include sulfates hardness, and heavy metals, 
including copper, iron, nickel, and chromium (1, 25) Waste 
characteristics data for these waste waters are presented in table v-
71. In table V-72, the EPA raw waste load data for air preheater wash 
water is shown. Table V-73 presents a statistical analysis of air 
preheater wash flow rates reported by the industry in response to the 
308 questionnaire. 

COAL PILE RUNOFF 

In order to ensure a consistent supply of coal for steam generation, 
plants typically maintain an outdoor reserve A 90-day supply is 
generally maintained to provide a sufficient safety factor This 
correlates to approximately 600 to 1,800 m3 (780 to 2,340 yardsJ) of 
stored coal per megawatt of required capacity (1,20) Four factors 
which may preclude maintainlng a large coal reserve are (20): 

1. Cost of land required for storage, 
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Table V-68 

AVERAGE AND MAXIMUM CONCENTRATIONS AND LOADING 
IN RAW WASTEWATER FROM FIRESIDE WASHES AT PLANT 3306 (43) 

Constituent 

Total chromium 

Hexavalent chromium 

Zinc 

Nickel 

Copper 

Aluminum 

Iron 

Manganese 

Sulfate 

TDS 

TSS 

Oil and Grea~e 

Concentration 
(mg/ l) 

1 5 max. , 1 . 5 ave. 

(1.0 maK., 0.02 ave. 

40 max., 4.0 dve. 

900 max., 70 ave. 

250 max., 6.0 ave. 

21 max., 2.0 ave. 

14,000 mdx., 2,500 ave. 

40 max., 3.5 ave. 

10,000 max., 1,000 ave. 

50,000 max., 5,000 ave. 

25,000 mdx., 250 ave. 

Loadinb 
(kg/cleaning) 

6.8 dVe. (15 lb) 

0.09 ave. (0.2 lb) 

18 ave. (40 lb) 

317 ave. (700 lb) 

27 ave. (60 lb) 

9 ave. (20 lb) 

11 ,340 ave. (25,000 lb) 

16 ave. (35 lb) 

4,540 ave. (10,000 lb) 

22,680 ave. (50,000 lb) 

1, 135 ave. (2,500 lb) 

Virtually Absent 



Table V-69 

WASTE LOAD DATA FOR BOILER FIRESIDE WASH 

(Discharge Monitoring Data - EPA Regional Offices) 

(mg/l) 

Mean Standard Minimum Maximum 
Pollutant Value Deviation Value Value 

Suspended solids 15,387 19,905 1 1 914 49,680 
(7 entries) 

Copper (7 entries) 47.82 46.56 2.02 127.00 

Iron (7 entries) 9,630.86 14,699.10 966 40,938 
!\.> 
w 
0 
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Table V-70 

FIRESIDE WASH WATER FLOWRATES 

(308 Questionnaire Data) 

Number Mean Standard Minimum Maximum 
Variable of Plants Value Deviation Value Value ----- --- -----

Fuel coal* 

Flow gpd/plant 42 2,658 4,500 2.7 20. 29 5 
gpd/MW 42 2.9 4.6 0.03 19 

Fu~ l __ _g~~ * 
Flow gpd/plant 40 512 662 0.3 2,739 

gpd/MW 40 3.li. 7 0.006 38.6 

Fuel oil* ------
Flow gpd/plant 81 3,426 6,058 13.7 35,616 

gpd/MW 81 7 11.8 0. 1 70 

*Fuel designations are determined by the fuel which contributes the most Btu for 
power generation in the year 1975. 



COD (mg/l) 

SS 

TDS 

Oil 

pH 

Cl 

804 

Cond. 

Hard. (CaC03) 

Ca 

Mg 

Fe (soluble) 

Cr 

Na 

Zn 

Table V-71 

AIR PREHEATER WASH WATER (1) 
(Plant 3410) 

Case ti 1 

50 

34 

733 

.25 

3.5 

18.5 

2,480 

2,700 

1 ,600 

37.8 

333 

515 

20.8 

1.45 

360 

1.06 

232 

Case 112 

70 

83 

606 

8.5 

3.2 

16.6 

1 '920 

2,700 

1'400 

29.4 

257 

335 

18 

1 • 0 

375 

1 • 1 9 

Case 113 

60 

29 

746 

.25 

3.3 

27 

2,720 

3,250 

1 '460 

34.4 

330 

460 

34.8 

1.25 

368 

1.45 



Table V-72 

WASTE LOAD DATA FOR AIR PREHEATER WASH 

(Discharge Monitoring Data - EPA Regional Offices) 

(mg/l) 

Mean Standard M1n1mum Maximum 
Pollutant Value Deviation Value Value 

Suspended Solids 1,268.52 1,663.14 40 10,211 
(78 enLries} 

Copper (77 entries) 148.03 815.37 0. 1 6,000 

N Iron 1,953.28 2,023.79 0.05 8,250 
w 
w 
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Table V-73 

AIR PREHEATER WASHWATER FLOWRATES 

(308 Questionnaire Data) 

Number Mean Standard Minimum Maximum 
Variable of Plants Value Deviation Value Value ----- --- ----

Fuel. Coal* 

Flow. gpd/plant 148 10,841 •• 4 22,234.0L~ 2.7 i56,i64.4 
gpd/MW 147 14.5 31.8 0.01 320.2 

Fuel. Gas* 

Flow gpd/plant 56 980.1 1,922.8 0.27 9,863 
gpd/MW 56 3.8 6.2 0.002 25.9 

Fuel. Oil* 

Flow gpd/plant 110 10,666.7 50,872.6 1.4 526,027.4 
gpd/MW 110 17.6 62.2 0.02 618.8 

*Fuel designations are determined by the fuel which contributes the most Btu for 
power generation in the year 1975. 



2. Labor force and equipment required to maintain coal 
storage area, 

3 Cost of larger inventory, and 

4. Loss in heating value of coal due to oxidative 
degradation. 

The quantity <)E runoff is dependent on the amount of rainfall. A 
correlation developed by TVA to predict the runoff in inches per acre 
for a given storm event when the total inches of rainfall are known is 
given in equation 10 (44). 

Runoff ~ 0.855 * Rainfall + 0.0082 (10) 

The following qE:meral izations may be made with regard to emergence of 
contaminants in coal pile drainage (44): 

1. For a coal pile of a given size and configuration, the amount of 
contaminants generated and flushed depends upon the residence time of 
the water within the coal pile. 

2. The time required to complete the !lushing of contaminants from 
the coal pile depends upon the volume of water applied (hydraulic 
head) and the dutation of the application. 

3. Before fl us tung is complete, concentrations of contaminants are 
inversely proportional to the flow rate of drainage runoff. 

4. Upon completion of flushing, there is no significant change in 
contaminant levels with changes ,in flow rate. 

The contaminants and their respective amounts can be classified into 
specific types according to chemical character1stics. The first type 
relates to pH of the coal pile drainage. The pH tends to be of an 
acid nature, primarily as a result of the oxidation of iron sulfide in 
the presence of oxygen and water. The reaction is believed to occur 
in two steps (20, 44). The products of the first step are ferrous 
iron and sulfur1c acid as shown in equation 11. 

The ferrous iron (FeZ+) then undergoes oxidation to the ferric state 
(Fe~+) as shown in equation 12. 

4FeS0 4 + 2H 2 S0 4 + 0 2 ~ 2Fe 2 (S0 4 ) 3 + 2H 20 (12) 

The reaction may proceed to form ferric hydroxide or basic ferric 
sulfate as shown in equations 13·and 14, respectively. 

2Fe(OH)3 + 3HzS0 4 

2Fe (OH ( S04 >) + H2 S0 4 
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ThE =err~c iron can also directly oxidize pyrite to produce more 
ferrous iron and sulfuric a~id as shown in equation 15 

FeS 2 + 14Fe+ 3 + 88 2 0 ~ 15Fe+ 2 + 2S0 4 - 2 + 16H+ (15) 

Thus, the oxidation ~f one mole of iron pyrite yields 2 moles of 
sulfuric acid. 

As the pH of the pyritic systems decreases below 5, certain 
acidophilic, chemoautotrophic bacteria become active These bacteria, 
Thiobacillus ferroxiduns, Ferrobacillus ferroxidans, Metallogenium, 
and similar species are active at pH 2.0 to 4 5 and use C0 2 as their 
carbon source (45). These bacteria are responsible for the oxidation 
of ferrous iron to ferric state, tne rate limiting step in the 
oxidation of pyrite Their presence is generally an indication of 
rapid pyrite oxidation and is accompanied by waters low in pH and high 
in iron, manganese, and total dissolved solids. 

The potential influence of pH on the behavior of toxic 
metals is of particular concern. Many of the metals are 
with regard to their solubility behavior. The factors 
acidity, pH and the subsequent leaching of trace metals are 

1. Concentration and form of pyritic sulfur in coal; 

2. Size of the coal pile; 

and heavy 
amphoteric 
affecting 

( 44) : 

3. Method of coal preparation and clearing prior to storage; 

4. Climatic conditions, including rainfall and temperature; 
I 

5. Concentrations of CaC0 3 and other neutralizing substances in the 
coal; 

6. Concentration and form of trace metals in the coal; and 

7. The residence time in the coal pile 

Table V-74 contains results of analysis of samples from coal piles at 
two TVA plants. Both facilities exhibited very low pH values, 
however, the acidity values were quite variable in each of the cases, 
which demonstrates that acidity is not a measure of hydrogen ion but 
rather a measure of available protons. The suspended solids levels 
observed went up to 2,500 mg/l. Elevated levels of total suspended 
solids result when rainfall/runoff suspends coal fires 1n the pile. 
Most of the total dissolved solids concentrations are a consequence of 
enhanced pyritic oxidation via equations 11-15 Table V-75 displays 
data on the concentrations of metals in coal pile runoff from two TVA 
plants. An examination of the data reveals that there is a large 
degree of variability among the values The metals present in the 
greatest concentrations were copper, iron, aluminum, and nickel. 
Others present in trace amounts include chromium, cadmium, mercury, 
arsenic, selenium, and berillium. 
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Table V-74 

CHARACTERISTICS OF COAL PILE RUNOFF (44) 

Acidity Dissolved Suspended 
(mg/l Sulfate Solids Solids Fe Mn 

Plant P.!! CaCO ) (msL!L _J_~L!.L _J_mg/lL ~!l {mg/l) 

Range 2.3-3.1 300-7100 1800-9600 2500-16000 8.0-2300 240-1800 8.9-45 
J Mean 2.79 3400 5160 7900 470 940 28.7 

N 19 18 18 18 18 19 19 

Range 2.5-3.1 860-2100 1900-4000 2900-5000 38-270 280-480 2.4-10.0 
E Mecln 2.67 1360 2780 3600 190 380 4. 1 3 

N 6 6 6 6 6 6 6 
r Range 2.5-2.7 300-1400 870-5500 1200-7500 69-2500 62-380 0.88-5.4 "" w E* Mean 2.63 710 2300 2700 650 150 2.3 -..J 

N lli 14 1 '• 1 '• 14 14 14 

---- - - ----------
*lhscrete Storm 



Table V-75 

CONCENTRATIONS OF METALS IN COAL PILE RUNOFF (44) 
(mg/l) 

Plant Cu Zn Cd Al Ni 

Range 0.43-1.4 2.3-16 (.001-(.001 66.0-440 0.74-4.5 
J Mean 0.86 6.68 (.001 260 2.59 

No* 0 0 19 0 0 
N+ 19 19 19 19 19 

Range 0.01-0.46 1.1-3.7 (.001-0.003 22.0-60.0 
0.24-0.46 

E Mean 0.23 2. 18 0.002 43.3 0.33 

No* 0 0 2 0 0 
l\J 
w N+ 6 6 6 6 6 CX> 

Cr !!& As Se Be 

Range <O. 005-. 011 (.0002-.0025 .005-0.6 (.001-.03 0.03-0.07 
J Mean .007 .0004 0.17 0.006 0.044 

No* 11 12 0 4 0 
N+ 17 20 19 18 18 

Range (0.005-.011 0.003-.007 0.006-0.046 <. 001- .001 (.01-0.03 
E Mean 0.007 0.004 0.02 0.001 0.014 

No* 3 0 0 3 3 
N+ 6 5 4 4 4 

---------
*NID = Number of samples.below detection lunits. 



Wet Flue Gas Cleanino Processes 

Flue Gas Desulfurization Systems 

In 1977 there were approximately 34 powerplants in the United States 
having operational FGD systems. In addition, 42 such systems were 
under construction (49) The breakdown of existing, constructed, and 
planned FGD systems by the type of process used for desulfurization of 
the stack gases is given in table V-76. 

In all of the existing FGD systems the main task of absorbing S0 2 from 
the stack gase•s is accomplished by scrubbing the exiting gases with an 
alkaline slurry. This may be preceded by partial removal of fly ash 
from the stacl< gases. Existing FGD processes may be divided into two 
categories: nonregenerable (throwaway) and regenerable. 
Nonregenerable flue gas desulfur1zation processes include lime, 
limestone, and lime/limestone combination and double alkali systems 
The following is a short description of each process with 
characterization, where applicable or available, of the liquid wastes 
generated in the processes. 

Nonregenerable Processes 

Lime and Limestone Scrubbing Processes. In the lime or limestone flue 
gas desulfurizdtion process S0 2 is removed from the flue gas by wet 
scrubbing witn a slurry of calcrium oxide (lime) or calcium carbonate 
(limestone). The principal reactions for absorption of S02 by slurry 
are: 

Oxygen absorbed from the flue gas or surrounding atmosphere causes the 
oxidation of absorbed S0 2 • The calcium sulfite for~ed in the 
principal reaction and the calcium sulfate formed through oxidation 
are precipitated as crystals in a holding tank. The crystals are 
recovered in a solid/liquid, separator. Waste solids disposal is 
accomplished by ponding or landfill. The clear liquid can be 
recycled 

A bleed stream is taken off the effluent hold tank to be dewatered. 
This step, necessary to minimize the land area needed for sludge 
disposal, varies depending on the application and type of disposal. 

For systems with on-site pond disposal, solids may be pumped directly 
from the effluent hold tank to the pond area Clean overflow liquor 
from the pond may then be returned to the system. If necessary, a 
thickening device such as a clarifier or centrifuge can be used to 
increase the solids content. Additional dewatering to 60-70 percent 
solids can sometimes be achieved by various systems including vacuum 
filtration. 
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Table V-76 

SUMMARY OF NEW AND RETROFIT FGD SYSTEMS BY PROCESS (49) 

Under rocal 'lo 
Operational Conscrucel.on Planned of "lanes 

'le1o1 or 
Process TvPa Re erotic ~ ~ ~ ~ ~ ~ ::!E_ l::!! 
Lime N 4 2 450 10 4 565 0 0 16 8,440 

R 8 1 650 0 0 2 660 10 2,310 

Lime/ albli:ie fly ash. 'l 3 170 1 500 1 527 7 3,597 

' 0 0 0 0 3 579 3 579 

Li:ne/ l !:nu tone 'l 0 0 0 0 0 0 0 0 

' :? 20 0 0 0 0 2 20 

t.!.mascone 'I 8 4 4 .. 3 23 9 620 5 2 880 u.s 21. 726 

' _3_ ~ 1 U.25 ....Q_ __ o_ _s _ 1. 700 

SubtOt3l-Li~e/li:nestone '1 1 5 8,363 34 14 685 6 3 407 58 33,763 
R 13 2 460 1 425 5 1 239 20 4 699 

Aqueous ·1 0 0 0 0 0 0 0 0 
~ 0 0 0 0 0 0 1 100 

~ueous C3rbonate/~ao 'l 0 0 0 0 0 0 1 400 
ltar R 0 0 0 0 0 0 0 0 

!)oub Le alkdi 'l 0 0 2 825 0 0 2 825 
R 0 0 1 277 0 0 1 277 

'ta11nuium oxide '1 0 0 0 0 0 0 0 0 
R 1 120 0 0 3 726 4 846 

'foe selected 'l 0 0 0 0 18 9 500 19 9 800 
R 0 0 0 0 .. 2, 100 4 2, 100 

'•11enerable not seLec::ed 'l 0 0 0 0 0 0 0 0 
R 0 0 0 0 1 650 1 650 

Sodit:m carbonate 'l 1 125 1 509 1 125 3 759 
R 2 250 0 0 0 0 2 250 

~dlcian Lord 'f 0 0 500 1 500 2 1 ,000 
~ 0 0 180 0 0 1 180 

~cllman Lord/Allied ~ 1 375 0 0 0 0 1 375 
Chemical R 1 _1_1_s_ 1 340 ....Q_ __ o _2 _ 455 

TOTAf..S 'l 1 7 8,563 38 16,519 26 13 ,532 96 46 922 
Q, 17 2 945 4 1,222 13 4. 715 36 9,557 

Lime/li.cescone ~ of ~ 94 89 25 72 
total !'W R 84 35 26 49 

NOTES ~ - nev 
R - rec::oiit 
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Lime or limestone systems typically recycle overflow water from the 
thickener or settling pond If all the overflow is recycled, the 
system is a closed loop system (no discharge) ~any of the lime or 
limestone systems discharge scrubber waters usually to control 
dissolved solids levels. 

Another source of discharge not common to all systems is the mist 
elimination wash. This involves the practice of either continuous or 
intermittent wash of the demister vanes of the scrubber Scrubber 
slurry carryover (material carried from the contactor with the flue 
gas) is retained in the system by' impacting the demister section 
Cleaning of the demister is then accomplished by washing. The 
resulting wash water is then either sent to the thickener, recycle 
tank, or the settling pond. A summary of composition data for a 
typical demister wash is presented in table V-77 

Double Alkali Wet Scrubbino A number of processes can be considered 
double alkali -processes. In the United States, most of the 
developmental work has emphasized sodium-based double alkali systems 
using lime for regeneration Double alkali systems using an 
ammonia/calcium base have been tested, but they suffer the 
disadvantage of potentially producing a visible ammonium salt plume 
from the scrubbing system The following process description will be 
limited to sodium/calcium-based processes. 

Flue gas is pretreated in a venturi or tray type prescrubber to cool 
and humidify the gas and to reduce fly ash and chlorides. The 
humidification and cooling step prevents the evaporation of excessive 
amounts of water in tne absorber The potential for scaling and 
plugging problems is reduced by the removal of fly ash which, 
containing vanadium and iron compounds, can catalyze the oxidation of 
Na 2 0 3 to Na 2 S0 4 

Cool and humidJfied gas from the prescrubber passes through an 
absorption towet·, where S0 2 is removed by absorption into a sodium 
hydroxide or sodium sulfite scrubbing solution. The scruober effluent 
liquor is regenerated with lime or limestone in a reaction tank. 

The calcium sulilte and calcium sulfate solids formed in the reaction 
tank were withdrawn from the system in a solid/liquid separator 
After make-up alkali and water are added, the separator effluent 
liquor is recycled to the scrubbing loop A liquid purge stream is 
required to remove soluble sodium sulfate Failure to allow for 
sulfate removal from double alkali systems will ultimately result in 
(1) precipitation of sodium sulfate somewhere in the system if active 
sodium is made up to the system; or (2) in the absence of makeup, 
eventual deterioration of the S0 2 removal capability due to the loss 
of active sodium from the syste~ 

Discharaes From Non-Reaenerable Scrubbing Svste~s All the non
regenerable scrubbing syste~s nave a disadvantage in that they produce 
large amounts of throwaway sludges which may pose problems in 
disposal. Onsite disposal is usually performed by sending the waste 
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Table V-77 

COMPOSITION OF EFFLUENT FROM ONCE-THROUGH MIST ELIMINATOR 
WASH UNIT AT WET LIMESTONE SCRUBBER SYSTEM (50) 

Water quality parameter 

Acidity (methyl orange), as 
CaC03, mg/l 

Acidity (total), as CaC03, mg/l 

Ammonia nitrogen, mg/l 

Calcium, mg/l 

Chloride, mg/l 

Conductance, umho/cm 

Dissolved solids (total), mg/l 

Hardness as CaC03, mg/l 

Magnesium, mg/l 

pH, unit 

Phosphate (total), mg/l 

Potassium, mg/l 

Sodium, mg/l 

Sulfate, mg/l 

Turbidity, JTU 

Concentration at indicated wash rate 

40.7 1/rnin/m2 20.35 1/min/m2 

49 

64 

0.21 

220 

24 

1 '300 

1 '000 

580 

6.5 

3. 1 

0. 11 

2.2 

8. 1 

700 

(1 

0.25 

40 

i ,600 

1'900 

1 '100 

8.2 

0.03 

3 

8.8 

1,000 

(1 

10.18 1/min/m2 

120 

150 

0.34 

430 

120 

2,700 

2,200 

1 '100 

18 

2.7 

0.03 

2.6 

11 

1,200 

2 
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Table V-77 (Continued) 

COMPOSITION OF EFFLUENT FROM ONCE-THROUGH MIST ELIMINATOR 
WASH UNIT AT WET LIMESTONE SCl:WBBER SYSTEM (SO) 

Concentration at indicated wash rate 

Wa,ter quality parameter /," .., 
-rv • I 1 'm• ~1..-.2 I I .L l I IU 20.35 1 /m1n/m2 10.iS 1/min/m2 

Aluminum, mg/l (0.2 

Arsenic, mg/l 0.002 

Barium, mg/l (0. 1 

Beryllium, mg/l 0.01 

Cddmium, mg/l 0.0042 

Chromium, mg/l (0.05 

Copper, mg/l 0.02 

Cyanide, mg/l (0.01 

Iron, mg/l 5.8 

Lead, mg/l 0.033 

Manganese, mg/l 0. 16 

Mercury, mg/l (0.0002 

Nickel, mg/l (0.05 

Selenium, mg/l 0.012 

Silver, mg/l (0.01 

Zinc, mg/l 0.07 

(0.2 

0.002 

(0. 1 

(0.01 

0.0013 

(0.05 

0.02 

(0.01 

0.07 

0. 011 

0. 14 

(0.0002 

(0.05 

0.024 

(0.01 

0.02 

(0.2 

0.01 

(0. 1 

(0.01 

0.0031 

(0.05 

0.03 

(0.01 

5.5 

0.016 

0.37 

(0.0002 

(0.05 

(0.01 

0. 14 



solids to a large pond After settling, the supernatant from the 
ponds may be recycled back into the scrubbing process. However, in 
1977 only 6 of the total 34 plants (308 data) having operational FGD 
systems reported closed loop mode of operation Actual practices at 
these facilities has not been confirmed at this time Thus, the 
supernatant from the maJority of plants was directed to the surface 
waters. 

Table V-78 presents range of concentrations of chemicals in the 
scrubber liquors before settling. Liquor analyses were conducted on 
13 samples from seven powerplants burning eastern or western coal and 
using lime, limestone or double alkali absorbents 

Wastewater Flows. Statistical analysis of wastewater flows from 28 
powerplants indicating flue gas scrubber blowdown (308 data) is 
presented in table V-79. It should be noted that the corresponding 
question in the questionnaire reads "Flue Gas Scrubber Blowdown." 
Statistical analysis of wastewater flows categorized as "Scrubber 
Solids Pond Overflow" is presented in table V-80 

Regenerable Processes 

Wellman-Lord Sulfite Scrubbing Process The Wellman-Lord Sulfite 
Scrubbing Process is a regenerable flue gas desulfurization process 
marketed by Davy Powergas. It is based on the ability of a sodium 
sulfite solution to absorb S0 2 and form a solution of sodium 
bisulfite. The sodium bisulfite solution can be thermally regenerated 
to produce a concentrated stream of S0 2 and the original sodium 
sulfite solution. The concentrated S0 2 stream can be processed to 
produce elemental sulfur, sulfuric acid, or recycled to the absorber. 
In the absorption phase of the process, sulfates formed by oxidation 
of sulfites are removed from the system in a purge of sodium sulfate 
and sulfite solids 

About 15 percent of the absorber product liquor is sent to purge 
treatment. The produc~ resulting from the purge treatment is a 
chrystalline mixture of anhydrous sodium sulfate (70 percent) and 
sodium sulfite (30 percent) with small amounts of thiosulfates, 
pyrosulfites and chlorides. The supernatent liquor is recycled (51). 
There is no planned wastewater or sludge streams associated with this 
process. 

Maanesia Slurry Absorotion Process. The Magnesia Slurry Absorption 
Process is a regenerable flue gas desulfurization process S02 is 
removed from the flue gases by wet scrubbing with a slurry of 
magnesium oxide. Magnesium sulfite is the predominant species formed 
in the absorption reaction below: 

Mg(OH) 2 + S0 2 ~ 

The absorber effuent is centrifuged The liquor is sent to the slurry 
tank for combination w1th makeup water, makeup MgO, and regenerated 
MgO to form the slurry feed for the scrubber. The magnesium sulfite 
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Table V-78 

RANGE OF CONCENTRATIONS OF CHEMICAL CONSTITUENTS IN FGD 
SLUDGES FROM LIME/LIMESTONE, AND DOUBLE-ALKALI SYSTEMS (52) 

Scrubber Constituent 

Aluminum 

Arsenic 

Beryllium 

Cadmium 

Calcium 

Chromium 

Copper 

Lead 

Magnesium 

Mercury 

Potassium 

Selenium 

Sodium 

Zinc 

Chloride 

Fluoride 

Sulfate 

Sulfite 

Chemical oxygen demand 

Total dissolved solids 

pH 

Liquor, mg/l 
(except pH) 

0.03-2.0 

0.004-1 .8 

0.002-0.18 

0.004-0.11 

180-2,600 

0.015-0.5 

0.002-0.56 

0.01-0.52 

4.0-2,750 

0.0004-0.07 

5.9-100 

0.0006-2.7 

10.0-29,000 

0.01-0.59 

420-33,000 

0.6-58 

600-35,000 

0.9-3,500 

1-390 

2,800-92,500 

4.3-12.7 

245 

Solid, mg/kg 

0.6-52 

0.05-6 

0.08-4 

105,000-268,000 

10-250 

8-76 

0.23-21 

0.01-5 

2-17 

-48,000 

45-430 

35,000-473,000 

1 ,600-302 ,000 



Variable 

Fuel· Coal* 

Flow. GPO/plant 
GPD/MW 

Number 
of 

Plants 

34 
34 

Table V-79 

FLUE GAS SCRUBBER BLOWDOWN 
(308 Questionnaire) 

Minimum 
Mean Value Standard Deviation Value 

671 ,364.7 
811. 27 

2,572,498.5 
1,877,799 

0.00 
n nn u.uu 

Maximum Value 

15,000,000 
8,823.53 

*Fuel designations are determined by the fuel which contributes the most Btu for power 
generation for the year 1975. 



Variable 

Fuel Coal* 

Flow GPO/plant 
GPD/MW 

l'V 

Table V-80 

FLUE GAS SCRUBBER SOLIDS POND OVERFLOW 
(308 Questionnaire) 

Minimum 
Nw11ber 

of 
Plants Mean Value Standard Deviation Value 

28 
28 

210,724.6 
3,973.31 

580,849.9 
19,814.926 

o.oo 
o.oo 

Maximum Value 

2,310,000 
195,000 

~ *Fuel designations are determined by the fuel which contributes the most Btu for power 
generation for the year 1975. 



cake lS dried to remove free and bound water Magnesium oxide is then 
regenerated in a calciner by thermal decomposition of the magnesium 
sulfite according to the equation below· 

MgO + S02 

The concentrated S02 gas stream can be used to promote sulfuric acid 
or elemental sulfur. 

Summarv. In general, data sufficient to characterize waste loadings 
resulting from flue gas cleaning processes are not available No net 
discharge data, i.e., influent and effluent data, are currently 
available for those systems. Additional studies will be needed to 
provide this data and to confirm the current discharge practices in 
the industry. 
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SECTION VI 

SELECTION OF POLLUTANT PARAMETERS 

Section 502 of the Clean Water Act (1) defines a pollutant as 
follows: 

The term "pollutant" means dredged spoil, solid waste, incinera
tor residue, sewage, garbage, sewage sludge, munitions, chemical 
wastes, biological materials, radioactive materials, heat, 
wrecked or discharged equipment, rock, sand, cellar dirt and 
industrial, municipal and agricultural waste discharged into 
water. 

The selection of pollutant parameters for the 1974 Development 
Document (2) was based on a list of 71 pollutant parameters 
published by EPA (3) and supplemented with the following pollut
ant parameters: 

free available chlorine, 
polychlorinated biphenyls, and 
pH. 

The pollutant parameters addressed in the 1974 Development 
Document were: 

pH, 
total solids, 
total suspended solids, 
total dissolved solids, 
biochemical oxygen demand (BOD), 
chemical oxygen demand (COD), 
chlorine residuals, 
alkalinity, 
acidity, 
total hardness, 
fecal coliform, 
surfactants, 
oil and grease, 
ammonia, 
total phosphorous, 
phenols, 
sulfate, 
sulfite, 
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fluoride, 
chloride, 
bromide, 
iron, 
copper, 
mercury, 
vanadium, 
chromium, 
zinc, 
magnesium, and 
aluminum. 

I 
The primary focus for selection of pollutant parameters for BAT, 
NSPS, and pretreatment standards is the list of 126 priority 
pollutants. The assessment of the priority pollutants that may 
be discharged from steam electric powerplants was based on the 
analytical results from the sampling program, data from the 308 
survey, and information published in the literature. Addition
ally, this program included a review of the wastestreams and 
pollutants regulated by the 1974 BAT, NSPS, PSNS and 1977 PSES 
regulations. 

The toxic pollutants detected in the sampling program are 
listed in table VI-1 by waste stream source. Since the sampling 
program did not include all plants in this industry, pollutants 
which were not detected at the sampled facilities may be dis
charged from other facilities. For this reason, case-by-case 
determinations to regulate specific toxics may be necessary in 
those instances where a toxic pollutant is measured in detectable 
amounts in a particular discharge. 

Pollutants at or below the level of quantification may be present 
at very low concentrations. The number of plants which reported 
(by questionnaire) various priority pollutants as known or 
suspected to be present in their waste streams are presented in 
table VI-2. In the 308 survey, powerplants were also requested 
to provide information regarding proprietary chemicals used 
during plant operations and their points of application. Table 
VI-3 provides a listing of those proprietary chemicals reported 
which contain one or more of the priority pollutants. The 
specific priority pollutants contained in each chemical was 
identified from the literature. The addition of any proprietary 
chemical containing a priority pollutant during operation of a 
plant would most likely result in the discharge of that pollutant 
in the plant's wastewater streams. Thus, knowledge of the 
chemical nature of proprietary chemicals and their point of 
application was an additional way of identifying priority pollut
ants in powerplant wastewater discharges. 

The following discussion of pollutant parameter selection and 
exclusion is based upon raw and treated effluent data collected 
by EPA. These data are summarized for the reader in Section V 
of this document. 
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Table VI-1 

PRIORITY POLLUTANTS DETECTED IN THE SAMPLING PROGRAM BY 
WASTE STREAM SOURCES 

PrioritI Pollutant Waste Stream Source 

Once Cooling Combined Bottom Fly Low Coal 
Through Tower Ash Ash Ash Volume Pile 
Cooling Blowdown Sluice Sluice Sluice Waste Runoff 
Water Water Water Water * 

Acenaphthene 0 0 0 0 0 0 0 
Acrolein 0 0 0 0 0 0 0 
Acrylonitrile 0 0 0 0 0 0 0 
Benzene x x x 0 0 x 0 

"' 
Benzidene 0 0 0 0 0 0 0 

lJl Carbon Tetrachloride 0 0 0 0 0 0 0 ,_. 
Chlorobenzene 0 0 0 0 0 x 0 
,1,2,4-Trichlorobenzene 0 0 0 0 0 0 0 
Hexachlorobenzene 0 0 0 0 0 0 0 
1,2-Dichloroechane 0 0 0 0 0 x 0 
1,1,1-Trichloroethane x 0 0 0 x x 0 
Hexachloroethane 0 0 0 0 0 0 0 
1,1-Dichloroethane 0 0 0 0 0 0 0 
1 ,1 ,2-Trichloroethane 0 0 0 0 0 x 0 
1 ,1 ,2,2-Tetrachloroethane 0 0 0 0 0 0 0 
Chloroethane 0 0 0 0 0 0 0 
Bis(Chloromethyl) Ether 0 0 0 0 0 0 0 
Bis(2-Chloroethyl) Ether 0 0 0 0 0 0 0 
2-Chloroethyl Vinyl Ether 

(Mixed) 0 0 0 0 0 0 0 
2-Chloronaphthalene x 0 0 0 0 0 0 
2,4,6-Trichlorophenol 0 0 0 0 0 0 0 
Parachlorometa Cresol 0 0 0 0 0 0 0 
Chloroform x x x 0 0 x 0 
2-Chlorophenol 0 0 0 0 0 x 0 
1,2-Dichlorobenzene x 0 0 0 0 x 0 
1,3-Dichlorobenzene 0 0 0 0 0 0 0 



Table VI-1 (Continued) 

PRIORITY POLLUTANTS DETECTED IN TIIE SAMPLING PROGRAM BY 
WASTE STREAM SOURCES 

Priority Pollutant Waste Stream Source 

Once Cooling Combined Bottom Fly Low Coal 
Through Tower Ash Ash Ash Volwne Pile 
Cooling Blowdown Sluice Sluice Sluice Waste Runoff 
Water Water Water Water * 

1,4-Dichlorobenzene 0 0 x 0 0 x 0 
3,3-Dichlorobenzidine 0 0 0 0 0 0 0 
1,1~Dichloroethylene x x x 0 0 0 0 
1,2-Trans-Dichloroethylene 0 0 0 0 0 x 0 
2,4-Dichlorophenol x x 0 0 0 x 0 
1,2-Dichloropropane 0 0 0 0 0 0 0 
1,3-Dichloropropene 0 0 0 0 0 0 0 

N 2,4-Dimethylphenol 0 0 0 0 0 0 0 
U1 2,4-D1n1trotoluene 0 0 0 0 0 0 0 
N 

2,6-Dinitrotoluene 0 0 0 0 0 0 0 
1,2-Diphenylhydrazine 0 0 0 0 0 0 0 
Ethylbenzene x 0 x 0 0 x 0 
Fluoranthene 0 0 0 0 0 0 0 
4-Chlorophenyl Phenyl Ether 0 0 0 0 0 0 0 
4-Bromophenyl Phenyl Ether 0 0 0 0 0 0 0 
Bis(2-Chloro1sopro~yl) Ether 0 0 0 0 0 0 0 
Bis(2-Chloroethoxy Methane 0 0 0 0 0 0 0 
Methylene Chloride x 0 x 0 x x 0 
Methyl Chloride 0 0 0 0 0 0 0 
Methyl Bromide 0 0 0 0 0 0 0 
Bromof orm x 0 0 0 0 x 0 
Dichlorobromomethane 0 0 0 0 0 x 0 
Tr1chlorofluoromethane 0 x x 0 0 0 0 
Dichlorodifluoromethane 0 0 0 0 0 0 0 
Chlorod1bromomethane x 0 0 0 0 x 0 
Hexachlorobutadiene 0 0 0 0 0 0 0 



Table VI-1 (Continued) 

PRIORITY POLLUTANTS DETECTED IN THE SAMPLING PROGRAM BY 
WASTE STREAM SOURCES 

Priority Pollutant Waste Stream Source 

Once Cooling Combined Bottom Fly L.ow Coal 
Through Tower Ash Ash Ash Volume Pile 
Cooling Blowdown Sluice Sluice Sluice Waste Runoff 
Water Water Water Water * 

Hexachlorocyclopentadiene 0 0 0 0 0 0 0 
Isophorone 0 0 0 0 0 0 0 
Naphthalene 0 0 0 0 0 0 0 
Nitrobenzene 0 0 0 0 0 x 0 

l\.J 2-Nitrophenol 0 0 0 0 0 0 0 U1 
w 4-Nitrophenol 0 0 0 0 0 0 0 

2,4-Dinitrophenol 0 0 0 0 0 0 0 
4.6-Dinitro-0-Cresol 0 0 0 0 0 0 0 
N-Nitrosodimethylamine 0 0 0 0 0 0 0 
N-Nitrosodiphenylamine 0 0 0 0 0 0 0 
N-N1trosodi-N-Propylamine 0 0 0 0 0 0 0 
Pentachlorophenol x 0 0 0 0 0 0 
Phenol x x x x x x 0 
Bis(2-Ethylhexyl) Phthalate x x x 0 x 0 0 
Butyl Benzyl Phthalate x 0 0 0 0 x 0 
Di-N-Butyl Phthalate x 0 0 0 x 0 0 
Di-N-Octyl Phthalate 0 0 0 0 0 x 0 
Diethyl Phthalate x 0 0 0 0 0 0 
Dimethyl Phthalate 0 0 x 0 0 0 0 
Benzo(A)Anthracene 0 0 0 0 0 0 0 
Benzo(A)Pyrene 0 0 0 0 0 0 0 
Benzo(B)Fluoranthene 0 0 0 0 0 0 0 
Benzo(K)Fluoranthene 0 0 0 0 0 0 0 
Chrysene 0 0 0 0 0 0 0 
Acenaphthylene 0 0 0 0 0 0 0 
Anthracene 0 0 0 0 0 0 0 
Benzo(G,H,I)Perylene 0 0 0 0 0 0 0 



Table VI-1 (Continued) 

PRIORITY POLLUTANTS DETECTED IN THE SAMPLING PROGRAM BY 
WASTE STREAM SOURCES 

PrioritI Pollutant Waste Stream Source 

Once Cooling Combined Bottom Fly Low Coal 
Through Tower Ash Ash Ash Volume Pile 
Cooling Blowdown Sluice Sluice Sluice Waste Runoff 
Water Water Water Water * 

Fluorene 0 0 0 0 0 0 0 
Phenanthrene 0 0 0 0 0 0 0 
D1benzo(A,H)A..~thracene 0 0 0 0 0 0 0 
Indeno(l,2,3,-C,D)Pyrene 0 0 0 0 0 0 0 
Pyrene 0 0 0 0 0 0 0 
Tetrachloroethylene x x x 0 0 x 0 
Toluene x x x 0 0 x 0 
Trichloroethylene x 0 0 0 0 x 0 

N Vinyl Chloride 0 0 0 0 0 0 0 U1 
.;.. Aldrin 0 0 0 0 0 0 0 

Dieldrin 0 0 0 0 0 0 0 
Chlordane 0 0 0 0 0 0 0 
4 ,4-DDT 0 0 0 0 0 0 0 
4,4-DDE 0 0 0 0 0 0 0 
4,4-DDD 0 0 x 0 0 x 0 
Endosulf an-Alpha 0 0 0 0 0 0 0 
Endosulfan-Beta 0 0 0 0 0 0 0 
Endosulf an Sulfate 0 0 0 0 0 0 0 
Endrin 0 0 0 0 0 0 0 
Endrin Aldehyde 0 0 0 0 0 0 0 
Heptachlor 0 0 0 0 0 0 0 
Heptachlor Epoxide 0 0 0 0 0 0 0 
BHC-Alpha 0 0 0 0 0 0 0 
BHC-Beta 0 0 0 0 0 0 0 
BHC(Lindane)-Gama 0 0 0 0 0 0 0 
BHC-Delta 0 0 0 0 0 0 0 
PCB-1242 ~Arochlor 1242~ 0 0 0 0 0 0 0 
PCB-1254 Arochlor 1254 0 0 0 0 0 0 0 



Table VI-1 (Continued) 

PRIORITY POLLUTANTS DETECTED IN THE SAMPLING PROGRAM BY 
WASTE STREAM SOURCES 

Priority Pollutant 

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(Total-F1bers/L1ter) 
Beryllium (Total) 
Cadmlum (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-D1oxin 

Note: 

Once 
Through 
Cooling 

Water 

0 
0 
0 
0 
0 
0 
x 
x 
0 
0 
x 
x 
x 
0 
x 
x 
x 
x 
x 
x 
x 
0 

Cooling 
Tower 

Blowdown 

0 
0 
0 
0 
0 
0 
x 
x 
x 
x 
v 
.n. 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

0 

Waste Stream Source 

Combined 
Ash 

Sluice 
Water 

0 
0 
0 
0 
0 
0 
x 
x 
0 
x 
u 
A 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

0 

Bottom Fly 
Ash Ash 

Siuice Sluice 
Water Water 

0 
0 
0 
0 
0 
0 
x 
x 
0 
x 
x 
x 
x 
0 
x 
x 
x 
x 
0 
0 
x 

0 

0 
0 
0 
0 
0 
0 
x 
x 
0 
x 
x 
x 
x 
0 
x 
x 
x 
x 
0 
x 
x 

0 

Low 
Volume 
Waste 

0 
0 
0 
0 
0 
0 
x 
x 
0 
0 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

0 

Coal 
Pile 

Runoff 

0 
0 
0 
0 
0 
0 
0 
0 
0 
x 
x 
x 
x 
0 
x 
0 
x 
0 
0 
0 
x 

0 

* 

X ~ Present in greater concentration in the effluent than in the influent at least once. 
O =Never present in greater concentration in the effluent than in the influent. 
* = Since coal pile runoff has no influent stream (except rainfall), this column 

reflects whether or not the pollutant was ever detected in the coal pile effluent 
stream. 



Table VI-2 

NUMBER 0:[ PLANTS REPORTING VARIOUS PR,IORITY POLLUTANTS 
AS KNOWN OR SUSPECTED TO BE PRESENT IN VARIOUS WASTE STREAMf 

(308 questionnaire data) 

Number of Plants Reporting by 
Waste Stream* 

Priority Pollutant 2 3 4 5 6 

Acenaphten 9 0 0 0 0 0 

Acrolein 0 0 0 0 0 0 

Acrylonitrile 0 1 0 0 0 0 
Aldrin-dieldrin 0 0 0 0 0 0 
Antimony and Compounds 108 0 3 0 0 1 5 
Arsenic and Compounds 155 1 3 2 2 11 36 
Ashes tos 5 0 0 32 9 4 
Benzene 0 0 0 2 0 1 9 
Benzidine 0 0 0 0 0 0 
Beryllium and Compounds 96 0 0 1 0 1 5 
Cadmium and Compounds 124 1 3 0 8 25 
Carbon Tetrachloride 0 0 0 0 0 9 
Chlordane 0 0 0 1 0 0 
Chlorinated Benzenes 1 0 0 1 0 0 
Chlorinated Ethanes 1 0 0 20 0 2 
Chlorinated Phenols 0 0 7 0 
Chloroalkyl Ethers 0 0 0 0 0 0 
Chloroform 0 0 1 0 0 1 9 
Chromium and Compounds 145 4 40 3 43 45 
Copper and Compounds 132 38 8 9 76 69 
Cyanides 18 0 0 0 0 1 2 
DDT and Metabolites 0 0 0 0 0 0 
Dichlorobenzenes 0 0 0 0 0 0 
Dichloroethylenes 0 0 0 0 0 0 
Diphenylhydrazine 0 1 0 0 0 0 
EDTA 2 7 6 6 0 39 
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Table VI-2 (Continued) 

NUMBER 01~ PLANTS REPORTING VARIOUS PRIORITY POLLUTANTS 
AS KNOWN OR SUSPECTED TO BE PRESENT IN VARIOUS WASTE STREAMS 

(308 questionnaire data) 

Number of Plants Reporting by 
Waste Stream* 

Priority Pollutant 1 2 3 4 5 6 

Flouranthene 0 0 0 0 0 0 
Halo ethers 0 0 0 0 0 0 
Halomethanes 0 0 0 0 0 0 
Heptachlor and Metabo li ties 0 0 0 0 0 0 
Isophorone 0 0 0 0 0 
Lead and Compounds 132 9 3 1 2 8 37 
Mercury and Compounds 137 1 1 2 13 0 43 
Naphthalene 0 0 0 0 0 14 
Nickel and Compounds 137 14 3 3 65 48 
Ni tros amines 6 0 0 0 0 0 
PCBS 4 0 0 2 0 0 
Pentachlorophenol 1 0 9 0 0 1 
Phenol 5 6 2 1 2 19 
Phthalate Esters 0 0 0 0 0 1 
Polynuclear Aromatic 

Hydrocarbons 1 0 0 0 0 0 
Selenium and Compounds 120 0 2 0 20 
Silver and Compounds 83 3 2 0 0 26 
Tetrachloroethylene 0 0 0 1 0 0 
Thallium and Compounds 34 0 2 0 0 2 
Toluene 0 0 0 0 0 18 
Trichloroethylene 0 0 0 5 0 0 
Vanadium 94 0 2 0 0 6 
Vinyl chloride 0 0 0 0 0 
Zinc and Compounds 142 7 22 9 59 49 
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Table VI-2 (Continued) 

NUMBER OF PLANTS REPORTING VARIOUS PRIORITY POLLUTANTS 
AS KNOWN OR SUSPECTED TO BE PRESENT IN VARIOUS WASTE STREAMS 

(308 questionnaire data) 

Number of Plants Reporting by 
Waste Stream* 

Priority Polutant 

2-chlorophenol 
2,4 Dichlorophenol 
2,4 Dimethylphenol 

*Waste Streams: 

1 - ash transport water 
2 - water treatment wastes 
3 - cooling system wastes 
4 - maintenance wastes 
5 - construction wastes 
6 - other wastes 

0 
0 
0 
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0 
0 
0 

0 
0 
0 

0 
0 
1 

0 
0 
0 

0 
0 
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Table VI-3 

PRIORI1'Y POLLUTANT CONTAINING PROPRIE!ARY CHEMICALS 
USED BY POWER PLANTS 

(308 questionnaire data) 

Proprietary Chemical 
(point of application*) 

NALCO CHEMICALS 

25L (CT)* 
37 (BW) 
38 (CW) 
75 (BW) 
201 (CT) 
344 (CT) 
375 (CW) 
425L(BW) 

CALGON CHEMICALS 

CL-70 (CT) 
CL-35 (BW) 
CL-68 (CW) 

DEARBORN CHEMICALS 

71 2 (CW) 

BETZ CHEMICALS 

BETZ 40P (CW) 
BETZ 403 (CW) 
DIANODIC 191 (CW) 

DOW CHEMICALS 

DOWICIDE GB (ALGACIDE) 

HERCULES CHEMICALS 

CR 403 (CT) 

DUPONT 

KARMEX (CW) 

Specific Priority Pollutant 
Contained in Product (4,5) 

COPPER 
CHROMIUM 
CHROMIUM 
PHENOL 
CHLORINATED PHENOLS 
ACRYLONITRILE 
CHROMIUM 
COPPER 

ZINC CHLORIDE 
SODIUM DICROMATE 
SODIUM DICHROMATE, ZINC CHLORIDE 

CHLORINATED PHENOLS 

CHROMATE AND ZINC SALTS 
CHROMATE AND ZINC SALTS 
CHROMATE AND ZINC SALTS 

CHLORINATED PHENOLS 

ZINC DICHROMATE, CHROMIC ACID 

CHLORINATED PHENOLS 
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Table VI-3 (Continued) 

PRIORI~ POLLUTANT CONTAINING PROPRIETARY CHEMICALS 
USED BY POWER PLANTS 

(308 questionnaire data) 

Proprietary Chemical 
(point of application*) 

DREW CHEMICALS 

BIOSPERSE 201 (CW) 

ASHLAND CHEMICALS 

1 ,1 ,1-TRICHLOROETHANE (FA) 

BURRIS CHEMICALS 

SODIUM DICHROMATE (CT) 

*Point of Application· 

BW - BOILER WATER 
CT - COOLING TOWER 
CW - COOLING WATER 
FA - FUEL ADDITIVE 

Specific Priority Pollutant 
Contained in Product (4,5) 

CHLORINATED ETHANES 

CHLORINATED ETHANES 

SODIUM DICHROMATE 
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ONCE THROUGH COOLING WATER 

Chlorine. Chlorine may be present in cooling water as free 
available chJorine (FAC) or as combined residuaf chlorine (CRC). 
It may be measured as FAC, CRC, or total residual chlorine 
(TRC); the latter measures both CRC and FAC. 

FAC is the most toxic pollutan~ of the three. However, CRC is 
also toxic to aquatic life.a' ,c Limits on FAC alone would 
ignore the toxic contribution of CRC. Therefore, EPA concluded 
that regulation of TRC would better protect aquatic life 
from the toxic effects of both FAC and CRC. For this same 
reason EPA bdsed the EPA water quality criteria for chlorine on 
TRC rather than FAC or TRC.a 

Toxics. The discharge of polychlorinated biphenyl compounds 
(PCBs) is prohibited. This includes, but is not limited to, the 
seven PCBs on the list of 126 toxic pollutants. PCBs have been 
prohibited from discharge in this industry since 1974. 

The following 95 toxic pollutants are excluded from national 
regulation for direct and indirect dischargers because they were 
not detected by Section 304(h) analytical methods or other 
state-of-the-art methods: 

Acenaphthene 
Acrolein 
Acryloni trilc: 
Benzidene 
Carbon Tetrachloride 
1,2,4-Trichlorobenzene 
Hexachlorobenzene 
Hexachloroethane 
1,1-Dichloroethane 
1,1,2,2-Tetrachloroethane 
Chloroethane 
Bis(2-Chloroethyl) Ether 
2-Chloroethy.L Vinyl Ether (Mixed) 
2,4,6-Trichlorophenol 
Parachlorometa Cresol 
1,3-Dichlorobenzene 
3,3-Dichlorobenzidine 
1,2-Dichloropropane 
1,3-Dichloropropene 
2,4-Dimethylphenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
1,2-Diphenylhydrazine 
Fluoranthene 1 

a Quality Criteria for Water, EPA, July 1976. 
b Chlorine Toxicity in Aquatic Ecosystems, Turner and Thayer, 

1980. 
c Chlorine Toxicity as a Function of Environmental Variables 

and Species Tolerance, Edison Electric Institute, November, 
1981. 
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4-Chlorophenyl Phenyl Ether 
4-Bromophenyl Phenyl Ether 
Bis(2-Chloroisopropyl) Ether 
Bis(2-Chloroethoxy) Methane 
Methyl Chloride 
Methyl Bromide 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Isophorone 
Naphthalene 
2-Nitrophenol 
4-Nitrophenol 
2,4-Dinitrophenol 
4,6-Dinitro-O-Cresol 
N-Nitrosodimethylamine 
N-Nitrosodiphenylamine 
N-Nitrosodi-N-Propylamine 
Benzo(A)Anthracene 
Benzo(A)Pyrene 
Benzo(B)Fluoranthene 
Benzo(K)Fluoranthene 
Chrysene 
Acenaphthylene 
Anthracene 
Benzo(G,H,I)Perylene 
Fluorene 
Phenanthrene 
Dibenzo(A,H)Anthracene 
Indeno(l,2,3,-C,D) Pyrene 
Pyrene 
Vinyl Chloride 
Aldrin 
Dieldrin 
Chlordane 
4,4-DDT 
4,4-DDE 
Endosulf an-Alpha 
Endosulf an-Beta 
Endosulfan Sulfate 
Endrin 
Endrin Aldehyde 
Heptachlor 
Heptachlor Epoxide 
BHC-Alpha 
BHC-Beta 
BHC(Lindane)-Gama 
BHC-Delta 
Toxaphene 
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2,3,7,8-Tetrachlorodibenzo-P-Dioxin 
Chlorobenzene 
1,2-Dichloroethane 
1,1,2-Trichloroethane 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,2-Trans-Dichloroethylene 
Dichlorobromomethane 
Nitrobenzene 
4,4-DDD 
Asbestos 
Beryllium 
Cyanide 

The following seven toxic pollutants are excluded from regula
tion for direct and indirect dischargers because their detection 
in the final effluent samples is believed to be attributed to 
laboratory analysis and sampling contamination. Therefore, EPA 
believes these pollutants, although monitored in the effluents, 
are not detectable as a result of their presence in the effluent 
but rather as a result of contamination. 

Methylene Chloride 
Bis(2-EthylheKyl) Phthalate 
Butyl Benzyl Phthalate 
Di-N-Butyl Phthalate 
Di-N-Octyl Phthalate 
Diethyl Phthalate 
Dimethyl Phthalate 

The following 24 toxic pollutants are excluded from national 
regulation because they are present in amounts too small to be 
effectively reduced by technologies known to the Administrator. 
The observed levels are generally less than 10 ug/l. 

Benzene 
1,1,1-Trichloroethane 
2-Chloronaphthalene 
1,2-Dichlorobenzene 
1,1-Dichloroethylene 
2,4-Dichlorophenol 
Ethylbenzene 
Pentachlorophenol 
Phenol 
Tetrachloroethylene 
Toluene 
Trichloroethylene 
Antimony 
Arsenic 
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Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

The following three tox1c pollutants are excluded from national 
regulation because the pollutants are detectable in only a small 
number of sources and are uniquely related to those sources and 
because the pollutants are present in amounts too small to be 
effectively reduced by technologies known to the Administrator. 

Chloroform 
Bromof orm 
Chlorodibromomethane 

COOLING TOWER BLOWDOWN (Recirculating Cooling Water Systems). 

D1rect Dischargers 

Chlorine. The Agency considered regulating chlorine by limiting 
total residual chlorine (TRC) as discussed above for once through 
cooling water. However, the Agency reexamined the data pertain
ing to chlorine. The Agency found that the flow of this waste 
stream was less than one percent of once-through cooling water 
flow for the industry. Less than 0. 5 percent of the TRC which 
would be removed by regulating both cooling tower blowdown and 
once-through cooling water is attributable to cooling tower 
blowdown. EPA therefore concluded that the appropriate emphasis 
on TRC control should be in the once-through cooling waste 
stream and that BAT and NSPS for recirculating cooling systems 
should equal the FAC limits in previously promulgated BAT and 
NSPS. 

Toxics. Of the 126 toxic pollutants, 124 are prohibited in 
detectable amounts where they are contained in cooling tower 
maintenance chemicals. This is based upon the Agency's finding 
that commercial cooling tower maintenance chemicals may contain 
one or more of the toxic pollutants, as discussed in Section V 
and VII and presented in Table VI-3. 

The other two toxic pollutants, chromium and zinc, are retained 
for regulation from the 1974 regulation. 
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Indirect Dischargers 
-

Toxics. The 126 toxic pollutants are regulated as for direct 
dischargers. Since equivalent pollutant removals are required 
for indirect and direct dischargers, EPA determined that a zero 
discharge pretreatment standard for the 124 toxic pollutants was 
the means of assuring that no such priority pollutants would pass 
through a POTW. 

Low Volume Wast:ewaters 

Direct Dischargers 

The discharge of PCBs is prohibited for BAT and NSPS. This 
includes, but is not limited to, the seven PCBs on the list of 
toxic pollutants. PCBs have been regulated since 1974 in this 
industry. For NSPS, OJ l and grease continues to be regulated. 

Indirect Dischargers 

The discharge of PCBs is prohibited r as for direct dischargers. 

Toxic Pollutants Excluded 

The following 78 toxic pollutants are excluded from national 
regulation because they are not detected by Section 304(h) 
analytical methods or other state-of-the-art methods: 

Acenaphthene 
Acrolein 
Acrylonitrile 
Benzidene 
Carbon Tetrachloride 
1,2,4-Trichlorobenzene 
Hexachlorobenzene 
Hexachloroethane 
1,1-Dichloroethane 
1,1,2,2-Tetrachloroethane 
Chloroethane 
Bis(2-Chloroethyl) Ether 
2-Chloroethyl Vinyl Ether (Mixed) 
2,4,6-Trichlorophenol 
Parachlo~ometa Cresol 
1,3-Dichlorobenzene 
3,3-Dichlorobenzidine 
1,2-Dichloropropane 
1,3-Dichloropropene 
2,4-Dimethylphenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
1,2-Diphenylhydrazine 
Fluoranthene 
4-Chlorophenyl Phenyl Ether 
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4-Bromophenyl Phenyl Ether 
Bis(2-Chloroisopropyl) Ether 
Bis(2-Chloroethoxy) Methane 
Methyl Chloride 
Methyl Bromide 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Isophorone 
Naphthalene 
2-Nitrophenol 
4-Nitrophenol 
2,4-Dinitrophenol 
4,6-Dinitro-O-Cresol 
N-Nitrosodimethylamine 
N-Nitrosodiphenylamine 
N-Nitrosodi-N-Propylamine 
Benzo(A)Anthracene 
Benzo(A)Pyrene 
Benzo(B)Fluoranthene 
Benzo(K)Fluoranthene 
Chrysene 
Acenaphthylene 
Anthracene 
Benzo(G,H,I)Perylene 
Fluorene 
Phenanthrene 
Dibenzo(A,H)Anthracene 
Indeno(l,2,3,-C,D) Pyrene 
Pyrene 
Vinyl Chloride 
Aldrin 
Dieldrin 
Chlordane 
4,4-DDT 
4,4-DDE 
Endosulf an-Alpha 
Endosulf an-Beta 
Endosulf an Sulfate 
Endrin 
Endrin Aldehyde 
Heptachlor 
Heptachlor Epoxide 
BHC-Alpha 
BHC-Beta 
BHC(Lindane)-Gama 
BHC-Delta 
Toxaphene 
2,3,7,8-Tetrachlorodibenzo-P-Dioxin 
2-Chloronaphthalene 
1,1-Dichloroethylene 
Pentachlorophenol 
Asbestos 
Beryllium 
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The following 34 toxic pollutants are excluded from national 
regulation because they are present in amounts too small to be 
effectively reduced by technologies known to the Administrator. 
The observed levels are generally less than 10 ug/l. 

Benzene 
Chlorobenzene 
1,2-Dichloroethane 
1,1,1-TrichJoroethane 
1,1,2-TrichJoroethane 
Chloroform 
2-Chlorophenol 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Trans-Dichloroethylene 
2,4-Dichlorophenol 
Ethylbenzene 
Bromoform 
Dichlorobromomethane 
Chlordibromomethane 
Nitrobenzene 
Phenol 
Tetrachloroethylene 
Toluene 
Trichloroethylene 
4,4-DDD 
Antimony 
Arsenic 
Cadmium 
Chromium 
Copper 
Cyanide 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
zinc 

The following seven toxic pollutants are excluded from regulation 
because the11.r detection in the final effluent samples is believed 
to be attributed to laboratory analysis and sampling contamina
tion. Therefore, EPA believes these pollutants, although moni
tored in the effluent are not detectable as a result of their 
presence in lhe effluent but rather as a result of contamination. 
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¥pthylene Chloride 
~~s(2-Ethylhexyl) Phthalate 
Butyl Benzyl Phthalate 
Di-N-Butyl Phthalate 
Di-N-Octyl Phthalate 
Diethyl Phthalate 
Dimethyl Phthalate 

Fly Ash Handling 

Direct Dischargers 

BAT. The discharge of PCBs is prohibited for BAT, as in the 
1974 BAT regulation. No non-conventional pollutants were identi
fied for national regulation. 

NSPS. The discharge of all wastewater pollutants is prohibited. 

PSES. The discharge of PCBs is prohibited, as in the 1977 PSES 
regulation. 

PSNS. The discharge of all wastewater pollutants is prohibited. 

Bottom Ash Handling 

Direct Dischargers 

The discharge of PCBs is prohibited for BAT and NSPS. This 
includes, but is not limited to, the seven PCBs on the list of 
toxic pollutants. PCBs have been regulated in this industry 
since 1974. Also, for NSPS, regulation of total suspended solids 
and oil and grease is retained from the 1974 NSPS. 

Indirect Dischargers 

The discharge of PCBs is prohibited for PSES and PSNS as for 
direct dischargers. 

Chemical Metal Cleaning ~astes 

Direct Dischargers 

The discharge of PCBs is prohibited. This includes, but is not 
limited to, the seven PCBs on the list of toxic pollutants. This 
is an extension of the 1974 prohibition on the discharge of PCBs. 

The toxic pollutant copper and the non-conventional pollutant 
iron are regulated. This is an extension of the 1974 regulation. 
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Indirect Dischargers 

The discharge of PCBs is prohibited for direct dischargers. 
Also, the toxic pollutant copper is regulated for PSES and PSNS. 
These are an extension of the 1977 PSES requirem~nts. 

Direct and Indirect Dischargers 

The following 105 toxic pollutants are excluded from national 
regulation because they were not detected by Section 304(h) 
analytical methods or other ·state-of-the-art methods: 

Acenaphthene 
Ac role in 
Acrylonitrile 
Benzidene 
Carbon Tetrachloride 
1,2,4-Trichlorobenzene 
Hexachlorobenzene 
Hexachloroethane 
1,1-Dichloroethane 
1,1,2,2-Tetrachloroethane 
Chloroethane 
Bis(2-Chloroethyl) Ether 
2-Chloroethyl Vinyl Ether (Mixed) 
2,4,6-Trichlorophenol 
Parachlorometa Cresol 
1,3-Dichlorobenzene 
3,3-Dichlorobenzidine 
1,2-Dichloropropane 
1,3-Dichloropropene 
2,4-Dimethylphenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
1,2-Diphenylhydrazine 
Fluoranthene 
4-Chlorophenyl Phenyl Ether 
4-Bromophenyl Phenyl Ether 
Bis(2-Chloroisopropyl) Ether 
Bis(2-Chloroethoxy) Methane 
Methyl Chloride 
Methyl Bromide 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Isophorone 
Naphthalene 
2-Nitrophenol 
4-Nitrophenol 
2,4-Dinitrophenol 
4,6-Dinitro-O-Cresol 
N-Nitrosodimethylamine 
N-Nitrosodiphenylamine 
N-Nitrosodi-N-Propylamine 
Benzo(A)Anth~acene 

Benzo (A) Pyren1e 
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Benzo(B)Fluoranthene 
Benzo(K)Fluoranthene 
Chrysene 
Acenaphthylene 
Anthracene 
Benzo(G,H,I)Perylene 
Fluorene 
Phenanthrene 
Dibenzo(A,H)Anthracene 
Indeno{l,2,3,-C,D) Pyrene 
Pyrene 
Vinyl Chloride 
Aldrin 
Dieldrin 
Chlordane 
4,4-DDT 
4,4-DDE 
Endosulf an-Alpha 
Endosulf an-Beta 
Endosulf an Sulfate 
Endrin 
Endrin Aldehyde 
Heptachlor 
Heptachlor Epoxide 
BHC-Alpha 
BHC-Beta 
BHC{Lindane)-Gama 
BHC-Delta 
Toxaphene 
2,3,7,8-Tetrachlorodibenzo-P-Dioxin 
Benzene 
Chlorobenzene 
1,2-Dichloroethane 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
2-Chloronaphthalene 
Chloroform 
2-Chlorophenol 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
1-1-Dichloroethylene 
1,2-Trans-Dichloroethylene 
2,4-Dichlorophenol 
Ethyl benzene 
Bromof orm 
Dichlorobromomethane 
Chlorodibromomethane 
Ni trobenzene 
Pentachlorophenol 
Phenol 
Tetrachloroethylene 
Toluene 
Trichloroethylene 
4,4-DDD 
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Antimony 
Arsenic 
Asbestos 
Cyanide 
Mercury 
Selenium 
Silver 
Thallium 

The following six toxic pollutants are excluded from national 
regulation bcecause sufficient protection is already provided by 
the Agency's guidelines and ,standards under the Act. The BAT, 
PSES, PSNS, c:tnd NSPS limitations for copper and iron will effec
tively control the discharge of these pollutants. 

Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Zinc 

The following seven toxic pollutants are excluded from regulation 
because their detection in the final effluent samples is believed 
to be attributed to laboratory analysis and sampling contamina
tion. Thereforef EPA believes these pollutants, although moni
tored in the effluent are not detectable as a result of their 
presence in the effluent but rather as a result of contam1nat1on. 

Methylene Chloride 
Bis(2-Ethylhexyl) Phthalate 
Butyl Benzyl Phthalate 
Di-N-Butyl Phthalate 
Di-N-Octyl Phthalate 
Diethyl Phthalate 
Dimethyl Phthalate 

COAL PILE RUNOFF 

Direct, Dischargers 

The discharge of PCB's is prohibited. This includes, but is not 
limited to, the seven PCB's on the list of toxic pollutants. 
This is an e>:t ens ion of the 1974 proh ibi ti on on PCB' s. For BAT, 
no non-conventional pollutants were selected for national regula
tion. For NSPS, total suspended solids is regulated, as in the 
1974 regulations. 
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Indirect Dischargers 

The discharge of PCB's is prohibited as for direct dischargers. 

Direct and Indirect Dischargers 

The following 105 toxic pollutants are excluded from national 
regulation because they were not detected by Section 304(h) 
analytical methods or other state-of-the-art methods: 

Acenaphthene 
Acrolein 
Acrylonitrile 
Benzidene 
Carbon Tetrachloride 
1,2,4-Trichlorobenzene 
Hexachlorobenzene 
Hexachloroethane 
1,1-Dichloroethane 
1,1,2,2-Tetrachloroethane 
Chloroethane 
Bis(2-Chloroethyl) Ether 
2-Chloroethyl Vinyl Ether (Mixed) 
2,4,6-Trichlorophenol 
Parachlorometa Cresol 
1,3-Dichlorobenzene 
3,3-Dichlorobenzidine 
1,2-Dichloropropane 
1,3-Dichloropropene 
2,4-Dimethylphenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
1,2-Diphenylhydrazine 
Fluoranthene 
4-Chlorophenyl Phenyl Ether 
4-Bromophenyl Phenyl Ether 
Bis(2-Chloroisopropyl) Ether 
Bis(2-Chloroethoxy) Methane 
Methyl Chloride 
Methyl Bromide 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Isophorone 
Naphthalene 
2-Nitrophenol 
4-Nitrophenol 
2,4-Dinitrophenol 
4,6-Dinitro-O-Cresol 
N-Nitrosodimethylamine 
N-Nitrosodiphenylamine 
N-Nitrosodi-N-Propylamine 
Benzo(A)Anthracene 
Benzo(A)Pyrene 
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Benzo(B)Fluoranthene 
Benzo(K)Fluoranthene 
Chrysene 
Acenaphthylene 
Anthracene 
Benzo(G,H,I)Perylene 
Fluorene 
Phenanthrene 
Dibenzo(A,H)Anthracene 
Indeno(l,2,3,-C,D) Pyrene 
Pyrene 
Vinyl Chloride 
Aldrin 
Dieldrin 
Chlordane 
4,4-DDT 
4,4-DDE 
Endosulf an-Alpha 
Eneosulf an-Beta 
Endosulf an Sulfate 
Endrin 
Endr in Aldehyde 
Heptachlor 
Heptachlor Epoxide 
BHC-Alpha 
BHC-Beta 
BHC(Lindane)-Gama 
BHC-Delta 
Toxaphene 
2,3,7,8-Tetrachlorodibenzo-P-Dioxin 
Benzene 
Chlorobenzene 
1,2-Dichloroethane 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
2-Chloronaphthalene 
Chloroform 
2-Chlorophenol 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
1,1-Dichloroethylene 
1,2-Trans-Dichloroethylene 
2-4-Dichlorophenol 
Ethylbenzene 
Bromof orm 
Dichlorobromomethane 
Chlordibromomethane 
Nitrobenzene 
Pentachlorophenol 
Phenol 
Tetrachloroethylene 
Toluene 
Trichloroethylene 
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4,4-DDD 
Antimony 
Arsenic 
Asbestos 
Cyanide 
Mercury 
Selenium 
Silver 
Thallium 

The following seven toxic pollutants are excluded from national 
regulation because sufficient protection is already provided by 
the Agency's guidelines and standards under the Act. The BPT 
and NSPS limitation for total suspended solids will effectively 
control the discharge of these pollutants. 

Beryllium 
Cadmium 
Chromium 
Copper 
Lead 
Nickel 
Zipc 

The following seven toxic pollutants are excluded from regulation 
because their detection in the final effluent samples is believed 
to be attributed to laboratory analysis and sampling contamina
tion. Therefore, EPA believes these pollutants, although moni
tored in the effluent are not detectable as a result of their 
presence in the effluent but rather as a result of contamination. 

Methylene Chloride 
Bis(2-Ethylhexyl) Phthalate 
Butyl Benzyl Phthalate 
D1-N-Butyl Phthalate 
Di-N-Octyl Phthalate 
Diethyl Phthalate 
Dimethyl Phthalate 
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SECTION VII 

TREATMENT AND CONTROL TECHNOLOGY 

INTRODUCTION 

This section addresses treatment and control technologies Judged 
to be effect1ve in reducing or eliminating pollutants from steaM 
electric power wastewaters. Wastewaters from steam electric 
powerplants vary in both quality and quantity from one plant to 
another. Control of pollutants, however, can be achieved in a 
uniform manner. The treatment and control technologies described 
in this section are those technologies which are available or 
currently in use in the steaM electric power industry to decrease 
the discharge of toxic pollutants to navigable waters. The 
discussion of technologies is organized by ma]Or waste strearas 
and waste stream categories: cooling water, ash handling, low 
volume wastes, Metal cleaning wastes, and coal pile runoff. 

ONCE-THROUGH COOLING WATER 

In-Plant Discharge Control 

Introduction 

This section addresses in-plant treatMent and control technolo
gies that were Judged to be effective in reducing or eliminating 
the concentration of total residual chlorine (TRC) in once
through cooling water. Chemical substitutions and improved 
process controls are two technology areas which contain poten
tially attractive control techniques. Housekeeping practices 
were exaMined for methods of TRC reduction: however, no such 
methods were discovered. In addition, changes in the raanufac
tur ing process were also exaMinea. Al though using dry cooling 
towers or a complete cooling water recirculation system would be 
effective in reducing TRC, these control techniques were Judged 
not to be feasible from a cost standpoint because of retrofit 
cos ts. The following subsections discuss cheMical substitutions 
and improved process controls and their associated costs. 

Chemical SubsL1tutions 

TRC in once-t~~ough cooling water results from the application of 
chlorine to influent cooling water as a biofouling control agent. 
The substitution of other oxidizing agents for the chlorine will 
reduce or eliminate TRC in the cooling water. Oxidizing cheMi
cals which were investigated include: 
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Bromine chloride, 
Chlorine dioxide, 
Ozone, 
Bromine, 
Iodine. 

The chenicals selected from this list for further evaluation 
were: bronine chloride, chlorine dioxide, and ozone. 

Bromine Chloride 

Description of TechnologY-

A bromine chloride biofouling control facility is identical to a 
chlorine biofouling control facility (described in Section B.1.3) 
except for minor changes required by differences in the physical 
and chemical properties of bromine chloride and chlorine. Bro
mine chloride is denser than chlorine, so the handling equipment 
and scales for the containers are of higher capacity. Bromine 
chloride exists in equilibriun with bromine and chlorine in both 
the liquid and the gaseous phases in containers. The vapor pres
sure of chlorine is higher than the vapor pressures of bromine 
and bromine chloride; therefore, a chlorine-rich vapor exists in 
the gas phase in containers. As a result, bromine chloride is 
always withdrawn from containers as a liquid, and an evaporator 
is used to convert the liquid to gas. Bromine chloride condenses 
at a higher tenperature than chlorine, so the evaporator is 
designed to operate at a higher tenperature in a bromine chloride 
facility than in a chlorine facility to prevent condensation of 
bromine chloride. The design changes consist of using steam or 
direct electric resistence heating rather than hot water. Bro
mine chloride attacks both steel and polyvinyl chloride which are 
the materials normally used in chlorination facilities. As a 
result, nickel or Monel is substituted for steel, and Kynar is 
substituted for polyvinyl chloride, in all parts which are in 
contact with liquid or vapor bromine chloride (1, 2). 

Previous Industrial Applications 

Bromine chloride has been used on a trial basis at three plants 
with once-through cooling water systems ( 3, 4, 5), but is not 
currently being used for biofouling control at any steam electric 
powerplants (2). 

Effectiveness 

The substitution of bronine chloride for chlorine in biofouling 
control should eliminate all total residual chlorine in the 
cooling water. Although total residual chlorine will not be 
present, bromine residuals, which are also toxic, will probably 
be present. Because of the toxic bromine residuals, this 
technology is not a preferred biofouling control technology. 
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Chlorine Dioxtde 

Description of Technology 

Chlorine dioxLde is a gas under standard conditions. At concen
trations exceeding 15 to 20 percent, gaseous chlorine dioxide is 
unstable and, therefore, not suitable for handling in bulk form. 
As a result, chlorine dioxide is generated on site. Two methods 
of generating chlorine dioxide for biofouling control, the chlo
rine gas method and the hypochlorite method, are commonly used. 

Chlorine Gas Method. When chlorine gas is dissolved in water, 
hypochlorous acid and hydrochl:oric acid are formed: 

HOCl + HCl ( l) 

This is the reaction that occurs in the inJector of a chlorina
tion system. The chlorine dioxide biofouling control facility 
takes the chlorinated water stream from the inJector and passes 
it through a packed colurm in which it reacts with a sodium 
chlorite solution to form chlorine dioxide: 

HOCl + HCl + 2NaCl02 ( 2) 

The resulting chlorine dioxide solution then enters the cooling 
water through a diffuser. 

A simplified, schematic diagram of a chlorine dioxide biofouling 
control facility based on the chlorine gas generation method is 
presented in figure VI I-1. The facility contains a conplete 
chlorination system as described in the chlorine minimization 
section. In addition, the facility includes a sodium chlori te 
solution storage container, a metering pump for the sodiun 
chlorite solution, and the packed column. The ~aJor component of 
the chlorine dioxide facility is the chlorination system. 

The feed rate of chlorine dioxide to the cooling water is con
trolled by adJusting the feed rates of the chlorine gas and the 
sodiun chlorite solution to the packed column. The feed rate of 
chlorine gas is controlled by the chlorinator in the chlorination 
system. The feed rate of the sodium chlorite solution is con
trolled by the metering pu!'lp. Since the flow of water through 
the packed colunn is provided by the booster pump in the chlori
nation systen, the flow re~ains constant; therefore, changes in 
the feed rates of chlorine gas and sodiu~ chlorite solution 
result in changes in the concentration of chlorine dioAide gas in 
the water entering the diffuser. 
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Hypochlorite Method. When sodium hypochlorite is dissolved in 
water, hypochlorous acid and sodium hydroxide are formed: 

HOCl + NaOH ( 3) 

Reaction of the hypochlorous acid with a sodium chlorite solution 
produces chlorine dioxide: 

2HOC1 + 4NaC102 + H2S04 
( 4 ) 

4Cl02 + Na2S04 + 2NaCl + 2H20 

The sodium hydroxide formed in the reaction represented by equa
tion 3 ra Lses the pH of the solution above the optimum for the 
reaction in equation 4; therefore, sulfuric acid is added to the 
reaction represented by equation 4 to lower the pH. The reac
tions in equations 3 and 4 are the basis of the hypochlorite 
method. 

A simplified, schenatic diagrruq of a chlorine dioxide biofouling 
control f ac·ili ty based on the hypochlori te generation nethod is 
presented Jn figure VII-2. A side stream of cooling water is 
punped to a packed column. Sulfuric acid and sodium hypochlorite 
are added by metering pumps to the water in the pipe between the 
punp and the column; thus, the reaction in equation 32 has 
occurred and the pH is at the optimum for the reaction in equa
tion 4 when the water reaches the column. At this point, a 
sodium ch.Lorite solution is added by a metering pump to the 
water, and the reaction in equation 4 occurs in the coluMn. The 
resulting chlorine dioxide solution enters the cooling water 
through a diffuser. The feed rate of chlorine dioxide to the 
cooling water is controlled by adJusting the feed rate of the 
sodiura hypochlorite and sodiun chlorite solution metering pumps. 

Previous Industrial Applications 

Chlorine dioxide is currently being used for biofouling control 
in a lir.u ted number of steam electric powerplants with once
through cooling water systeMs and in a single plant with a 
recirculating cooling water system (1). 

Effectiveness 

The substitution of chlorine dioxide for chlorine in biofouling 
control should eliminate all total residual chlorine in the 
cooling water; however, the addition of excess chlorine in the 
generation, of chlorine dioxide to insure maximum yield could 
create a total chlorine residual in the cooling water. The 
<letermination of the presence or absence of this residual and the 
concentration if the residual is present, is not possible. All 
of the methods of determining total residual chlorine are based 
on the oxidizing power of both free and combined chlorine resi
duals (7); chlorine dioxide residuals are also oxidizing agents. 
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As a result, any attempt to measure total residual chlorine 
results in a meas urenen t of both total residual chlorine and 
chlorine dioxide residuals. No officially accepted method of 
eliminating the chlorine dioxide residual interference is 
available (7). 

In the absence of data on total residual chlorine in cooling 
water treated with chlorine dioxide, it was assumed that the con
centration of total residual chlorine is zero. The basis for 
this assumptLon is fairly sound. The quantity of chlorine 
dioxide added to the cooling water is much greater than the 
quantity of chlorine added, and chlorine is a more powerful 
oxidant than chlorine dioxide (8). Therefore, the limited amount 
of chlorine is probably consumed by inorganic reducing agents and 
the biological fouling organisms before chlorine residuals are 
formed. Although total residual chlorine is probably not pres
ent, chlorine dioxide residuals, which are also toxic, are 
present. Therefore, this is not a preferred technology for 
reducing biofouling. 

Ozone 

Description of Technology 

An ozone biofouling control facility consists of three systems: 
the ozone generating system, the gas treating system, and the 
gas-liquid contacting system. 

ozone is generated on site by passing an oxygen-bearing gas 
through a high frequency electric field called a corona. A 
schematic diagram of a corona cell is shown in figure VII-3. The 
cell consists of two electrodes separated by a narrow gap. One 
electrode is grounded and a high voltage alternating current is 
applied to the other electrode. This electrode discharges to the 
grounded electrode creating a high intensity corona discharge in 
the gap between the electrodes. The dielectric on the discharg
ing electrode stabilizes the discharge over the entire electrode 
so that it does not localize in an intense arc. The corona 
discharge in, the gap converts some of the oxygen in the oxygen
bearing gas passing through the gap to ozone. A relatively snall 
amount of the energy in the discharge is utilized to convert oxy
gen to ozone; consequently, a substantial amount of heat is 
produced by t.he discharge. The low volume of gas passing through 
the gap cannot dissipate the heat, so the electrodes are cooled 
by either a liquid or a gas in contact with the side of the 
electrode opposite the discharge gap. The configuration of the 
corona cell, the materials of construction, and the cooling 
method vary wJth Manufacturer (9, 10). 
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Ozone can be generated from either air or oxygen. In cooling 
water biofouling control applications, the choice between air and 
oxygen is based prl.Marily on facility design capacity. For sMall 
capacity facilities, air l. s more economical. For large capacity 
facilities, oxygen is no re economical. The breakpoint between 
air and oxygen is shown in figure VII-4 as a function of facility 
capacity e~pressed as flow and dosage. 

Whether aic or oxygen is used, the gas entering the generator 
must be dry. Moisture is removed from air by lowering its tem
perature, which causes the water to condense and then passing the 
air through a desiccant drier. Makeup oxygen comes directly from 
the oxygen source. Recycled oxygen is extracted from the waste 
gas from the gas-liquid contacting system. Moisture is removed 
from the recycled oxygen in the same way it is removed from air. 

The three basic methods of supplying makeup oxygen for ozone 
generation are: on-site liquid oxygen storage, on-site genera
tion by the pressure-swing adsorption process, and on-site 
generation by the cryogenic air separation process. On-site 
liquid oxygen storage requires an insulated tank, an evaporator, 
and the appropriate piping and valves. The stored liquid is 
withdrawn and vaporized to gas on demand. The supply of liquid 
oxygen is replenished periodically by tank truck deliveries from 
local suppliers. On-site storage is the preferred method when 
makeup requ1rements are less than 1 ton per day. On-site genera
tion by the pressure-swing , adsorption process is generally used 
for oxygen requirements of from 1 to 30 tons per day. In this 
process, air is compressed, cooled to condense moisture, and then 
passed through an adsorbent that removes carbon dioxide, water 
vapor, and nitrogen to produce a gas stream containing 90 to 95 
percent oxygen. On-site generation by the cryogenic air separa
tion process is generally used for oxygen requirements in excess 
of 30 tons per day, so this process is rarely used in ozonation 
sys tens { 9). ~ ' 

The gas-liquid contacting system consists of a closed tank, 
diffusers, and an ozone decomposition device. Ozone is dispersed 
in water through diffusers which release the ozone as fine 
bubbles. The bubbles are dispersed in the water in a closed tank 
so that the ozone in the gases released from the water can be 
collected and passed through the ozone decomposition device 
before release of the gases to the atmosphere or recycle of the 
gases to the ozone generator. Ozone is fairly insoluble in 
water; therefore, contacting system designs must optimize the 
tradeoff between contact tirae and ozone utilization. 

A typical ozonation facility using air to generate ozone is shown 
in figure VII-5. A typical ozonation facility using oxygen to 
generate ozone is shown in figure VII-6. The gas treating sys
tem, the ozone generating system, and the gas-liquid contacting 
systen are delineated on the diagraTis. 
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Previous Industrial Applications 

Ozone is not. currently known to be used tor biofouling control on 
a full-scale basis at any steam electric powerplant. Ozone has 
been usea on a trial basis for biofouling control at one plant 
( 1) • 

Effectiveness 

The substitution of ozone for chlorine in biofouling control 
should eliminate all total residual chlorine in the cooling 
water. Although total residual chlorine will not be present, 
other oxidant residuals, which are also toxic, will probably be 
present. 

Improved Process Control 

Three process control improvements that are options for TRC con
trol have been evaluated. These are: (1) chlorine mininization, 
(2) use of natural chlorine demand, and (3) mechanical cleaning. 
Each il'lproved process control option is discussed below. 

Chlorine Minimization 

Chlorine Minimization is defined as any modification of a current 
cooling water chlorination program that reduces, to the mininum 
possible level, the loading of total residual chlorine (TRC) 
placed on a receiving water by the once-throgh cooling water sys
tem of a steam electric powerplant. Loading is the product of 
three factors: cooling water flowrate, TRC concentration in the 
cooling water discharge, and the length of time TRC is present in 
the dischargc:i. Reduction of cooling water flow rate is not prac
tical in a once-through system; therefore, chlorine mininization 
can be accomplished by reducing ~ny of the following: 

o Dose oE chlorine added; where dose is defined as the total 
weight of chlorine added per unit volume of cooling water, 
i.e., 1 mg/l, 2 mg/l, etc.; 

o DuratLon of chlorination period; where duration is defined 
as the length of time between the start and end of a 
single period of chlorine addition; and 

o Frequency of chlorination; where frequency is defined a5 
the number of chlorination periods per day. 

In addition, combinations of dose, duration and frequency may be 
reduced simultaneously to bring about a reduction in net loading 
of TRC to the environnent. 
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Sone plants add chlorine continuously in order to control bio
fouling from barnacles or fresh water clams. Often a low dose of 
chlorine is applied continuously for control of the hard shelled 
organisms--which can close their shell and endure intermittent 
chlorination periods--and a higher dose is applied intermittently 
at some duration and frequency for the control of biological 
slimes. Thus, plants which chlorinate continuously may be able 
to apply chlorine minimization by reducing their chlorine dose-
for continuous chlorination--and reducing their dose, duration or 
frequency for intermittent chlorination. 

Description of Technology 

A chlorine minimization 
components: upgrading 
conducting a minimization 
dations of the study. 

program as described here has three 
the existing chlorination facility, 
study, and implementing the recoramen-

Upgrading Existing Chlorination Facility. An adequate chlorina
tion facility must include an equipraent module, an instruraenta
tion nodule, and a structural nodule. 

The equipment module contains the chlorine supply system. Two 
types of chlorine supply systems are used: chlorine gas systems 
and sodium hypochlorite generation systems. Sodiun hypochlorite 
systems are considerably more expensive than gas feed systems and 
have seen linited application, primarily at plants which needed 
to avoid the necessity for regular deliveries of chlorine gas 
cylinders, or at plants where safety considerations suggested the 
use of a systera not involving chlorine gas. Since the use of 
sodium hypochlorite generators is linited, the analysis does not 
consider these units further; nevertheless, the concepts of 
chlorine minimization developed for gas feed chlorination systems 
can be similarly applied to hypochlorite generation systems. 

In gas feed chlorination systems, chlorine is manufactured off
si te, compressed in steel containers, and shipped to the plant 
site as a liquid. Containers with a wide range of capacities are 
used. Cylinder capacity commonly ranges from 150 pounds to 1 ton 
of chlorine. Selection of container size is primarily a function 
of average daily chlorine consumption. Selection of the number 
of containers is primarily a function of facility design capacity 
and nethod of withdrawal (11). Generally, systems with a 
chlorine withdrawal requirenent of more than 17 pounds per hour 
per l ton container use liquid withdrawal systems. Most steara 
electric powerplants fall into this category. Some snall plants 
may use gas withdrawal systems. 

Transnission of the chlorine from the containers to the metering 
system differs for gas withdrawal and liquid withdrawal. For gas 
withdrawal, the gas passes through a filter and, in some cases, a 
pressure-reducing valve. rrhe filter removes impurities in the 

288 



in the chlorine solution line. If the vacuum falls below 25 
inches of mercury, the metering systeM will not operate properly. 
The flow of water required tg avoid these problefls can be deter
mined fron manufacturer's inJector efficiency curves. The pres
sure must b•e high enough to overcome the back pressure on the 
inJector and the pressure loss through the inJector. The back 
pressure on the inJector is the sun of the static pressure at the 
point of inJection and friction losses in the piping between the 
inJ ector and the po int of inJ ection. The pressure loss through 
the inJector can also be determined froM Manufacturer's inJector 
efficiency curves. Given the required discharge volume and pres
sure, the proper booster pump can be selected (11). 

The hypochlorous acid solution from the inJector is dispersed in 
the cooling water with a diffuser. Two basic types of diffusers 
are available. For pipelines flowing full, the diffuse rs are 
essentially pipes mounted on the cooling water conduit perpendi
cular to the flow of cooling water and discharging at the center 
of the conduJ t. For open channel flow, the diffuse rs are per
forated pipes mounted in the open channel. In steam electric 
powerplant applications, the open channel condition exists when 
the hypochlorous acid solution is added to the cooling water 
before it enters the circulating water pumps, and the full pipe
line condition exists when the hypochlorous acid solution is 
added to the cooling water before it enters the condensers (11). 

The instrumentation module consists of timers, a chlorine resi
dual analyzer/recorder, a scale, and a chlorine leak detector. 
Timers are applicable to intermittent chlorination, not to con
tinuous chlorination. The timers automatically start and stop 
the booster pump which in turn activates and deactivates the 
equipment Module. The tiners are set so that chlorination occurs 
with the frequency and duration desired. The chlorine residual 
analyzer/recorder continuously analyzes for total residual 
chlorine in the cooling water discharge and overrides the timers 
to stop the booster pump if the total residual chlorine 
concentration exceeds a predetermined level. The scale is used 
to weigh the chlorine containers in service in order to track 
consunption and to determine when containers need to be replaced. 
The chlorine leak detector monitors the air in the chlorination 
building for chlorine gas and sounds an alarm if any of the gas 
is detected (12). 

The structural module consists of a building for the equipMent 
and instrumentation nodules. The building nust be properly 
ventilated and heated. When one-ton chlorine containers are 
being used, a hoist nust be provided with the building (11). 

' 
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in the chlorine solution line. If the vacuun falls below 25 
inches of mercury, the metering system will not operate properly. 
The flow of water required to avoid these problems can be deter
mined from ~anufacturer's in]ector efficiency curves. The pres
sure must be high enough to overcome the back pressure on the 
l.nJector and the pressure loss through the inJector. The back 
pressure on the inJector is the sun of the static pressure at the 
point of inJection and friction losses in the piping between the 
inJector and the point of inJection. The pressure loss through 
the inJector can also be determined from manufacturer's l.nJector 
efficiency curves. Given the required discharge volume and pres
sure, the proper booster pump can be selected (11). 

The hypochlorous acid solution from the inJector is dispersed in 
the cooling water with a diffuser. Two basic types of diffusers 
are available. For pipelines flowing full, the diffusers are 
essentially pipes mounted on the cooling water conduit perpendi
cular to the flow of cooling water and discharging at the center 
of the conduit. For open channel flow, the di ff users are per
forated pipes mounted in the open channel. In steam electric 
powerplant applications, the open channel condition exists when 
the hypochlorous acid solution is added to the cooling water 
before it enters the circulating water pumps, and the full pipe
line condition exists when the hypochlorous acid solution is 
added to the cooling water before it enters the condensers (11). 

The instrumentation module consists of timers, a chlorine resi
dual analyzer/recorder, a scale, and a chlorine leak detector. 
Timers are applicable to intermittent chlorination, not to con
tinuous chlorination. The timers automatically start and stop 
the booster pllr.lp which in turn activates and deactivates the 
equipment module. The tiners are set so that chlorination occurs 
with the frequency and duration desired. The chlorine residual 
analyzer/recorder continuously analyzes for total residual 
chlorine in the cooling water discharge and overrides the timers 
to stop the booster pump if the total residual chlorine 
concentration exceeds a predetermined level. The scale is used 
to weigh the chlorine containers in serv;i.ce in order to track 
consumption and to determine when containers need to be replaced. 
The chlorine leak detector monitors the air in the chlorination 
building for chlorine gas and sounds an alarm if any of the gas 
is detected (12). 

The structural module consists of a building for the equipment 
and instrumentation modules. The building must be properly 
ventilated and heated. When one-ton chlorine conlainers are 
being used, a hoist must be provided with the building (11). 
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Chlorine Minimization Study. A chlorine nininization study 
cons is ts of three phases. The first phase es tat:>lishes the fol
lowing relationships: 

condenser performance and dose of chlorine added to the 
cooling water, 

condenser performance and duration of chlorination period, 
and 

- ' 
condenser performance and frequency of chlorination. 

Condenser fouling is commonly measured in terms of turbine back 
pressure. 

The second phase consists of screening trials in which the 
chlorine residual in the cooling water discharge, the duration of 
the chlorination events, and the frequency of the chlorination 
events are each reduced below the baseline level until condenser 
perfornance drops below the baseline levels. The screening 
trials define the minimun chlorine dose, duration and frequency 
levels which can maintain adequate condenser perfornance. 
Throughout all of the screening trials, the TRC level and 
frequency and duration of chlorination for one unit are nain
tained at the baseline levels for the appropriate season of the 
year in order to detect any shifts in the baselines. 

A set of screening trials is conducted for each chlorination 
parameter: dose, duration, and frequency of chlorination. The 
obJective of each set of trials is to converge on the nininum 
value for the parameter under consideration. The other two para
meters are held constant. The procedure for conducting a set of 
screening trials is shown in figure VII-9. The set of screening 
trials for TRC level are conducted first using the baseline 
levels for duration and frequency of chlorination for the appro
priate seasons of the year. After the niniraum TRC level has been 
determined, the set of screening trials for duration of chlorina
tion are conducted using the seasonally adJUSted minimum TRC 
level and the baseline level of chlorination frequency for the 
appropriate season of the year. At the completion of this set of 
trials, the set of screening trials for frequency of chlorination 
is conducted using the seasonally adJUSted minimum TRC level and 
the seasonally adJusted minimum duration of chlorination. When 
all three sets of screening trials have been completed, the 
ninimun values of TRC level, duration of chlorination, and 
frequency of chlorination are known. 

The third phase is a long-term trial of the chlorine minnuzation 
progran defined in the second phase. The ninimum chlorine dose, 
duration, and frequency are maintained and condenser perfornance 
is monitored. If perfornance is satisfactory over the long term, 
the chlorine ninimization program is instituted pernanently (13, 
14, 15). 
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Almost all of the data required to conduct the study are col
lected as part of the normal operation and maintenance procedure 
in plants with an adequate chlorination facility. The nornal 
operation and maintenance procedure for the chlorination facility 
includes da L ly logging of the chlorine scale readings, daily 
logging of timer settings, changing the chart on the chlorine 
residual anaJ yzer, and weekly checks of the analyzer using an 
amperometric titrator. The normal operation and naintenance 
procedure for the plant is assumed to include daily logging of 
cooling water flow, changing charts on the turbine back pressure 
recorder, and sampling and analysis of intake water quality. The 
only data not collected as part of nornal operation and mainte
nance procedure is a qualitative evaluation of the degree of 
biofouling in the condensers. A visual inspection of the con
denser can be conducted at the conclusion of each screening 
trial. The inspection, however, requires taking the condenser 
out of service, which is very costly in terms of lost power out
put from the plant. 

The performance data are analyzed by correlating intake water 
quality and chlorine demand, relating chlorine demand to chlorine 
dosage, and plotting turbine back pressure, TRC level, duration 
of chlorination, and frequency of chlorination versus time. The 
analyses are perforMed at different intervals for each phase of 
the study. The frequency of analysis is greatest in the second 
phase since the results of the analyses are used to operate the 
chlorination Eac1lity. 

The study procedure is applicable not only to a plant practicing 
intermittent chlorination but also to a plant practicing contin
uous chlorindtion with the addition of a parallel set of steps to 
determine the minimum dosage required to control biofouling in 
the intake structure and the pipeline. 

Implementing Study Recommendations 

The final step in the chlorine ninimization program is imple
menting the recommendations of the study. Assuming that the 
conclusions of the study are that reductions in TRC concentra
tion, duration of chlorination are possible, and frequency of 
chlorination, the four sets of seasonal niniMum values becoMe the 
permanent basis of chlorination facility operation. The same 
measurements which were made in the r:nnimization study become 
part of the data base on plant operation that is generated as 
standard operating procedure. The analysis of the data is also 
assigned to the ;>lant operating staff with the assistance of 
appropriately designed calculation sheets and graph paper. In 
essence, the chlorine minimization progran loses its identity in 
this final step as it is completely integrated into the normal 
operation of the plant. A detailed discussion of the necessary 

295 

"" 



steps in conaucting a chlorine rainimization prograra is provided 
in Appendix B. Appendix D presents the details of the analysis 
resulting in this conclusion. 

Previous Industrial Applications 

Chlorine miniITuzation has been used at a large number of steam 
electric plants. Data are available for 25 plants which have 
conducted chlorination minimization studies. Table VII-1 
presents the data collected on these plants. From this 25 plant 
study, the Agency estimates that 63% of all once-through cooling 
systems that chlorinate (equivalent to 45 percent of all 
once-through systems) can achieve the O. 20 ng/l TRC limit by 
chlorine ninimization. Appendix D of this docunent presents the 
details of the analyses. The industry estimates that 80% of 
once-through capacity that chlorinates will be able to neet a .20 
rng/l TRC limit through minimization. 

Effectiveness 

The obJective of a chlorine minimization program is to reduce the 
loading of total residual chlorine (TRC) into the receiving water 
as much as possible \ll. thou t impairing condenser perfornance. The 
~egree to which this obJective is achieved--the effectiveness of 
chlorine r:uniraization--is measurea in terms of the TRC level at 
the point of cooling water discharge and the length of time that 
chlorine is added to the cooling water per day. Data on these 
two raeasures of effectiveness were compiled from various studies 
of efforts to reduce the quantity of chlorine discharged at oper
ating powerplants. Very little data from efforts to reduce the 
length of time that chlorine is added to the cooling water were 
found. It should be noted, however, that the current time limi
tation was not exceeded in any of the studies. An adequate 
amount of data from efforts to reduce TRC level was found; 
therefore, an assessnent of the effectiveness of chlorine 
minimization was conducted by analyzing data on TRC levels only. 

The TRC data which were extracted from the chlorine minimization 
and reduction studies were presented in table VII-1. Twenty-five 
plants, all with once-through cooling water systems, are repre
sented. Nine out of the 25 plants shown in table VII-1 were able 
to maintain adequate biofouling control at plant discharge levels 
of 0.1 mg/l or less. Six additional plants were able to achieve 
TRC discharge levels of 0.2 ng/l or lower. 

A statistical evaluation of the effectiveness of chlorine mini
mization at three r1ich1gan powerplants is presented in Appendix 
c. On the average, the three plants were able to reduce their 
effluent TRC concentrations by 40 percent through the use of a 
chlorine Minimization progran. 
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Table VII-1 

SUMMARY OF CHLORmE /UNIMI.IATIOH STUDIES AT POWER PLANTS 
USING ONCE-THROUGH COOLING SYS'rEMS 

>!ant Number 
Junber of Units 

1 

2 

3 

4 

5 

6 

7 

B 

9 

10 

11 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

1 

1 

Multiple 

1 

1 

1 

l 

1 

llultiple 

l 

1 

1 

1 

l!ultiple 

NA 

NA 

NA 

NA 

W\ 

NA 

NA 

HA 

NA 

NA 

NA 

Chlorine Dosage/Concentration* 
(mg/l) 

Condenser Discharge 
Dose Outlet Point 

3 

7 (nax) 

NA 

NA 

NA 2 FAC (Max) 

NA <0, l 'rRC 

0 6 NA 

2 B (max) 0 B-1 FAC 

NA 0 3-0 5 TRC 

0 0 

NA NA 

NA 

3.5 

0 6-1 

0 5 

3 1 

NA 

NA 

NA 

NA 

llA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0,1-0.2 FAC 

NA 

tlA 

NA 

NA 

NA 

0.5 TRC 

1 0 TRC 

1 5 TRC 

1 0 TRC 

0 2 TRC 

NA 

NA 

NA 

NA 

<O. l TRC 

0 2-0.9 TRC 

<DL 

<O,l TRC 

<O.l TRC 

<O.l TRC 

0 1 TRC 

0 

0 1 FAC 

0.1 FAC 

<O.l TRC 

0 1-0 2 FAC 

<O 1 TRC 

0 2-0 8 TRC 

0-0 2 TRC 

0-0 2 TRC 

NA 

NA 

NA 

NA 

NA 

>O 4 TRC 

>O 2 TRC 

>O 2 TRC 

0 2 TRC 

•cDL - Less than detection limit 
FAC - rree Available Chlorine 
'I'HC - Total Re&iciua 1 Chlorine 

NA - !lot Available 

Point 
of Water 
Dilution 

Condenser 

Condenser 

Quality of 
Cooling Water 

Seawater 

Low TDS 

Unit Low TDS 

None Brackish 

Condenser + Unit Seawater 

Condenser + Unit Seawater 

Condenser Seawater 

None Low 'rDS 

Conden&er + Unit <500 ppm TDS 

None <500 ppm TDS 
I 

Condenser + Unit Low TDS 

None Low TDS 

Condenser Brackish 

Unit NA 

NA NA 

NA NA 

NA 

NA 

NA 

NA 

NA 

NA 

tlA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Reprinted from Costs of Chlorine Discharge Control Options For Once-Through Cooling 
~ystems At Steam Electric Power Plants Draft by Radian Corporation for Effluent 
Guidelines Division, U.S. Environmental Protection Agency, October 1981 

Bio fouling 
Problems 

Yes 

No 

No 

No 

Yes 

No 

No 

No 

No 

Yes 

No 

No 

Ye& 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

!Jo 

No 

References 

16 t l 7 

16 t l 7 

16 t l 7 

16 t l 7 

16 t l 7 

16 t l 7 

16 t l 7 

16 t 1 7 

16 t l 7 

16 t l 7 

16 t l 7 

16 t 1 7 

16 t 1 7 

18 

19 

20 

20 

20 

13 

21 

22 

22 

23 

24 

24 



A chlorine minimization program requires close raonitoring by the 
operating staff of a steam electric powerplant to insure that 
several probleMs do not arise. First, the likelihood of severe 
condenser biofouling is increased. If this biofouling does 
occur, the condenser has to be treated with very high dosages of 
chlorine or be taken out of service for manual cleaning. Severe 
biofouling is more likely because there is no measure of con
denser performance that unambiguously reflects the formation of 
biof ilm on condenser tubes. The measure of condenser performance 
selected for the recommended minimization program, turbine back 
pressure, is affected by factors other than bi of ilM fort"la ti on, 
principally, debris blocking the condenser tubes. The other 
measures of condenser performance, heat transfer efficiency and 
pressure drop across the condenser, are similarly affected and 
require more data to calculate (15). Second, the units on which 
screening trials are being conducted for the minimization study 
have to be shutdown for visual inspection of the condenser tubes 
at the end of each screening trial. The shutdowns reduce the 
power output of the plant and require more operator time for the 
shutdown and startup procedures. Unfortunately, no other method 
of evaluating turbine back pressure readings is available ( 15). 
Sor:te of the inspections may be required at times when the units 
are shutdown for other reasons, thus minimizing the impact of the 
inspections. Third, the total residual chlorine measureraents may 
be in error when the cooling water is drawn from an estuary. 
Errors to the high side could cause premature shutdown of the 
chlorination facility and thus increase the potential for severe 
biofouling of the condensers. Errors to the low side could 
create toxic conditions in the receiving stream as a result of 
the chlorination facility not shutting down when a predetermined 
level of TRC is exceeded. 

The potential operating problems which have been Mentioned should 
be known to the operators of a plant before a chlorine minimiza
tion program is begun so that the operators can deal with the 
problems as effectively as possible. 

Natural Chlorine Demand 

Description of Technology 

In a once-through plant, this technology essentially consists of 
placing the point of chlorine inJection directly into or near the 
condenser inlet box. In an existing plant, this often involves 
moving the current pol nts of inJection from the suction (low 
pressure) side of the cooling water pumps to the new location 
near the condenser inlet box (where the water is at high pres
sure). In a new plant, the chlorination system can be designed 
to feed into or near the condenser inlet box. 
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Feeding the chlorine into or near the condenser inlet box may 
offer any of three distinct advantages depending on plant design. 
First, less reaction time with the natural chlorine denand of the 
cooling water will be available before the cooling water reaches 
the condenser tubes where biofouling control is required. This is 
because the residence time between the traditional point of 
chlorine inJection (the suction side of the cooling water pumps) 
and the new point of chlorine inJection (into or near the inlet 
condenser bo:<) has been ell!mina ted. A shorter residence time 
means less of the free chlorine will react with ammonia, to form 
chloramines of low biocidal activity, and less of the free 
chlorine will react with other chlorine demand conpounds, to form 
compounds containing no residual chlorine and having little or no 
biocidal activity. Since less of the free chlorine is being lost 
to chlorine denand reactions before reaching the condenser tubes, 
a lower dose of chlorine will be required to achieve the same 
concentration of free available chlorine in the condenser tubes. 
Thus, moving the point of chlorine inJection may allow a reduc
tion in the 'chlorine dose required to maintain adequate biofoul
ing control. For this reason, some reports have referred to 
noving the points of inJection as a chlorine minimization 
technique. The definition of chlorine minimization contained in 
this document does not include moving the points of in]ection. 

The second MaJOr advantage of locating the points of inJection at 
or near the condenser inlet box is that chlorination can then be 
done sequent I ally~ each condenser or condenser half is chlori
nated by itself, one at a time. The effect of chlorinating 
sequentially, is to provide non-chlorinated water for dilution of 
the chlorinated water stream. Figure VII-10 illustrates a hypo
thetical powerplant cooling water system; the points of chlorine 
in]ection (before and after the movement of the points) are 
shown. In this example, there are two condensers, each is split 
into two separate halves. If the cooling water flow rate through 
each of the condenser halves is equal, then only one quarter of 
the cooling water flow will be chlorinated at any one tine; three 
quarters of the flow is available for dilution. From simple 
dilution then, the concentration of residual chlorine in the 
final discharge effluent will only be one quarter of the concen
tration present in the exit line from the chlorinated condenser 
half. -

The third mdJOr advantage of locating the points of chlorine 
in]ection at or near the condenser inlet box is that the unchlo
rinated water being used for dilution will also bring about some 
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dechlorination due to the presence of natural chlorine demand 
compounds in the unchlorinated water. The extent to which 
dechlorination rer10ves the remaining free chlorine (after dilu
tion) is a function of the quality of the cooling water and the 
residence time in the cooling water discharge conduit. Any 
chloramines formed by reaction of chlorine with ammonia will not 
be decomposed by any of the natural chlorine demand compounds so 
some residual chlorine will still be present in the final 
effluent. 

In summary, the application of dechlorination by natural chlorine 
demand in once-through cooling water systems by moving the points 
of chlorine i.nJection, offers three potential advantages: 

1. Less natural dechlorination before the condenser. 

2. More unchlorinated water available for dilution. 

3. Some natural dechlorination after the cooling water 
exits the condenser outlet box. 

Previous Industrial Applications 

Increased usage of natural chlorine demand has been used as an 
effective TRC control technique in many steam electric plants. 
No specific data on the number of plants using natural chlorine 
demand are available. 

Effectiveness 

The effectiveness of dechlorination by natural chlorine demand is 
extremely site specific. For once-through plants, three factors 
will tend to increase the effectiveness: 

1. The longer the residence time between the present points 
of chlorine addi ti.on and the new points of addi ti.on, the more 
reaction time will be eliminated by moving the points~ thus, the 
larger a reduction in chlorine loss to pre-condenser demand 
reactions. 

2. The larger the number of condensers and the larger the 
plant megawatt capacity, the More unchlori.na ted water will be 
available for dilution, provided all the condenser exit streams 
are combined before final discharge. 

3. The higher the chlorine demand (except ammonia) of the 
raw cooling water, the more dechlorination will occur upon 
combination of the chlorinated condenser exit streaM with the 
unchlor1nated streams. 

1 
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Reliability 

One potential operating problem is immediately apparent when 
considering dechlorination by natural chlorine demand. In 
once-through cooling systems, there may be a need for biofouling 
control in the inlet cooling water tunnel. If the points of 
chlorine inJection are moved from the entrance to the cooling 
water tunnel to the condenser inlet box, there r11ay be a probleJTl 
with biofouling in the inlet cooling water tunnels. 

Mechanical Cleaning 

Technology Description 

Mechanical means of cooling systeM cleaning can be used in place 
of chemical antifoulants. The most obvious method is Manual 
cleaning which requires long plant downtime. Two types of auto
matic mechanical condenser cleaning systems, which can be used 
during normal plant operations, are the Amertap and American 
M.A.N. systems. Diagrams showing the maJor components of each of 
these systems are presented in figures VII-11 and V] I-12. The 
Amertap system is the most coJTlmon type of automatic mechanical 
cleaning system. By circulating oversize sponge rubber balls 
through the condenser tubes with the cooling water, the inside of 
the condenser tubes are wiped. The balls are collected in the 
discharge water box by screens and repumped to the inlet of the 
condenser for another pass through the system. They can be used 
on an intermittent or continuous basis. The American M.A.N. 
systen uses flow drive brushes which are passed through the con
denser tubes intermittently by reversing the flow of condenser 
cooling water. The brushes abrasively reMove fouling and corro
sion products. Between cleaning cycles, the brushes are held in 
baskets attached at both ends of each tube in the condenser. 

Previous Industrial Applications 

Mechanical cleaning has been widely used in the steam electric 
industry and in other industries using condensers of similar 
size. Specific data on the number and location of plants using 
mechanical cleaning have not been collected. 

Effectiveness 

Mechanical cleaning is not always effective in the reduction of 
TRC discharges. It flay be necessary, periodically, to chlorinate 
the cooling water in addition to the Mechanical cleaning. At 
these times the TRC concentration in the discharge water will 
increase. 

The Amertap and, to a lesser extent, 
have been reasonably successful 
efficiency and reliability. Some 
grooving of condenser tubes, and, 
themselves become fouled and must be 
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End of Pipe Treatment 

Introduction 

End of ptpe treatment technologies, tor the purpose of this 
report, have been defined as techniques for the reduction or 
elir.nnation of TRC in once-through cooling \later after it leaves 
the condenser. Technologies which have been evaluated include: 

Dechlorination, 
Vapor conpression distillation, 
Evaporation ponds, and 
Complete recirculation. 

All technologies other than dechlorination were eliminated from 
further consideration for various reasons, including: 

The technology was not believed to be applicable to a 
large population of plants; 

The tE•chnology was Judged to be too complex to be 
reliably operated and maintained at a stean electric 
plant; or 

No data was available to establish the effectiveness of 
the te•C'hnology in use at stearl electric pm1erplants or 
in simJlar biofouling control applications. 

Dechlorination 

Dechlorination 
to the cooling 
toxic chenical. 
this purpose. 
for use in the 

is the process of adding a chel'lical-reducing agent 
water which reduces chlorine to chloride, a non

There are numerous reducing agents available for 
Only a few have shown themselves to be practical 

water and wastewater treatment industry (26): 

1. Sulfur Dioxide (S02) 

2. Salts Containing Oxidizable Sulfur 

a. Sodium Sulfite (Na2S03) 
b. Sodiun Metabisulfite (Na2S205) 
c. Sodium Thiosulfate (Na2S203) 

3. Ferrous Sulfate (FeS04) 

4. Ammonia (NH3) 

5. Activated Carbon (C) 
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The use of ferrous sulfate, ammonia, activated carbon, or hydro
gen peroxide for dechlorination at powerplants has been evaluated 
and found to be technically or economically infeasible (26). Any 
dechlorination systems in which these chemicals are used were, 
therefore, not given further consideration. 

Dechlorination via Sulfur Dioxide 

Description of Technology 

The most common form of dechlorination as practiced in the water 
and wastewater treatment industry is inJection of sulfur dioxide 
( S02) ( 11). When inJ ected into water, sulfur dioxide reacts 
instantaneously to forn sulfurous acid (H2S03): 

( 5) 

The sulfurous acid, in turn, reacts instantaneously with hypo
chlorous acid (HOC!): 

( 6) 

Monochloramine also reacts with sulfurous acid: 

( 7) 

Both dichloramine and nitrogen trichloride are also reduced by 
sulfur dio..<ide in similar reactions. The reaction of sulfur 
dioxide with hypochlorous acid (HOC!) is virtually instantaneous. 
Reactions with monochloramine and the other coP'l.bined forP'l.s 
proceed slightly more slowly ( 27). 

The equipP1.ent required for dechlorination by sulfur dioxide 
injection is shown in f1gure VII-13. As indicated in the figure, 
a complete systen includes the following pieces of equipnent: 

S02 storage containers, 
expansion chamber-rupture disk, 
SOz evaporator, 
S02 gas regulator, 
sulfonator, 
e]ector, 
e]ector punp, 
building for systen housing, and 
required timers and control system. 

The equipP1.ent required for dechlorination by sulfur dioxide 
inJection is identical to the equipment requJ,red for chlorina
tion, and the description of chlorination equipment is also 
applicable to the sulfur dioxide dechlorination systen. Equip
Ment manufacturers sell the same equipment for both chlorination 
and sulfur dioxide dechlorination applications. The capacities 
of the equipment are different in each application due to dif
ferences in the properties of the two gases. 

306 



w 
0 ....., 

Strainer 

rO 
+ 
Intake 
Water 

Source 

Sulfonator 

Ejector Water 

Ejector 
Pump Dilution Water 

Ven tr-~--~...-~--~.--. 

i ... I.. u1 'u~ 
Gas Regulator 

m 

Chamber
Rupture 
Disk 

1.lectric 

Evaporator 

Evaporator 
Makeup Water 

To iidditlonal 
Discharge Conduit• 

Aa Required 

FIGURE VII - 13 

;: . 
! 
' 

Diffusers 

so 
Containers 

Discharge Conduit 
Structure 

FLOW DIAGRAM FOR DECHLORINA'rION BY SULFUR DIOXIDE (S02) INJECTION 



Also shown in figure VII-13 is a typical diffuser assembly 
installation in a discharge conduit. The number of diffuser 
installations and the pipe run required to each of the diffusers 
can vary significantly from plant to plant. If the water in the 
discharge conduit is in turbulent flow, mi.ung of the inJected 
solution should be complete in approxinately ten discharge con
duit diameters. In some plants, this length of pipe may not be 
available between the point at which sulfur dioxide can be 
inJected and the point at which the effluent cooling water enters 
the receiving source. Adequate mixing can be provided in even 
these cases by the proper placenent and use of multiple inJectors 
which are commercially available ( 28), i,nducement of turbulent 
flow in the final discharge pipe, or extending the length of the 
final discharge pipe. 

As stated earlier, the number of diffusers required and the 
length of the pipe runs to each diffuser vary significantly from 
plant to plant. Proper diffuser placement is essential for com
plete dechlorination. In order to provide adequate time for 
mixing and reaction of the S02 with the residual chlorine, it 
is desirable to locate the diffuser assemb,ly as far upstrean from 
the point of final cooling water discharge as possible. However, 
no biological fouling control can be expected downstream of the 
diffuser assenbly so in cases where biofouling control is 
required in the discharge conduit (due to presence of nollusks, 
asiatic clams, etc.), the diffuser should be located as close to 
the point of final discharge as possible. In theory, these two 
opposing constraints are balanced in determining the location of 
the diffuser assembly. In reality, the location of the diffuser 
assembly is often fixed by the location of the existing access 
points in the discharge conduit. Installing the diffuser 
assembly in an already existing access point (stop log guides, 
gate shafts) is far less expensive than installing the diffuser 
assembly by creating a new access point. 

Another reason to dechlorinate as far upstream as possible is to 
minimize the contact time of chlorine with organic matter in the 
cooling water. Although the kinetics of the fornation of 
chlorinated organics has not been completely defined, it is 
likely that reducing the chlorine-hydrocarbon contact time will 
reduce any likelihood of forming chlorinated organics. 

Previous Industrial Applications 

Sulfur dioxide has been used by municipal water and wastewater 
treatment plants since 1926 (28). Sulfur dioxide dechlorination 
systems have also been installed or are currently being installed 
in several United States steam electric plants. 
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A survey by EPA of the steam electric industry was conducted to 
identify plants with S02 dechlorination experience. This 
survey and its results were _corroborated by ind"ustry submi ttals 
and a survey conducted by TVA. The identified facilities are 
listed in table VII-2. As indicated in table VII-2, two of the 
six identified plants, codes numbers 0611 and 0502, are operating 
and have effJ uent data upon which to Judge the performance of 
S02 dechlorination technology. 

Plant 0611 1::urrently operates a full-scale S02 dechlorination 
system on a once-through seawater cooling unit. This system is 
operated manually and is successful in removing total residual 
chlorine from the condenser cooling water discha,rge. This was 
corroborated,by industry-submitted information and the results of 
the TVA survey. 

Plant 0502 has a 500 mw once-through cooling unit which has an 
502 declorination system. This system is nanually operated 
and was installed in 1970. The system is reported to operate 
very success Eully with minimum problems. No data were provided 
concerning compliance with the plant's 0.20 mg/l TRC limit, 
although the characterization of the treatment technique as 
successful suggests that the plant is meeting a O. 20 mg/l TRC 
limitation. This plant reportedly ITleets the limitation on a 
consistent basis. 

Effectiveness 

Municipal treatment plants using sulfur dioxide dechlorination 
have been abJe to consistently reduce effluent TRC concentrations 
to the limit of detection (0.02 mg/l TRC). One reason for this 
is that a sewage treatment plant is generally dealing with a much 
lower water flow rate than stean electric plants. This allows a 
dechlorination contact basin to be used and adequate contact time 
is insured. 

At Plant 0611, an involved study was done to determine the 
effectiveness of dechlorination by sulfur dioxide inJection (29). 
This plant has a once-through cooling system using salt water. 
Sal"lples were collected from three streams in the plant: the 
chlorinated condenser outlet, the unchlorinated condenser outlet 
and the dechlorinated effluent fron the S02 dechlorination 
system. The <lata are presented in tables VII-3, VII-4 and VII-5. 
In all cases, the total oxidant residual (TOR) in the dechlori
nated effluent was below the limit of detection of 0.02 mg/l. 
TOR, as compared to total residual chlorine (TRC), measures all 
free oxidants because the bromine in salt water reacts upon 
chlorination to form bromine residuals which are also active 
oxidizing compounds. AMperometric titration does not distinguish 
between chlo~ine and bromine residuals. 
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Table VII-2 

SULFUR DIOXIDE DECHLORINATION SYSTEMS IN use OR 
UNDER CONSTRUCTION AT U.S. STEAM ELECTRIC PLANTS (1) 

Plant Code 

Plant 2702 

Plant 0611 

Plant 0604 

Plant 0502 

Discharge 
Type 

Once-through 

Once-through 

Once-through 

Once-through 

NP DES 
Limits (mg/l) 

0.2 

0.02 

0.02 

0.2 

310 

Status 

New system; 
dechlorination 
being used on 
one unit; no 
data available. 

Has been suc
cessful in re
mov i.ng TRC from 
the condenser 
cooling water to 
meet 0. 2 mg/l 

New systera; no 
data available 

System has 
operated very 
successfully 
with minimal 
problems since 
1975 



Table VII-3 

CHLORINA":;:'ED CONDENSER OUTLET FIELD DATA 
FRO~ PLAUT 0611 (29) 

Chlorine 
Te est Dose* TOR pH D.O. 
No. (m9/l) (n9/l) (m9/l) 

l 0.85 0.052 7.4 3.9 

2 0.82 0.027 7.5 3.7 

3 0.85 0.09J 7.4 4.9 

4 0.83 0.200 7.1 4.7 

5 0.72 0.269 7.4 5.4 

6 0.33 0.178 7.3 5.0 

7 0.81 0.122 7.4 5.3 

8 0.81 0.168 7.4 5.5 

9 0.30 0.213 7.4 5.4 

10 0.00 0.217 7.4 5.4 

11 0.80 0.206 7.3 5.4 

12 0.31 0.225 7.6 7.0 

13 0.87 0.243 7.3 5.4 

14 0.87 0.265 7.6 s.s 
15 0. 87 0.315 7.5 5.1 

16 0.87 0.281 7.6 5.2 

17 0. 83 0.320 7.6 4.8 

18 0.89 0.339 7.4 5.1 

19 o.0a 0.331 7.0 s.o 

20 a.as 0.277 7.6 5.3 

21 0.85 0.289 7.6 5.4 

22 0.82 0.259 7.5 s.o 

23 0.85 0.304 7.6 s.o 

24 0.42 0.140 7.7 5.3 

25 0.85 0.306 7.7 5.4 

26 0.81 0.270 7.7 s.o 

27 0.81 0.256 7.7 5.4 

20 0.33 0.322 7.7 5.2 

*Calculated based on chlorine and cooling water flow rates. 
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Table VII-4 

UNCHLORINATED CONDENSER OUTLET FIELD DATA 
FROM PLANT 0611 (29) 

I 
I 

Test TOR pH D.O. 
No. (mg/l) (ng/l) 

1 <0.03 7.6 3.5 

2 <0.03 7.3 3.4 

3 <0.03 7.5 5.2 

4 <0.03 7.4 5.4 

5 <0.03 7.2 5.5 

6 <0.03 7.4 5.6 

7 <0.03 7.4 5.3 

8 <0.03 7.4 5.9 

9 <0.03 7.4 5.9 

10 <0.03 7.4 5.7 

11 <0.03 7.4 6.0 

12 <0.03 7.0 5.8 

13 <0.03 7.4 5.3 

14 <0.03 7.5 5.4 

15 <0.03 7.5 5.4 

16 <0.03 7.7 5.3 

17 <0.03 7.7 5.7 

18 <0.03 7.4 5.5 

19 <0.03 7.7 5.5 

20 <0.03 7.7 5.5 

21 <0.03 7.6 5.8 

22 <0.03 7.6 5.4 

23 <0.03 7.7 5.7 

24 <0.03 7.7 5.5 

25 <0.03 7.7 5.6 

26 <0.03 7.6 5.4 

27 <0.03 7.7 5.8 

213 <0.03 7.7 5.8 
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Test 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

23 

Table VII-5 

DECHLORINATED EFFLUENT DATA FIELD DATA 
FOR PLANT 0611 (29) 

TOR pH D.O. 
(mg/l) (m9/l) 

<0.03 7.4 3.7 

<0.03 7.6 3.9 

<0.03 7.4 4.7 

<0.03 7.4 5.3 

<0.03 7.4 5.2 

<0.03 7.3 4.8 

<0.03 7.4 5.3 

<0.03 7.4 5.5 

<0.03 7.4 5.1 

<0.03 7.4 5.4 

<0.03 7.4 5.0 

<0.03 7.4 5.4 

<0.03 7.3 s.s 
<0.03 7.4 4.9 
<0.03 7.5 5.1 

<0.03 7.6 5.1 

<0.03 7.6 5.4 

<0.03 7.4 5.5 

<0.03 7.7 5.4 

<0.03 7.7 5.6 

<0.03 7.6 5.5 

<0.03 7.4 5.2 

<0.03 7.7 5.4 

<0.03 7.6 5.4 

<0.03 7.7 5.6 

<0.03 7.6 5.4 

<0.03 7.7 4.9 

<0.03 7.7 5.6 
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The sampling program conducted at Plant 0611 also included 
analysis of sai'l.ples for trihalomethanes. Samples were collected 
from the same three streams as the TOR samples: the chlorinated 
condenser outlet, the unchlorinated condenser outlet, and the 
dechlorinated final effluent. The data indicate that chlorina
tion of a once-through brackish cooling water did result in 
statistically significant increases in total trihalomethane (THM) 
concentration. The data also indicated that the dechlorinated 
effluents contained significantly smaller concentrations of THM's 
than the non-dechlorinated samples. no mechanism for the de
composi ti.on of trihalomethanes by dechlorination is known to 
exist; the lower THM concentrations in the dechlorinated sanples 
were attributed to sarapl ing error. Thus, dechlorination is not 
expected to have a significant effect on the THM concentrations 
found in once-through cooling water effluent. 

I 

In summary, the available data indicate that state-of-the-art 
S02 dechlorination systems in municipal wastewater treatnent 
plants can bring effluent TRC concentrations down to the detec
tion limit (approximately 0.03 mg/l). Similarly, experience in 
steam electric power plants, notably at Plant 0611, shows that 
existing limitations as low as 0.02 mg/l (i.e., not detectable) 
are being achieved with so2 dechlorination. 

Reliability 

The amount of S02 required to dechlorinate a given cooling 
water will vary from plant to plant. A stoichiometric analysis 
of the sulfur dioxide-chlorine residual reveals that o. 9 milli
grams of sulfur dioxide are required to remove 1.0 illl.lligrams of 
residual chlorine (11). Actual operating experience at one 
sewage treatment plant suggests that a sulfur dioxide dose rate 
of 1.1 milligrams of sulfur dioxide per milligram of total 
residual chlorine will result in proper system performance (27). 
As was discussed earlier, the concentration of total residual 
chlorine in the cooling water effluent will depend on the 
chlorine dose added and the chlorine deMand of the influent 
water. A high quality influent cooling water will require a 
relatively sMall dose of chlorine to provide the approximately 
O. 5 mg/l of free available chlorine (FAC) that is required to 
control biofouling in the condenser. Since a SI'lall dose of 
chlorine was added to the cooling water to begin with, a small 
dose of sulfur dioxide will be required for dechlorination. 

On the other hand, when a poor quality influent cooling water is 
used (e.g., high ammonia concentration), a large chlorine dose 
will be required to achieve the necessary araount of free residual 
chlorine. This large chlorine dose nay result in a high total 
residual chlorine concen tra ti on which, in turn, would require a 
large dose of sulfur dioxide to remove the chlorine residual. 
While such situations may require higher dosages of dechlori
nation chemicals, there is no evidence to suggest that it is 
either technically or econoraically infeasible to achieve a TRC 
limitation of 0.20 mg/l. 
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In sunMary, high quality influent water will require snall 
chlorine doses and, in turn, small sulfur dioxide dosages. Low 
quality, high ammonia influent cooling water is likely to require 
a high chlor1ne dose and, therefore, a high sulfur dioxide dose. 

There are several potential operating problens with sulfur 
dioxide dechlorination systems. First, since the vapor pressure 
of sulfur dioxide is lower than chlorine at the sane temperature, 
the sulfur dioxide has a tendency to recondense in the feed lines 
between the evaporator and the sulfonator. This problem can be 
controlled by installing continuous strip electric heaters along 
the feed line piping. 

A second potential problem is pH shift in the effluent. The end 
products of the reaction of sulfur dioxide with hypochlorous acid 
are sulfuric acid and hydrochloric acid. Both these conpounds 
tend to lower the pH of the effluent water. Since the total dose 
of sulfur dLoxide is, in most cases, quite snall and since the 
water usually has some natural buffering capabilty, the pH shift 
is usually not significant. A statistical analysis of the pH 
data collected from each of the three streams at Plant 0611 
(tables VII-3, VII-4, and VII-5) did not indicate that so2 
dechlorination was causing any statistically significant change 
in pH. 

Dechlorination may also present the potential problem of 
increased salinity in the effluent from the addition of 
dechlorination chemicals such as sulfur dioxide. One study 
pointed out that the concentration of acids produced from 
dechlorination of cooling water are on the order of lQ-6 
g-mole/l.* Moreover, no information is available to suggest that 
such increases in salinity have or would cause adverse 
environmental effects. 

Excess sulfur dioxide may also react with dissolved oxygen (DO) 
present in 1:he effluent cooling water. This could present a 
problem since dissolved oxygen Must be present in water in 
concentrations of at least 4 mg/l to support many kinds of fish. 
However, Sulfur dioxide dechlorination has been practiced at 
wastewater t-ceatment plants for many years and dissolved oxygen 
depletion has not been a problem at plants where proper sulfur 
dioxide dosage control has been practiced. The data collected 
for dissolved oxygen levels at Plant 0611 (tables VII-3, VII-4, 
and VII-5) do not indicate that any significant depletion of 

*Whitaker and Tan, WPCF, Feb. 1980. 
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dissolved oxygen is occurring due to S02 dechlorination. No 
other sources of information demonstrate adverse effects due to 
reduction in DO levels in cooling water discharges. 

In summary, some operational problems can and do occur with 
sulfur dioxide dechlorination systems. However, based upon the 
information collected and made available to the Agency, with 
proper equipment maintenance and good process control, sulfur 
dioxide dechlorination offers an effective nethod of essentially 
eliminating the discharge of residual chlorine from power plant 
effluents without causing demonstrable adverse environnental 
effects. 

Dechlorination via Dry Chemical Systems 

Several sodium salts of sulfur can be used in dechlorination. 
These compounds are all purchased in bulk voluMes as dry chenical 
solids. They will, therefore, be referred to hereafter by the 
generic term "dry chemicals." 

Description of Technology 

One of the dry chemicals coMmonly used in dechlorination is 
sodium sulfite (Na2S03}. Sodiura sulfite reacts with 
hypochlorous acid as shown in equation 8. 

( 8} 

The stoichioMetry of this reaction is such that 1. 775 grams of 
sodium sulfite are required to remove 1.0 gram of residual 
chlorine. Sodiun sulfite will also react with the chloramines. 

A second dry chemical useful in dechlorination is 
metabisulfi te (Na2S20s} which dissociates in water 
sodiuM bisulfite as shown in equation 9. 

2NaHS03 ( 9} 

sodium 
into 

The sodium bisulf i te then reacts with the hypochlorious acid as 
shown in equation 10. 

NaHS03 + HOCl NaHS04 + HCl (10) 

Stoichiometrically, 1. 34 grams of sodium netabisulfi te are 
required to reMove 1. 0 grams of residual chlorine. Sodium 
rnetabisulf i te reduces chloramines through a similar sequence of 
reactions. 

The third connonly used 
thiosulfate (Na2S203}. 
shown in equation 11. 

dechlorination dry chemical is sodiuM 
It reacts with hypochlorous acid as 

2NaHS04 + 4HC1 (11) 
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The stoichioMetric reaction qitio is 0.56 grams of sodium thio
sulfate per gram of residual chlorine. Sodium thiosulfate will 
also reduce C'hloramines. White ( 11) does not recoP11nend the use 
of sodiu!'l thiosulfate for dechlorination because it reacts 
through a set ies of steps and requires significantly more reac
tion t11ne than the other dry chemicals. Sodium thiosulfate, 
however has been used at full-scale steam electric plants so it 
will be discussed here. 

The equipment required for dechlorination by dry chemical inJec
tion is shown in figure VII-14. As indicated in the figure, a 
complete systeM includes the following pieces of equipment (16): 

loading hopper and dust collector unit, 
exten•:non storage hopper, 
volumetric feeder, 
solutLon makeup tank and mixer, 
meterLng pump, 
pressure relief valve, and 
required timers and control system. 

Also shown in figure VII-14 is a typical diffuser assembly 
installation Ln a discharge conduit. 

The chemicals are typically received and stored in 100-pound 
bags. When necessary, bags are opened and Manually dumped into a 
loading hopper dust collector unit. An extension storage hopper 
is provided so that bags of chemical need only be loaded on a 
periodic bas Ls. A volumetric feeder then adds the chemical at a 
preselected rate into a solution xnixing tank. The cher:ucal is 
mixed with water to form a solution which is then pumped by a 
metering puMp to the required points of inJection. If the water 
in the discharge conduit is in turbulent flow, mixing of the 
inJected solution should be complete in approximately 10 dis
charge conduit diameters. The dechlorination reaction is 
generally ve•ry rapid but the rate can vary significantly 
depending on which dry chemical is used. All of the points made 
earlier about the location of the point of sulfur dioxide inJec
tion apply to the point of dry cheMical inJection. The saMe is 
true for the relationship between influent water quality and the 
required dose of dechlorination chemical. 

Previous Industrial Applications 

Dry chemical inJection systems have been or are currently being 
installed at a number of United States steam electric plants. A 
list of these facilities is shown in table VII-6. 

Industrial 
presented 
section. 

experience using dry chemical dechlorination was 
with the sulfur dioxide experience earlier in this 
In its comments, the industry indicated that the dry 
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Loading llopper and 
~ Dust Collector 

D~ LJ Hopper 

_ ____..- Volumetric 
.,,- Feeder 

~~~ 
Dry Cheialcal Stored 
On-alto in 100 lb. bas•· 
llanually loaded into 
hopper. 

Control 
S a em 

Hetering 
Pump 

Pressure 
Relief 
Valve 

• 

(Solution Hakeup Tank and Mixer 

To additional 
Diacharge Conduits 

All Required 

Figure VII-14 

lllffuaera Structure 

FLOW DIAGRAM FOR DECHLORINATION BY DRY CHEMICAL INJECTION 



Table VII-6 

DRY CHEMICAL IECHIDRINATION SYSTEMS IN USr:: OR 
UNDER CONSTHUcrION AT U.S. STF.AM ELECI'RIC PLANTS (1) 

TRC 
Discharge I:Echlorination NPDES 

Plant Code Type Chenical Limits -

2601 C:hce-throogh Sodiura sulfite 0.2 

2603 C:hce-throogh Sodium sulfite 0.2 

2607 CXlce-through Sodl.Lir'l 0.2 
thiosulfate 

2608 Chee-through Sodium 0.2 
thiosulfate 

2619 Chee-through Sodil.U!l sulfite o. 04-';'l* 
0.2-S* 

5513 Cnce-through Soditnn bisulf ite 0.2 

4107 Cnce-through SodiLir'l bisulfite 0.1** 

0502 Chee-through Sodiura sulfite 0.2 

*W-\1inter - intake water less than 70°F. 
S-surrmer - intake water greater than 70°F. 

**non-detectable concentration. 
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Status 

Currently shut dONn 

Currently shut dONn 

Currently shut dONn 

Currently shut do:m 

Manual system; not 
yet started up 

Operating since 1977 

Operating since 1976; 
operating problens 
still exist. 

Operating since 1970; 
Systems have operated 
very successfully with 
ninll'lal problertS. 



chemical system at plant 2603 did not work. They concluded that 
mechanically the system at plant 2603 is a superior system to 
those at plants 2607 and 2608 and theoretically should work. 

Information is available on facilities from the east, midwest and 
west utilizing dry chemJcal dechlorination systeI'ls. All of these 
facilities are reportedly meeting the TRC limits in their dis
charge permits. 

Effectiveness 

Three of the plants listed in Table VII-6 were selected for a 
detailed statistical analysis of their effluent TRC levels over a 
period of two years. They were the only plants with sufficient 
data available to conduct a statistical analysis of effluent 
levels for developing effluent limitations. These were identi
fied by an EPA survey and corroborated by industry sub~ittals and 
a similar survey conducted by TVA. Data on the operational 
practices applied at these three plants is provided in Table 
VII-7. During the two year study period, two chlorination 
programs were in effect, as follows: 

Chlorine Minimization - 1/77 through 10/77 
Dechlorination,- 11/77 through 12/78 

Plants 2603, 2607 and 2608 are discussed in detail in the 
following section. No information is available on Plant 2601, 
which is nm1 shut down. 

Plant 2619 has operated a dry chemical dechlorination system for 
two years and indicated plans to switch to an S02 system. The 
plant indicated many exceedences of a O. 20 ng/l TRC level in 
1930. However, by 1981 the plant was per forming significantly 
better with very few exceedences, characterized by equipMent 
malfunction, abnormal operating procedures, or improper operating 
procedures. 

Plant 5513 installed a dry chemical dechlorination systeI'l in 1977 
to comply with a O. 2 mg/l TRC limitation reportedly consistent 
with the limitation. 

Plant 4107 has been operating a sodium b1sulfite dechlorination 
system to a TRC level of 0.1 Mg/l. The systeI'l was installed in 
1976. The industry reports that problems have been encountered 
with the sampling system and the chlorine analyzer. While 
designed to reduce TRC to non-detectable levels, no discharge 
data is available. 

Plant 0502 has three generating units on dry chemical 
dechlorination systems. The operators indicate that these 
systems have been opera ting very successfully since 1970 with 
minimum problems in Meeting the O. 2 mg/l TRC limits in their 
permits. Industry commenters identified many of the dry chemical 
dechlorination systems as primitive, manual, experiI'\ental or 
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Practice 

Dechlorination 
Chemical 

Dose of dechlo
rination chemical 
fed per chlorina
t 1on period 
(concentration) 

Chlorination 
Chern cal 

Dose of chlorina
tion chemical f eJ 
per chlorination 
period (concentra
tion of available 
chlorine) 

Flow rate of 
a ischarge 

Reaction t11'1e 
condenser outlet 
to headwall) 

Table VII-7 

CHLORINATION/DECHLORINATION PRACTICES (1) 

Plant 2603 

Sodiurt Sulfite 
Sodium Thiosulfate 

winter .9ppm 
summer .9 ppm 

Chlorine Gas 

winter .22 ppm 
summer 1.06 ppm 

150,000 gpm 

calculated-5 min. 
actual-4.5 min. 

Plant 2608 

Sodiun Sulfite 

winter .07 ppm 
summer .2 ppm 

Sodium Hypochlorite 

winter .04 ppl'l 
summer .11 ppm 

405,000 gpm 

calculated-1-2 min. 

Plant 2607 

Sodiu~ Thiosulf ate 

winter .14 ppm 
summer • 3 ppm 

Sodium Hypochlorite 

winter .22 ppm 
summer .22 ppm 

214,000 gprn 

calculated-6 min. 



temporary. With more sophisticated, permanent installations, it 
could be expected that many of the identified problems would be 
eliminated. None of the specific operating or maintenance 
problems cited are considered unique to water pollution control 
systems and none of the problems were identified as either 
insurmountable or as obstacles to achieving a TRC limitation of 
0.20 ng/l. 

A TVA survey report of industry experience submitted by the 
industry to EPA in public comments on the proposed regulations, 
states that "chemical dechlorination does achieve its main goal 
of reducing TRC to undetectable limits in condenser cooling water 
discharge. These ut1l1 ties have proven that chemical dechlori
nation is a viable technology capable of supporting the pm1er 
industries' efforts to comply with low-level effluent 11m1 ta
tions. Furthermore, chemical dechlorination can be applied to 
all types of intake water (seawater, freshwater, estuarine 
water) ... 

Thus, dechlorination data from discharge monitoring reports 
(DHR's) are available for each of the three plants (2603, 2608, 
2607) for a period of slightly over one year. As detailed in 
Appendix H, the dechlorination data were analyzed by EPA standard 
procedures to determine the 99th percentile of the distribution 
of daily effluent TRC concentrations. The analysis concluded 
that a 0.14 ng/l TRC is the concentration below which 99 percent 
of all grab samples taken during periods of sinultaneous 
chlorination and dechlorination would fall. It is concluded that 
dry chemical dechlorination can effectively control the discharge 
of TRC to concentrations of 0.14 mg/l or lower with 99 percent 
reliability. 

Because the data provided to EPA were in the form of aggregate 
statistics (i.e., minimum and Maximum sanple values, average of 
sar.tple values, and number of samples per chlorination event) and 
compliance with the limitations is assessed only when a chlori
nation event occurs, limitations based on long term average 
performance and variability factors were not deemed appropriate. 
The statistical methodology described in Appendix C of the 
Development Document was developed to address the above cited 
characteristics of the submitted data while at the saIT\e time 
determining a nunerical limitation consistent with the Agency's 
policy of setting daily max1IT\um limitations based on 99th 
percentile estimates of the distribution of effluent concen
tration values. 

' It is unportant to note that the dry chemical dechlorination 
systems in use at Plants 2603, 2607, and 2608 are all "make
shift" systems. The equipnent used is basically a 55 gallon drum 
(used as a mix tank) w1th a punp and a hose leading to the con
denser outlet. Thus, the apparatus constitutes a m1n1mun of 
sophistication. It follows therefore, that more sophisticated 
and properly designed and instrumented dechlorination systems 
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would be capable of achieving much better performance. This is 
supported, for instance, by the data fron Plant 0611 (tables 
VII-3, VII-4, VII-5) which has a properly instrunented S02 
dechlori.na ti.on system. TRC !eve ls in the final effluent from 
Plant 0611 were consistently below the level of detection. 

Variability 

Experience from ri.unici.pal treatment plants indicates the varia
bility of tlus technique is small, and a minor factor in l. ts 
application for TRC control. Plants in the steam electric 
category usLng dry chemical dechlorination are able to con
sistently achieve TRC levels at or below 0.20 ri.g/l when properly 
operated. 

Reliability 

Potential problems with dry cheri.ical dechlorination systems 
include pH shift, and oxygen depletion. Table VII-8 presents pH 
data fron four powerplants with dry cheri.ical dechlorination 
systems. In these four plants, pH shift was not s1gnif1cant and 
may have been within the error limits of the instrumentation. 

Table VII-9 presents adch ti.anal data from the same four plants 
using dry cheni.cdl dechlorination. The data indicate that 
dissolved oxygen depletion in the effluent cooling water is not a 
problem. In no case was the dissolved oxygen lowered by nore 
than 0. 6 Mg/l. 

SUMMARY 

In sur.u::iary, dry or S02 cheri.i.cal dechlorination is an effective 
nethod of eliminating the detectable dischar3e of residual 
chlorine fron cooling water discharge. Good process control and 
proper equi.pr1ent maintenance are necessary for the system to 
perform optimally. None of the information collected by or sub
mitted to EPA indicates that there are insurmountable problens in 
process control or equipment operation and naintenance. Such 
problems are common to all but the most simplistic water pol
lution control systems. These problems occur continually in well 
designed and operated systems only during startup and "shakedown" 
of new systems. Temporary, less well-designed systems, as repre
sented by se11eral of the installed systems described in this 
section would be expected to experience such problens on a 
continual basis until they are either properly upgraded or 
replaced by properly designed and operated systems. 

As indicated in this section, such temporary, rudinentary 
dechlorination systems which experience reportedly continual 
operating problems have demonstrated the ability to achieve TRC 
levels of O. 20 n9/l and less. Upgrading to or replacenent by 
permanent, well-designed systems could only result in s i.gnif i
cantly more efficiency and reliab1li ty in meeting the effluent 
l imi ta ti.on. 
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Plant Code 

2603 

2608 

2607 

5513 

Table VII-8 

EFFECT OF DRY CHEMICAL DECHLORIUATION 
ON PH OF THE COOLING WATER 

(EPA Surveillance and Analysis Regional Data) 

pH 

Intake Chlorinated Dechlorinated 

8.0 8.4 7.2 

7.5 8.1 7.9 

a.a 7.9 8.0 

7.3 7.3 7.2 
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Plant Code 

2603 

2608 

2607 

5513 

Table VII-9 

EFFCCT OF DRY CHEMICAL DECHLORINA'I'IOtJ ON 
DISSOLVED OXYGEN IN COOLING WATER 

(EPA Surveillance and Analysis Regional Data) 

Dissolved Oxygen (I"lg/l) 

Intake Chlorinated Dechlorinated 

5.3 NA 7.2 

8.1 NA 7.5 

7.0 NA 6.6 

2.2 2.1 l. 9 

NA - Data not available. 
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I 

The successful operation of dechlorination systems in various 
geographies and clinates and with widely varying intake water 
quality (salt water, brackish, fresh water) indicates that these 
factors have no bearing on the basic ability of dechlorination 
systems to be installed and to effect chlorine discharge re
duction to achieve a discharge TRC level of 0.20 mg/l, or less. 

Pretreatment 

Pretreatment of once-through cooling water would be necessary 
only if the effluent is sent to a PO'IW. No stea~ electric plants 
are known to discharge once-through cooling water to POTW' s. 
Even if once-through cooling water is sent to a POTW, however, 
pretreatment for TRC removal will not be required since the 
concentration of TRC found in once-through cooling water would 
not interfere with the operation of the POTW. TRC levels in the 
influent wastewters to a POTW are not significantly related to 
TRC levels in POTH effluents. However, it is quite unlikely that 
a POTN would accept the large volumes associated with this waste 
stream because it would utilize a significant a~ount of POTW 
hydraulic capacity which would otherwise be used to treat much 
more concentrated, lower volume wastes. 

RECIRCULATING COOLING WATER 

The blowdown from a recirculating cooling water system nay con
tain any of a number of pollutants which were identified in 
Section v. Total Residual Chlorine (TRC) and certain priority 
pollutants are the polluants in recirculating cooling water blow
down that are of primary interest. Tlus section is broken down 
into two subsections, one discussing TRC control and the other 
detailing ~ethods for priority pollutant control. 

Total Residual Chlorine Control 

In-Plant Discharge Control 

Several techniques for in-plant TRC control in recirculating 
cooling water systems are available. These include chemical 
substitutions such as bromine chloride, and chloride dioxide, and 
improved process control via use of natural chlorine der:iand. 
There are no housekeeping practices or manufacturing process 
changes which are applicable for control of TRC in cooling tm1er 
blowdown. 

Chemical Substitutions 

Bromine Chloride 

The application of bromine chloride for biofoulin<J control in a 
recirculating cooling water system is the sa~e as its application 
in a once-through cooling water syste~. This is true with 
respect to the technology description, previous industrial appli
cations, effectiveness, variability, and reliability. This 
material is discussed at the beginning of Section VII. 
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Chlorine Dioxide 

The use of chlorine dioxide as a biofouling control agent in 
recirculating cooling water systems is identical to its use in a 
once-through cooling water system. These two applications of 
chlorine dioxide are identical with respect to the technology, 
previous applications, effectiveness, variability, and reliabil
ity, and the description given earlier in this Section is 
applicable to recirculating cooling water systems. 

Ozone 

As is the case with all other chemical substituion options, 
biofouling control with ozone is similar for both once-through 
and recirculating cooling water systems. All aspects of an ozone 
biofouling control system are identical for once-through and 
recirculating cooling water systems. The discussion of ozone 
biofouling control given earlier in this Section is applicable to 
this section as well. 

Improved Process Control 
~I I I I I 

Natural ChlorJne Demand 

In recirculatLng cooling systems, the application of dechlorina
tion by naturc:i.L chlorine demand consists of simply nodifying the 
chlorination procedure currently in use at the plant such that 
blowdown is not discharged during the chlorination period nor 
during the period of time after chlorine addition stops when 
residual chlorine is still present in the recirculating cooling 
water. Once chlorine addition ceases, the natural chlorine de
mand reactions will bring about a rapid reduction in the residual 
chlorine concentration present in the recirculating stream. For 
example, in a study conducted at Plant 8919, it was found that 
the total residual chlorine concentration in the recirculating 
water of a cooling tower dropped to zero 1.5 hours after chlorine 
dosage was ceased ( 30). A program of chlorination was adopted 
such that the cooling tower blowdown valve was closed during the 
period of chlorination and left closed for the following three 
hours. A three hour no-blowdown time period was selected in 
order to insure complete degradation of the total residual chlo
rine present Jn the recirculating cooling water. It is expected 
that this same kind of operation procedure could be successfully 
applied to recirculating cooling systems using cooling ponds or 
canals. 

In all other respects, previous industrial applications, varia
bility, effectiveness, and reliability, this control method is 
identical to that presented earlier in this Section for once
through cooling water. 

End-of-Pipe Treatment 

There is only one end-of-pipe treatment method which was Judged 
to be technu::ally and economically feasible for reducing or 
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eliminating TRC 
dechlorination 
methods: ( l) 
Each of these 
follow. 

S02 InJection 

I 

in recirculating cooling water 
which can be accomplished 
S02 inJection, and (2) dry 

Methods is discussed in the 

blowdown. This is 
by two different 
chemical systems. 
subsections which 

The use of S02 inJectior1 as a means to control TRC concentra
tions in recirculating cooling water blowdown is similar to its 
use for once-through cooling water. The discussion of the 
technology, previous applications, effectiveness, variability, 
and reliability of S02 in]ection for once through cooling 
water, presented earlier in this Section, is applicable to 
recirculating cooling water blowdown. 

Dry Chemical Systens 

The application of this control technology to recirculating cool
ing water systems is identical to its application to once-through 
cooling water systems. The discussion earlier in Section VII of 
the technology, previous applications, effectiveness, 
variability, and reliability is equally applicable to 
recirculating cooling water blowdown. 

Pretreatment of recirculating cooling water blowdown would be 
necessary only if the effluent is sent to a POTW. No steam 
electric plants discharge recirculating cooling water blowdown to 
POTW's. Even if recirculating cooling water blowdown is sent to 
a POTW, however, pretreatment for TRC removal will not be 
required since TRC control at POTW's is easily achieved. 

Priority Pollutant Control 

Several of the 126 pn ori ty pollutants have been observed in 
cooling tower blowdown. The sources of these priority pollutants 
are chemical additives used for corrosion, scaling, and biofoul
ing control and asbestos fill Material froM the cooling towers. 
The only feasible technology for priority pollutant control is 
substitution of products not containing priority pollutants for 
products that do contain these pollutants. Chemical mixtures not 
containing priority pollutants can be substituted for scaling and 
corrosion control chemicals and non-oxidizing biocides. These 
two techniques for the elirunation of priority pollutants are 
in-plant chenical substJtutions. Replacement of asbestos cement 
cooling tower fill with another type of fill elininates the 
release of asbestos fibers in cooling tower blowdown. This con
trol technique has been designated as a housekeeping practice and 
is discussed in the first subsection below. 

In-Plant Discharge Control 

There are no manufacturing 
process control that were 
economically feasible. 

process changes 
considered to 
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Housekeeping Practices 

Replacement of Asbestos Cooling Tower Fill 

The technolo9y evaluated to control the discharge of asbestos 
fibers in cooling tower blowdown is replacement of existing 
asbestos fill material. Existing asbestos cement fill is taken 
out of the tower and replaced with wood, PVC, or ceramic tiles. 
This is a straightforward disassembly-and-reassembly construction 
procedure. The tower is, of course, out of service during this 
construction activity. 

The cost for asbestos cement fill replacement is extremely site
specif ic. Factors such as the current fill configuration, plant 
location, fi] 1 chosen for replacement, local labor wages and 
availability, proximity to appropriate asbestos fill disposal 
site and time available for fill replacement (cooling tower must 
be out of service) all affect the cost of fill replacement. The 
general range of the fill replacement costs can be estimated froM 
repair work done by cooling tower manufacturers in the past. In 
one such case, the existing asbestos cement fill was damaged due 
to problems with the water chemistry of the recirculating water. 
This resul tecl in the leaching of calcium carbonate from the 
asbestos cenent which brought about rapid fill deterioration. In 
another case,, water freezing in the fill brought about serious 
damage. In both instances, complete fill replacement was neces
sary. 

Chemical Substitutions 

Alternative Corrosion and Scaling Control Chemicals 

The principal control technology available to eliminate the dis
charge of priority pollutants as a result of the use of corrosion 
and scale control agents is the substitution of corrosion and 
scaling control agents which do not contain priority pollutants. 
Most powerplants usually purchase the cher.11cals they need for 
corrosion and scaling control from vendors as prepackaged rux
tures. The exact composition of these "proprietary" mixtures is 
confidential but a partial listing of sorae of the commonly used 
mixtures which do contain priority pollutants is given in Table 
VII-10. At least one vendor is now offering a corrosion and 
scaling control mixture that contains neither zinc nor chromiura 
and has proven very effective 1n several full scale test prograns 
in various industrial applications (32). 

Alternative Non-Oxidizing Biocides 

Many steam ·electric powerplants use non-oxidizing biocides 
instead of, or in conJunction with, the oxidizing biocides. The 
non-oxidizing biocides are also effective in controlling bio
fouling but do so through mechanisms other than direct oxidation 
of cell walls. 
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Table VII-10 

CORROSION AND SCALING CONTROL MIXTURES 
Kt10WN TO CONTAIN PRIORITY POLLUTANTS (31, 32) 

Conpounds Known to Contain 
Priority Pollutants 

NALCO CHEMICALS 

25L 

38 

375 

CALGON CHEMICALS 

CL-70 

CL-68 

BETZ CHEMICALS 

BETZ 40P 

Dianodic 191 

HERCULES CHEMICALS 

CR 403 

BURRIS CHEMICALS 

Sodium Dichromate 

Specific Priority Pollutants 
Contained in Product 

Copper 

Chromiun 

ChrorruuPl 

Zinc Chloride 

Sodium Dichromate, Zinc Chloride 

Chromate and Zinc Salts 

Chromate and Zinc Salts 

Zinc Dichromate, Chromic Acid 

Sodiun Dichromate 
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A list of most of the commonly used oxidizing biocides is pre
sented in Table VII-11. Note that there are really two kinds of 
oxidizing biocides. The first group are appropriate for use in 
large-scale applications and require expensive feed equipment. 
These compounds have all been thoroughly discussed earlier and no 
further discussion will be presented here. 

The second group of oxidizing biocides are commonly purchased 
from suppliers as a liquid or solid in small containers (i.e., 50 
gallon drums, 100 pound bags}. These biocides are fed using 
relatively simple feed equipI'lent ( solution tank, Mixer, pump, 
diffuser} and in some cases are simply dumped into the influent 
lines to the cooling system. Note that many of these compounds 
contain chlorine which is released upon solution in water to forn 
hypochlorous ac::id (free available chlorine). The use of chlorine 
in this form will create the sane problems as inJection of 
chlorine gas, the only difference bein~ the method in which the 
chlorine was introduced to the systen. Plants using the "chlo
rine bearing" compounds \1111 have to meet the same effluent 
standards as plants inJecting chlorine gas. Both chlorine 
minimization and dechlorination are technologies available to 
help a plant meet total residual chlorine limitations. 

A third possibility for biofouling control is the substitution of 
a "non-chlorine bearing" oxidizing biocide which may offer 
similar biofoulLng control but will not result in the discharge 
of residual chlorine. For example, a plant currently using 
calcium hypochlorite could switch to dibromonitrilopropionamide 
(DBNPA) and avoid the discharge of residual chlorine altogether. 

Another substitution available to the plant is to use a non
oxidizing biocide instead of an oxidizing biocide. A list of the 
commonly used non-oxidizing biocides is presented in table 
VII-12. As the table shows, a diversity of products have been 
used for this purpose. An advantage that non-oxidizing biocides 
have over their oxidizing counterpart is their slow decay. 
Oxidizing biocides are, by design, very reactive conpounds. As a 
result, the o~idizing biocides react with many contaminants 
present in the cooling water and rapidly decay to relatively 
non-toxic compounds. The non-oxidizing biocides are, by design, 
very toxic materials which react selectively with microorganisms 
and other life forms. They may decay very slowly once released 
to the environment and thus pose a substantial environnental 
hazard. 

Many of the non-oxidizing biocides are priority pollutants. If a 
compound is a known priority pollutant it is marked with an 
asterisk to the left of the conpound nane. Since there are many 
non-priority pollutant, non-oxidizing compounds readily available 
on the I'larketplace, it is not recomnended that priority pollut
ants be used for this purpose. 

Before searching for a substitute for the current biocide a plant 
is using, careful examination should be given for the need of 
biocides at all~ especially non-oxidizing biocides. 
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Table VII-11 

COMMOULY USED OXIDIZING BIOCIDES (33, 34) 

Group A - Appropriate for Use in Large Scale Applications, 
Require Expensive Feed Equipment 

Bromine chloride 

Chlorine 

Chlorine dioxide 

Ozone 

Group 3 - Appropriate for Use on Intermittent Basis or in Small 
SysteMs, May Not Require Expensive Feed Equipment 

Ammonium persulf ate 

Bromine 

Calcium chlorite 

Calcium hypochlorite 

Dibromonitrilopropionamide 

2,2-dichlorodinethyl hydantoin 

Iodine 

Potassium hydrogen persulfate 

Potassiuc permangnate 

Sodium chlorite 

Sodium dichloroisocyanurate 

Sodium dichloro-s-triazinetrione 

Sodium hypochlorite 

Trichloroisocyanuric acid 

NOTE: None of these compounds are priority pollutants. 
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Table VII-12 

COMMONLY USCD NON-OXIDIZING BIOCIDES •( 33, 34) 

*Acid copper chromate 

*Acrolein 

n-alkylbenzyl-n-U-!J-trimethyl ammoniuII'\ chloride 

n-Alkyl (60% C , 30% C , 5% C , 5% C ) dimethyl benzyl 
Aramoniun chloride 

n-Alkyl (50% C , 30% C , 17% C , 3% C ) dimethyl ethylbenzyl 
anmonium chloride 

n-Alkyl (93% C , 2% C dinethyl-1-naphthylmethyl amnonium 
chloride 

alkylraethylbenzylammoni um lactate 

Alkyl-9-methyl-benzyl ammoniura chloride 

n-Alkyl (C - C ) - 1,3-Propanediamine 

*Arsenous Actd 

*Benzenes 

Benzyltriethylail'\Monium chloride 

Benzyltrimethylfil1nonium chloride 

Bis-(tributyltin) oxide 

Bis-(trichloromethyl) sulfone 

Bromonitrostyrene 

Bromostyrene 

2-bromo-4-phenylphenol 

*Carbon tetrachloride 

CetyldimethyJammoniun chloride 

Chloro-2-phenylphenol 

2-chloro-4-penylphenol 

*Chromate 

*Copper Sulfate 

*Cremated copper arsenate 

*Cresote 

*Cyanides 

3,4-dichlorobcnzylanMoniu~ chloride 
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Table VII-12 {Continued) 

COMMONLY USED NON-OXIDIZING BIOCIDES {33, 34) 

*2,4-dichlorophenol 

Dilauryldimethylammonium chloride 

Dilauryldimethylammoniun oleate 

Di~ethyltetrahydrothiadiazinethione 

Disodium ethylene-bis-{dithiocarbamate) 

DodecyltrimethylamMonium chloride 

Dodecyl dimethyl ammonium chloride 

Dodecyl guanidine acetate and hydrochloride 

Isopropanol 

*Lactoxymercuriphenyl amnonium Lactate 

Lauryldimethyl-benzyldiethylanmonium chloride {75%) 

Methylene bisthiocyanate 

Octadecyltrimethylammoniun chloride 

*Phenylmercuric triethanol-ammonium lactate 

*Phenylmercuric trihydroxethyl ammoniuM lactate 

o-phenylphenol 

Poly-{oxyethylene {dimethylimino) ethylene-{dimethylinino) 
ethylene dichloride) 

Sodiu~ dimethyldithiocarbamate 

*Sodium pentachlorophenate 

*Sodium trichlorophenate 

2-tertbutyl-4-chloro 5-nethyl phenol 

2,3,4,6-tetrachlorophenol 

Trimethylammoniun chloride 

*Zinc salts 

In addition to the above chemicals the following nay be present 
as solvents or carrier components: 

Dimethyl Fornamide 

Methanol 
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Table VII-12 (Continued) 

COMMONLY USED NON-OXIDIZING BIOCIDES (33, 34) 

Ethylene glycol monomethyl ether 

Ethylene glycol nonobutyl ether 

Methyl Ethyl Ketone 

Glycols to Hexylene Glycol 

*Heavy aror:iat.ic naphtha 

Cocoa diar:iine 

Sodium chlon de 

Sodium sulfate 

Polyoxyethylene glycol 

Talc 

Sodium Alu:minate 

Mono chlorotoluene 

Alkylene oxide - alcohol glycol ethers 

UOTE: *Indicates the compound is known to contain a priority 
pollutant. Sone of the other compounds may degrade 
into priority pollutants but no data was available 
to make a definite determination. 
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In those recirculating plants using cooling towers with wood 
fill, a special biofouling problem exists. It is only in these 
systems in which the use of non-oxidiz1ng biocides is really 
Justified (1). The problem is that the wood fill is susceptible 
to fungal attack in the center of the boards. Chlorine doses 
high enough to provide microbial control at the center of the 
boards would result in the delignification of the lumber and 
destroy the wood's structural strength. Thus, a nonoxidizing 
biocide offers a perfect solution. For this reason, lumber used 
in cooling tower fill is often pre-treated with a non-oxidizing 
biocide. Pentachlorophenate and various trichlorophenates are 
frequently used for this purpose ( 33). Both pentachlorophenate 
and the trichlorophenates are priority pollutants. 

End-of-Pipe Treatment 

There are no end-of-pipe treatnent technologies which were Judged 
to be technically and economically feasible to impleMent. 

Pretreatment 

In plants where cooling tower blowdown is discharged to a POTW, 
pretreatment is required for the removal of priority pollutants. 
The recoMmended pretreatment technology is chemical substitution 
which has been discussed in the section entitled Chemical 
Substitutions. 

ASH HANDLIUG 

Systems for handling the products of coal combustion by hydraulic 
or pneumatic conveyors have been used for 50 years or ~ore. With 
the advent of larger steam generation units, larger ash handling 
systems have been built with heavier components to cope with the 
increased loads. Powerplant refuse, which can be classified as 
ash, falls into four categories (36): 

o Bottom ash (dry or slag)--material which drops out of the 
main furnace and is too heavy to be entrained with the 
flue gases; 

o Fly ash--f iner particles than bottom ash which are 
entrained in the flue gas stream and are removed down
stream via dust collecting devices such as electro
static precipitators, baghouses, and cyclones; 

o Economizer and air preheater ash--coarser particles which 
drop out of flue gases as a result of changes in direction 
of the flue gas; and, 

o Mill re]ects, or pyrites--variety of coarse, heavy pieces 
of stone, slate, and iron pyrite which are removed from 
coal during preparation stages (at plants which clean the 
coal prior to use). 
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Economizer and air preheater ashes are usually collected in 
hoppers and transported in con]unction with fly ash to a disposal 
site; thus, fly ash transport systems are consiQered to apply to 
the economizer and preheater ash as well. Mill re]ects are 
wastes encountered in coal preparation which is usually performed 
off site; therefore, mill reJect transport systems are treated as 
off site operations and are not addressed in this discussion. As 
a result, only bottom ash and fly ash handling systems are con
sidered in this subsection. 

Statistics for 1975 indicate that approximately 410 million tons 
of coal were burned, producing nearly 41 million tons of fly ash 
and 22 million tons of bottom ash and boiler slag (37). As coal 
use increases to replace the dwindling supplies of other fuels 
used for gen•erati.ng electric power f the cmoun ts of fly ash and 
bottom ash requiring proper disposal will also increase. Perhaps 
the most environnentally acceptable and economically attractive 
method of disposal is through util1 zation as a raw material in 
the manufacture of new products. Recently fly ash and other coal 
residues have found uses such as lightweight aggregates for 
construction, structural fills, embankments, or low-cost highway 
base mixes. Ash also has been successfully used as a soil 
anendment, in fire-control or fire-abateMent procedures, and for 
treatment of acid mine drainage. Since ash is typically high in 
concentrations of many metals such as copper, vanadium, aluminum, 
chroMium, manganese, lead, zinc, nickel, titanium, magnesium, 
strontium, barium, lithium, and calcium, it may serve as an 
important source of these metals in the near future ( 38). Thus 
far, however, the use of fly ash and bottom ash in manufacturing 
has been reldtively small, only 16.3 percent in 1974 (38); 
therefore, the maJor portion of the fly ash and bottom ash 
resulting froM coal combustion r'lust be disposed. 

Fly Ash 

The treatment and control technologies applicable to fly ash 
handling systems are: 

o dry fly ash handling; 

o partial recirculation fly ash handling; and 

o physical/chemical treatment of ash pond overflows from 
wet, once-through systems. 

Dry SysteMS 

Dry fly ash handling systems are pneumatic systems of the vacuun 
or pressure type. VacuuM systei'\s use a vacuuM, produced by 
eJectors or mechanical blowers, to provide the necessary air flow 
to convey ash from the electrostatic precipitator (ESP) hoppers 
to its destination point, i.e., a dry storage silo or landfill. 
Pressure systems, on the other hand, make use of pressure blowers 
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to provide the required air flow for ash con1eying. In general, 
a vacuum system is nore limited in conveying distance than a 
pressure systen; thus, vacuum systems are generally not used for 
systems covering distances greater than 500 to 700 feet (39). 
Controls for a vacuun systen are generally si~pler than those for 
a pressure system. This can be advantageous for systens which 
have a large number of ash hoppers, e.g., 35 to 40. Because dry 
fly ash systems eliminate the need for an ash sluice water 
discharge, they represent a means of achieving zero discharge. 

Vacuun Systems. In this type of system, fly ash is pneumatically 
conveyed to a dry storage silo by means of a mechanical vacuum 
producer. An exanple of a vacuum system for dry fly ash is shown 
in figure VII-15. Fly ash is drawn from the bottom of the ash 
hopper through the dust valves and segregating valves to the 
primary and secondary collectors above the dry storage silo. The 
dust-free air from the collectors is sent through a cartridge 
filter before it is allowed to pass through the mechanical 
blowers where it is vented to the atmosphere. 

I 
Vacuun systems are limited in conveying distance. The distance 
to which material can be conveyed depends on the configuration of 
the system and plant altitude above sea level. The application 
of vacuum systems is generally limited from 500 to 700 feet of 
distance fron the ash hoppers to the dry storage silos (39). The 
sinplicity of vacuum systems nakes them particularly advantageous 
in systems with 35 to 40 ESP hoppers. 

Equipment. The following list of equipment co~prises the ma]or 
components of a vacuum system: 

I 

o vacuum producers--mechanical or hydraulic; 

o valves--type "E 11 Dust Valves and segregating valves; 

o conveying pipe; 

o dry storage--silo, dust collectors, and vent filters; 

o dust conditioners (or unloaders); and 

o controls. 

Many vacuum systens use mechanical exhausters to provide the 
necessary vacuum to convey fly ash to the dust collectors. These 
mechanical exhausters are 300- to 400-hp blowers (39), which are 
similar to those used in pressure systems. Vacuun production nay 
also be provided by mechanical vacuum punps motor driven machines 
of either the dry or water-inJected positive displacement type or 
the water sealed rotary bucket type. Experience has shown that 
water-inJected lobe type positive displacement vacuum producers 
cannot be used in cases where flue gases are high in sulfur 
dioxide ( 40). In such cases, dry vacuum pumps or wa tersealed 
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machines nust be used to av0Jd corrosion. The use of any 
mechanical vacuum pur.i.p requires the installation of collecting 
equipment of the highest possible efficiency ahead of the pump. 

Figure VII-16 presents a diagram of a hydraulic vacuum producer. 
This particular unit, marketed under the trade name "Hydrovac
tor," is manufactured by the Allen-Sherman-Hoff Company. The 
hydrovactor Makes use of high-pressure water (from 100 to 300 
psi) discharged through an annular ring of nozzles into a venturi 
throat to create the vacuum to convey dust to the collectors 
( 40). A similar unit, known as a "Hydroveyor," is manufactured 
by United Conveyor Corporation. The amount of water required, 
the pressure of the water, and the extent of the vacuur.i. produced 
are a function of the ash generating rate and distance to the 
storage silo. Typical values Might be 1,500 gpm of water through 
the venturi to draw 100 pounds per minute of air at 13 inches of 
nercury (39). 

Figure VII-17 illustrates the type "E" dust valve which is 
installed under the fly ash collection hoppers. ThJ s valve is 
air-electric operated and is designed to admit ambient air 
through integrally mounted inlet check valves. As the slide gate 
is opened, air drawn through these valves and from the inter
stices in the dust becomes the conveying mediur.i. which transports 
the fly ash. Valve opening and closing is controlled by fluctua
tions in the vacuum at the producer. A diop in vacuum indicates 
an empty hopper, so that an operator, or an automatic control 
device, is alerted to move to the next point of dust collection. 

When the fly ash is conveyed from two or More branch lines, 
segregating values are used to block off any branched lines which 
are not in use. By isolating the lines in this manner, the full 
energy of the conveying air can be applied to one branch at a 
time without the possibility of loss of conveying capacity due to 
leaks in other branches. Segregating valves may be provided with 
chain wheel or hand wheel operators as well as air-electric oper
ators as shown in figure VII-18. 

There are three types of pipe generally used in ash handling: 

o carbon steel pipe, 

o centrifugally cast iron pipe, and 

o basalt-lined pipe. 

In general, the carbon steel and centrifugally cast iron pipes 
are most comnonly used for dry handling (39). Basic pipe for ash 
handling service have a Brinnell Hardness Number ( BHN) of 280; 
fittings are harder (approximately 400 BHN) to combat the added 
abrasive action at bends in a conveying line (40). Typical pipe 
and fittings are shown in figure VII-19. Integral wear back, tan
gent end fittings are used. A line of fittings with replaceable 
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wear backs is available for vacuum systens. These wear backs are 
reversible so that each provides two points of impact where abra
sion is most severe. In addition, each wear back, for a given 
size pipe fitting, can be used on all fittin~s of that size. 
Some typical line sizes which may be used for varying system 
capacities are provided in table VII-13. Experience has shown 
that one line should handle no more than 50 TPH fly ash and that 
two lines with cross-over provision should be run to the silo 
(40). 

Dust caught by the collectors is continuously dropped into a fly 
ash storage silo where it is held until disposed. Storage silos 
may be of carbon steel or hollow concrete stave construction. 
Flat bottom silos are equipped with aeration stones or slides to 
fluidize dust and induce flow to the discharge outlets. Motor 
driven blowers supply the fluidizing air. Silos are also pro
vided with bag vent filters to prevent the discharge of dust 
along with dJ splaced air as the silo is being filled. Alter
nately, venting can be provided by a duct from the silo roof back 
to the precip1 ta tor inlet. It may be necessary to supply low
pressure blowers on the vent duct to overcome losses which may 
prevent release of the conveying air, resulting in a pressure 
build up in the silo and drop-out of the fly ash in the duct. 

Fly ash is normally deposited in trucks or railroad cars for 
transport to a dunp area. In such cases, it is necessary to wet 
the dust to prevent it from blowing off conveyances during trans
portation. This is accomplished by means of conditioners which 
may be of the horizontal rotary pug-mill type or the vertical 
type. 

The horizontal type is suitable for conditioning a maxinum of 180 
tons of dust per hour with water additions as high as 20 percent 
by weight ( 40). This unit requires a rotary feeding device 
between the cl1 scharge point and the unloader inlet to feed dry 
ash at a steady measured rate. Dust is fed by neans of the star 
(rotary) feeder to the inlet of a screw feeder which carries the 
dust to the end of a rotating drum. Water is added at the dis
charge point of the screw feeder and at various points along the 
drum as the dust is tumbled and rolled past a series of scrapers 
toward the discharge point. Operator attention is essential to 
the satisfactory functioning of this conditioner. 

The vertical conditioner is more adaptable to automatic operation 
with 20 percent water addition (40). This unit is supplied with 
a fluidizing feeder and Metering cut off gate to provide uniform 
feed. Dust e•nters a chamber on the top of the vertical condi
tioner where it falls onto a rotating distributing cone. This 
creates a cylindrical curtain of dust which is sprayed from 
numerous directions by high-velocity fog-Jet nozzles. The wetted 
dust, which is driven Jnto the walls of the bottom chamber, is 
moved toward the bottom discharge nozzle by means of a pair of 
motor-driven scraper blades. 
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Table VIl-13 

ASH CONVEYING CAPACITIES OF VARIOUS SIZE PIPES (39) 

Pipe Size 
(inside diameter in inches) 

6 

8 

10 

346 

Ash Generating Rate 
(tons/hour) 

15-20 

25-50 

50-75 



Both units require water at a rnnlrrnf'l pressure of 80 psi to 
achieve intinate mixing. Water supplied at a lower pressure 
cannot penetrate the mass of dust passing through in a very short 
period of time (40). 

Controls for Vdcuum fly ash systens are activated by changes in 
vacuuf'l. When a hopper is emptied of fly ash, the system vacuuM 
will drop. A pressure switch then activates a rotary step switch 
to close the dust valve under the hopper and to open the valve 
under the next hopper. This procedure continues until all the 
hoppers are empty. 

Maintenance. There are several high-maintenance areas associated 
with vacuum systems: 

o Vacuum Blowers - Problems may arise if the conveying air 
is insufficiently filtered upstr.eam of the blower. Dust 
in the conveying air would then pass through the blower, 
and erode the blades. 

o Bag Filter - Bag filter breakage is a common maintenance 
problem, creating a fugitive dust problem usually Just 
within the confines of the silo area. 

o Leakage - Leaks in the couplings of the pipe system can 
reduces the conveying power of the systeM. Maintenance 
problems for leakage are much less severe for vacuum 
systems as compared to pressure system leakage because 
all leaks are inward. 

o Vacuum Silo - Si.nee the silo is generally outside the 
plant area, maintenance nay be less frequent. For the 
vacuun silo, this can be nore of a problem because it is 
more complex than a pressure silo due to the need for 
collectors. 

Pressure SysteMs. This system conveys fly ash from individually 
controlled air locks (at the bottom of the ESP hoppers) to a dry 
storage silo by means of pressure provided by positive displace
ment blowers. A schematic diagran of a pressure systeM appears 
in figure VII-20. The mechanical blowers supply coMpressed air 
at pressures of up to 32 psi ( 40). The nain difference between 
the vacuum and pressure systems is that the pressure system does 
not require cyclone collectors at the storage silo~ instead, a 
vent filter relieves the silo of the air displaced by the incon
ing dust as well as the expanded volume of the conveying air. In 
some systems, a return line is run from the vent filter back to 
the ESP hopper to avoid possible fugitive dust ePussions fron the 
vent filter. A blower is usually reguireu on this line to over
come draft losses. 
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Equipment. 
tially the 
exceptions. 

~he ma]or components of a pressure system are essen
same as those of a vacuun system with the follmnng 

Air locks are used to transfer fly ash froM a hopper at one pres
sure to a conveying line at a higher pressure (figure VII-21). 
These are available in a wide range of capacities to meet any 
handling rate required of a pressurized conveying system. Air
electric operated cylinders control the positioning of upper and 
lower feed gates in proper sequence with the equalizing valves 
between upper and lower chambers. Manual cut off gates are 
supplied at lhe inlet and discharge of each air lock to perni t 
its removal without interrupting operation of the rest of the 
system (40). 

Silo storage is the same as for vacuum systems except that dust 
collectors are not required; however, a self-cleaning vent bag 
filter is required. Air-to-cloth ratio should be no greater than 
2.5 to l; i.e., 2.5 cubic feet per minute to 1 square foot of bag 
cloth area (40). Vent ducts provide an alternate means of 
relieving air from silos. 

Controls for pressure systems operate on a timed basis determined 
by the amount of dust stored in each row of collector hoppers. 
Individual air locks on any given row are carefully interlocked 
with the other air locks to prevent discharge of more than one 
hopper at a tiMe. Programmable controls are available to permit 
changing of air lock cycling where dust loading fluctuations are 
expected. 

Maintenance. There are several areas of high maintenance in a 
pressure systeM. The blowers, in general, are high-naintenance 
items. However, the risk of erosion of fan blades due to dust in 
the conveying air is not as great in the pressure systeM as it is 
in the vacuum system. Leakage, on the other hand, represents a 
more severe problem in the pressure system than it does in the 
vacuum system. Leaks in the pipe couplings can cause greater 
fugitive dust problems because of the positive pressure in the 
lines. In this sense, the pressure system is not as "clean" as 
the vacuum system. 

Fugitive Dust Enissions. Dry fly ash handling systems poten
tially have significant dust emission problens. These dust 
emissions can,occur at various locations within the ash handling 
system. Fly ash is a very abrasive material so problens 
generally arise in maintenance. Positive pressure fly ash 
transport systems generally incur problems in the pipe Joints. 
One of the maJor maintenance proble~ areas with vacuuM syste~s is 
with the bag filters used in the secondary or tertiary collectors 
on top of the storage silo. If these bags break, the dust-laden 
air strean will continue through the vacuum producer and into the 
atmosphere. If the vacuum producer is hydraulic, then the fly 
ash will be slurried with high-pressure \later, eliminating the 
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dusting problem, dusting problems also arise from bag breakage if 
a mechanical exhauster is used. Another problen area is the 
unloader at the bottom of the silo where spray nozzles are used 
to wet the fly ash before it is dumped into the truck. These 
spray nozzles need continuous Maintenance to avoid pluggage and 
subsequent dusting problems. Even with proper maintenance of the 
nozzles, the area around the unloader is still exposed to 
excessive dusting. Some facilities use roll-up doors to close 
offthis area and vent the air back to the precipitator. 

EPA conducted a telephone survey to determine the types of regu
lations on fugitive dust emissions which exist among different 
federal, state, and local authorities. In general, there are no 
regulations which apply specifically to dry fly ash handling 
systems. Fugitive dust emissions are usually covered by a more 
general regulation regarding particulate emissions such as a 
general opacity reading at the plant boundary. Regular moni
toring or inspection for dust enissions is generally not 
required. Enforcement is based primarily on complaints. 

Retrofitting. The motivation for retrofitting dry fly ash hand
ling systens may stem fron a variety of circumstances: 

o A shortage of water may exist for sluicing the fly ash to 
ponds, 

' ' 
o State or local regulations for certain aqueous discharges 

may result in a retrofit, and 

o A marketable use for the fly ash such as an additive for 
JTlaking ceJTlen t. 

very little, if any, equipnent could be reused in retrofitting to 
a dry fly ash system from a wet handling system. The equipment 
needing removal would be: 

o Valves allowing flow from the ESP hopper into the sluice 
line, if the sluice line runs into the hopper; 

o Pumps for carrying fly ash to the pond; and 

o Thi: line used for conveying the ash slurry. 

In so1ae cases, fly ash is pneumatically conveyed via a hydrovac
tor (or hydroveyor) to a nixing tank where it mixes with bottom 
ash for sluicing to a pond. The piping and vacuum producers, in 
these cases are potentially reusable. It would be necessary to 
shut uown the existing equipment during installation of the new 
equipraen t. 
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Trip Reports. EPA visited several plants in order to define 
various bottom ash and fly ash handling practices. This sub
section discusses dry fly ash handling systems encountered at 
so1:ie of these plants. 

Plant 1311. This plant is a 615-MW coal-fired electric power 
generating station located in Northern Indiana. The ash is 
generated by two cyclone type boilers of 194 and 422 MW each. 
The coal is characterized as low sulfur with an ash content of 10 
to 12 percent with 11 percent as the average. This bituminous 
coal comes from Bureau of Mines Coal Districts 10 and 11. 

The fly ash handling system currently in use at the plant is a 
dry vacuum system that was retrofitted in early 1979. The pre
vious system was a wet sluicing operation that used a hydroveyor 
and ponding. The maJor equipment for this dry system is pre
sented schematically in figure VII-22. This is a dual system in 
terms of the separators, i.e., cyclones and bagfilters, and the 
mechanical exhausters. There are separate lines which run from 
Unit 8 ESP hoppers and Unit 7 ESP hoppers. These lines feed 
separate cyclone collectors and bagfilters, but one silo is used 
to store the ash transported by the two lines. The storage silo 
has a diameter of 35 feet. Sixteen hoppers feed the unit 8 line 
(10-inch diameter pipe) and eight feed Unit 7 line. The distance 
from the hoppers to the silo is approximately 300 feet. No ma]or 
problems occurred ln the changeover from hydroveying the ash to 
ponds to vacuum handling of the ash to a storage silo. 

I 
The fly ash system was fairly new at the time of the site visit, 
and no maJor operating difficulties had been encountered. Early 
experience showed that the optimum operating procedure was to run 
the mechanical exhausters continuously; intermittent operation 
had caused some difficulty in achieving a sufficient vacuum for 
fly ash transport. lhnor erosion of the exhausters had occurred. 

In 1978, the plant generated 38,100 tons of fly ash. This ash is 
currently trucked to a landfill site for disposal by an outside 
firm. Closed cement trucks are used; the ash is not conditioned 
at the silo. 

Plant 1164. This plant is a 447-MW coal-fired powerplant located 
in Northwestern Colorado. The plant consists of two units: Unit 
l completed in 1965 and Unit 2 in 1976. The facility is a base
load plant which uses cooling towers for condenser heat dissipa
tion, dry fly ash transport, and a zero discharge bottom ash 
sluicing system. The plant burns a bituminous coal from Bureau 
of Mines Coal District 17. The plant is sufficiently close to 
the coal mine {9 miles) to be considered a mine-mouth operation. 
Plant water is drawn from a nearby river. The facility uses a 
vapor compression distillation unit to recover recycleable water 
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frol'\ cooling tower blowdown. All wastewa ters are ultimately 
handled by an evaporation pond. A generalized flow scheme for 
the plant appears in figure VII-23. The water system, as 
currently in operation, was designed by Stearns-Rodgers. 

The dry fly ash handling system for the plant removes fly ash 
frOM the boiler economizer hoppers and prec ipi ta tor hoppers on 
Uni ts 1 and 2 and transports the ash to a common fly ash silo 
where the ash is loaded into trucks. The trucks then transport 
the ash back to the :r.nne site for burial. The system is pres
surized and uses air as the conveying media. Ash conveying 
blowers supply the conveying air. Fly ash is fed into the system 
frort the economizer and precipitator hoppers by "nuva" feeders in 
a programmed sequence and the air flow carries the ash to the 
plant fly ash silo. Exhaust air from the silo is vented by the 
fly ash silo vent fans to the Unit 2 precipitator flue gas inlet 
manifold. 

Three positive displacenent blowers are used to drive the fly ash 
from the ESP and economizer hoppers to the plant storage silo. 
These blowers include one spare. Blower 1 serves Unit l; blower 
3 serves Unit 2; and blower 2 is the spare. These blowers each 
have a capacity of 2,900 ACFM at 13.5 psig and are driven by 250 
hp, 480-vol t, 3-phase, 60-hertz, 1, 800-rpm electric motors. A 
10-inch line is run from the Unit 2 blower to the Unit 2 precipi
tator and economizer hoppers. Each of the two precipitators 
contain 16 ash hoppers and the economizer contains four hoppers. 
The conveying air is piped to service nine groups of hoppers, 
each group containing four hoppers. Fly ash from each group of 
four hoppers is autoMatically fed by "nuva" feeders in a pro
grammed sequence contained in the fly ash control system which 
empties the hoppers in each group one at a time. 

The fly ash system for Unit 1 consists of one four-branched con
veyor, which automatically conveys fly ash from 24 precipi ta tor 
"nuva" feeders. The "nuva" feeders are essentially airlocks 
which utilize fluidizing stones to achieve better dust flow 
characteristics from the hopper to the pressure pneumatic con
veyor. "Nuva" is a trade naMe used by United Conveyor for their 
airlocks. The air displaced by ash in the precipitator feeders 
is vented through a bag filter to the atmosphere. Air displaced 
by the economizer ash is vented back into the hopper. 

From the hoppers the fly ash and conveying air travel through a 
10-inch line into the plant fly ash silo. The conveying air is 
vented from the silo through a 16-inch line by three fly ash silo 
vent fans. The air is piped through one of two 14-inch lines 
leading to the Unit 1 and 2 precipitators. The three silo vent 
fans are driven by 50-hp, 480-volt, 3-phase, 60-hertz, 1,800-rpm 
electric motors. 
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The rotary unloaders condi ti.on the fly ash which is then hauled 
to the mine for disposal. Ash water from the bottom ash surge 
tank is pumped to the fly ash silo by two fly ash unloader punps 
through a 6-inch line. 

The most significant ~a1ntenance item is the blowers. These have 
required two mechanics full time due to the erosion of the con
pressors. Other probleMs occur with pipe fitting leakage due to 
pipe expansion. The pipe expands because of the high temperature 
(700°F) fly ash which is being conveyed. 

This system was installed along with the botton ash sy'3tem in 
1974 as a retrofit to Unit 1 and as new to Unit 2. No particular 
problems were encountered in this retrofit. Some downtime was 
required to hookup the fly ash conveying pipe and airlocks to the 
ESP and economizer hoppers. Also, the old wet sluicing pipe 
needed to be taken out. No pipe was reusable for the fly ash 

I 

system. 

Plant 3203. This plant is a 340-MW western bituminous coal
burning facility which fires a moderately low-sulfur coal (aver
age 0.6 percent) with an average ash content of 12 percent. The 
availability of the three boilers has historically averaged 86 
percent annually. 

The dry fly ash handling system currently in use is a pressure 
systeM designed and installed by United Conveyor Corporation. 
Fly ash is generated by three pulverized dry bottom coal-fired 
units. Operating conditions at the plant indicate that 80 per
cent of the coal ash leaves the boilers via the flue gas stream. 
This corresponds to approximately 385 TPD of fly ash being 
generated. Approximately O. 3 percent of this fly ash is col
lected in the economizer hopper~ the ash collected there is 
sluiced to the bottom ash handling system at a rate of 1 TPD. 
The maJori ty of the remainder of the fly ash is collected in 
mechanical collecting devices, cyclones, with an effi.C'iency of 75 
percent. The remaining 25 percent is collected in the air pre
heater and stack hoppers. The fly ash collected is then conveyed 
under pressure to a storage silo for commercial use or disposal. 
Approximately 250 TPD of the fly ash is sold dry, or uncondi
tioned, to a cement company as an additive for $1 per ton. The 
remainder is conditioned and trucked to an on site landfill. 

The pressure system is diagraMmed in figure VII-24. There are 
six hoppers per nechanical collector which feed through an air
lock device into a pressurized ( 8-10 ps ig) pneuMatic conveying 
line which leads to the storage silo. The distance from the 
cyclone hoppers to the storage silo is approximately 500 feet. 
The volume of the silo is 30, 000 cubic feet and the pneumatic 
lines leading to the silo are 6 to 7 inches in diameter. This 
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silo volume provides approximately a 2-day storage capacity and 
therefore requires dumping several times a ~1eek. 

I 

The equipraent which required the nost Maintenance during the past 
4 years of operation of the unit were (1) the blowers and (2) 
valves and elbows. There were no real problems with the rest of 
the system. 

·,. The raotiva tion for retrofitting this system was twofold: a 
general water shortage problem existed and approximately 250 TPD 
of the fly ash was a saleable product at a rate of $1 per ton. 
At the ti1ae the pressure dry fly ash systeM was installed in 
1975, a dewatering bin system and a third unit boiler were also 
installed. A 2-week outage for Units 1 and 2 was incurred when 
these retrofit systems were installed. 

Utilization of the Systems. Data from the 308 survey were used 
to evaluate the distribution of fly ash handling systems for the 
follouing parameters: 

0 fuel type, 

0 boiler type, 

0 location, 

0 size, and 

0 intake water quality. 

Fuel Type. The 1aost important fuel type is coal. This fuel type 
accounts for 74 percent of the fly ash handling systems as shown 
in figure VII-25. Dry fly ash handling systems are as common as 
wet once-through systems for coal-burning facilities and repre
sent 34 percent of all ash handling systens. Wet recirculating 
systems, however, are r.mch less coMmon, representing only 2 
percent of all ash handling systems. This distribution does not 
change significantly among coal, gas, and oil-burning facilities. 
Thus, it seems that fuel type has little effect on the type of 
ash handling systen used. 

The distribution of ash handling systems among different coal 
types is shown in figure VII-26. Coal type does not seem to 
significantly affect the distribution of systems. Bituminous 
coal facilities, by far the most common of the three coal types 
considered, are split bet\1een dry and wet once-through systems. 
Wet recirculating systens are rare. 

Boiler Type. Three naJor boiler types are considered in this 
analysis: cyclone, pulverized coal, and spreader stoker units. 
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Figure VII-27 ind1cPttes that the type of boiler does influence 
the distribul1on of fly ash handling systems. Dry fly ash units 
are outnumbered three-to-one by wet once-th~ough systems for 
cyclone units. Eighty to 90 percent of the ash produced by a 
cyclone boiler is bottom ash. Since the cyclone boiler is a 
slagging boiJer, the bottom ash is usually handled wet; thus, it 
is not surprising that the remaining 10 to 20 percent of the ash 
is more frequently handled wet. Wet recirculating systems are 
rare (less than 2 percent of the systems reported) for cyclone 
boilers, as well as for pulverized and stoker boilers. Pulve
rized coal uni ts seem to have the same distribution of fly ash 
handling systems as discussed previously for fuel types. Dry 
systems are very common (almost equal in number to wet once
through systems), and wet recirculating systems are rare. 
Spreader stoker units use a much larger proportion of dry systems 
than wet once-through systems. Wet recirculating systems are 
rare. 

Location. The distribution of fly ash handling systems for each 
of the 10 EPA regions is shown in figure VII-28. A map dis
playing the EPA regions is provided in figure VII-29. The 
distribution indicates that there are some regional variances in 
the distribution of fly ash handling systens. 

Regions I through III show a slightly greater frequency of dry 
systens (as opposed to wet once-through} and very few instances 
of wet recirculating systems. Oil-burning facilities are more 
conman in the Northeast. The low ash production rate of oil
burning facilities may be one explanation for the increased use 
of dry fly dsh systems. In addition, insufficient land for 
ponding may dlso contribute to the choice of dry over wet 
handling. 

In Region IV 1, wet once-through systems are most comnonly used. 
Dry fly ash systems represent 3 percent of all ash handling sys
tems. Wet once-through systems account for 18 percent of all ash 
handling systems. The high occurrence of wet once-through sys
tefls flay be due in part to the greater availability of land for 
ponding rather than some restriction on the use of ury systems. 

In Regions V, VI, and VII, dry systems are competitive with wet 
once-through systems. 

In Regions VIII and IX, the proportions of dry and wet recircu
lating systems are considerably higher than those of any other 
region. This reflects the need to conserve water in these areas. 
The only systems reported in Region X are dry fly ash systems. 
Again, this is a result of the scarcity of water in the West. 
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Plant Size. Plant size is expressed in plant naneplate capacity. 
The distribution of fly ash handling systeras by various plant 
size catagories is presented in figure VII-30. Category 1 is 
dominated by dry fly ash systems. This probably reflects the 
dominance of stoker boilers among low capacity plants. As plant 
capacity increases above 100 MW, wet once-through systens becone 
competitive with dry fly ash systems. For plants greater than 
500 MW, the percentage of wet once-through is slightly greater 
than the percentage of dry systems. 

Intake Water Quality. Intake water quality was measured as total 
dissolved solids (TDS). The distribution of fly ash handling 
sys tens by intake water quality is presented in figure VI I-31. 
No significant differences in the distribution of fly ash systems 
are apparent among any of these categories. 

Retrofitted Dry Fly Ash Systens. Table VII-14 presents a list of 
plants which have been identified as having retrofitted dry fly 
ash systens. 

Partial Recirculating SysteMs. The wet handling of fly ash is 
achieved by sluicing the fly ash from the collection device, ESP 
or cyclone hopper, to a pond. Settling of the fly ash typically 
occurs in primary and secondary ponds. A third settling area, 
usually referred to as a clear pond, is used if the sluice water 
is to be recycled. Total recirculation of the ash pond transport 
water is a zero discharge system. If less than total recycle 
occurs, the system is defined as a partial recirculating system. 

Partial Recirculating Systems 

Process Description. A generalize<l sche1aatic of a typical par
tial recicculating systen is shown in figure VII-32. Sluiced ash 
is pumped to the primary and secondary pond and flows to the 
clear pond from which water is recirculated by the nain recircu
lation pumps to the Main sluice pumps to be used as dilution 
water. A portion of the clear pond overflow is discharged. 

There are various methods of sluicing the fly ash from the col
lection point. A typical ~ethod is illustrated in figure VII-33. 
Fly ash from the ESP hoppers is vacuum conveyed through the 
vacuum producer where it is slurried with the high-pressure water 
used to create the vacuun for conveying. This slurry is dis
charged through an air separator. Fron the air separator, the 
sluiced fly ash may flow by gravity to the pond or to a mix tank 
before it is pumped to the pond site. Slurry pumps are necessary 
when the ash slurry is pumped a great distance to the pond, which 
is often the case. Many ponds are typically 1,000 to 3,000 feet 
from the hoppers. 
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':'able _ .-1~ 
' I 
i 

PLANTS WITH RETROFITTED DRY FLY ASH HANDLING SYSTEMS 
I 

Plant/Utility 
Gallatin/TVA 
John E. Amos/ 
Appalachian Power Co. 
Kirk/Black Hills 
Power & Light Co. 
Ben French/Black 
Hills Power & Light Co. 
Fisk/Commonwealth 
Edison Co. 
Bailly/No. Indiana 
Public Service Co. 
Ashtabula/Cleveland 
Electric Illuminating Co. 
Avon Lake/Cleveland 
Electric Illuminating Co. 
Eastlake/Cleveland 
Electric Illuminating Co. 
Lake Shore/Cleveland 
Electric Illuminating Co. 
Coffeen/Central 
Illinois Public Service 
Reid Gardner/Nevada 
Power Co. 
Hayden/Colorado-Ute 
Cherokee #3/Public 
Service of Colorado 
Bowen/Georgia Power 
Company 
Arkwright/Georgia 
Power Co. 
McDonough/Georgia 
Power Company 
Port Went:T.North/ 
Savannah Electric & Light 

I 

Location 
(EPA Region) 
Summer, TN (IV) 

Kanawha, WV (III) 
Lead, SD (VIII) 

C~paci ty (MW) 
1255.2 

2932.6 
31.5 

Rapid City, SD (VIII) 22.0 

Cook, IL (V) 547.0 

Porter, IN (V) 615.6 

Ashtabula, OH (V) 640.0 

Lorain, OH (V)' 1,275.0 

Lake, OH (V) 1,257.0 

Cuyahoga, OH (V) 514.0 

Montgomery, IL (V) 1 ,005.5 

Moapa Clark Co. , NV (IX) 340.8 

Hayden, CO (VIII) 447.0 
' 

Adams, CO (VIII) 801.3 

Bartow, GA (IV) 2,547.0 

Bibb, GA (IV) 1 81 • 0 

Cobb, GA (IV) 598.0 

Chatham, GA (IV) 333.9 
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Equipraent. The equipment associated with dry conveying, i.e., 
all equipnent up to and including the vacuun producer, is dis
cussed in the sections on dry fly ash handling. The maJOr 
equipnent discussed in this section includes: 

o air separator, 

o purtps, 

o conveying pipe, and 

o ponds. 

Air Separator. A typical air separator is shown in figure 
VII-34. A wide variety of separators, unlined or with basalt 
linings, is available for single and multiple systerts. 

Pumps. Slurry pumps nay be centrifugal puraps or eJectors (Jet 
pm.:tps). Either pump requires considerable di lu ti.on at the suc
tion in order to provide a slurry that can be pumped. For the 
same discharge quantity and discharge head, a centrifugal pump is 
about 40 percent more efficient than a Jet pump without con
sidering the eff 1ciency of auxiliary pumping equipment which 
supplies the e]ector nozzle (40). Jet pumps are generally more 
favorable for slurry handling than centrifugal pumps because of 
the re lat 1 ve ease with which they can be serviced, even though 
such service may be required much more frequently than for a 
comparable centr1f ugal pump. The higher naintenance requirement 
is due to higher operating pressure in the eJector nozzles. 

Hard raetals are enployed 1n the construction of both types of 
pumps in areas where abrasion 1s most severe. It is desirable to 
maintain velocities as low as possible within the limits of pump 
efficiency to reduce abrasion. A velocity of 40 to 50 feet per 
second maximum through a Jet punp 1s desirable. In the case of 
centrifugal pumps, the 1npeller peripheral speed should not 
exceed 4,500 to 5,000 feet per n1nute (40). 

When system heads exceed about 100 feet, Jet punps are generally 
1neffect1ve since series pumping is not practical. Centrifugal 
puraps, on the other hand, can be conveniently placed in series 
for high-head requirements (40). 

Centrifugal pumps are generally used for recirculation. Clarity 
of recirculated water does not present a wear problem to a cen
trifugal ash handling punp. 

Pipe. The pipe conveying an ash slurry is similar to that used 
in dry fly ash systems. Basic pipe for ash handling service has 
a Brinnell Hardness UuMber ( BHN) of 200; £ i ttings have a BHH 
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Figure VII-34 
TYPICAL AIR SEPARATOR IN A PARTIAL RECIRCULATING 

FLY ASH HANDLING SYStEM 
I 

Renrinted from A Primer for Ash Handling by Allen-Sherman-Hoff 
Company by permissien or Allen-Sherman-rloff Company, a Division 
of Ecolaire. Year of first publication 1976 
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ar.ound 400. Various hardnesses are i:ivailable with cost usually 
increasing in proportion to hardness ( 4 0). Centrifugally cast 
iron pipe is by far the most widely used pipe for wet systems 
because of its ability to withstand the corrosive and erosive 
condition often encountered in ash handling (19). This type of 
pipe is available from a nuMber of pipe manufacturers. Basalt
lined pipe is another fairly comf!lon pipe useu in ash handling 
systeMs. The basalt lining is forMed from volcanic rock which is 
melted and shaped into a liner for the pipe. Basalt provides 
improved protection from abrasion; however, it is generally less 
resistant to impact caused by turbulent conditions at bends in 
the pipe. In fact, soMe plants have used basalt-lined pipes for 
straight sections and cast iron for bends. Basalt also protects 
against corrosion by sealing the pipe from the corrosive condi
tions within. One drawback from this pipe is that it is More 
expensive to install because it requires a lot of shaping and 
cutting. Some firms are marketing a ceraMic pipe for use in ash 
handling systef'ls. This type of pipe is fairly new and has not 
been universally accepted by the utility companies. Fiberglass 
pipe has also been used in ash handling systems. Like basalt-
1 ined pipe, fiberglass pipe has fairly high installation costs 
because it requires cutting and shaping. 

Ponds. The primary pond or settling area may not necessarily be 
a pond, per se, but can be a run-off area for reMoval of the 
larger ash particles. The sluice water may then overflow via 
gravity to a secondary pond for further settling. Overflow from 
the second pond would flow to a clear pond which serves as a 
holding basin for recirculation water. To be effective, ponds 
must cover a considerable area to allow sufficient retention time 
for settling of the ash in the conveying water. For bottom ash, 
volume in the storage basin should be sufficient to provide at 
least 1 day's retention t1Me. Because of its slow settling rate, 
fly ash requires a larger pond to provide longer retention tine 
than for bottof!l ash. 

Maintenance. For those sections of a partial recirculating sys
ten which involve dry conveying, maintenance of the equipment is 
the same as for vacuuM and pressure dry fly ash handling systeMs. 
Abrasive and corrosive wear on the puMps and conveying lines 
handling the ash sluice is a maJor source of Maintenance prob
lems. Most of the wear on pipe lines occurs along the bottom 
because most of the solids in the slurry are carried along the 
bottom. To distribute the wear along the bottoJTl, many plants 
rotate their cast iron pipe lines regularly. The other area of 
maJor maintenance are the settling ponds. Generally, these ponds 
must be dredged regularly to reMove settled ash for landfill 
disposal. 
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Retrofitting. The motivation for retrofitting a partial recircu
lating system onto an existing ash pond system may be either a 
water shortage or regulations governing wastewater effluents. 
Essentially no equipment must be removed in order to retrofit a 
partial recirculating system other than rerouting of old pipe 
near the sluicing pumps where hook up would occur. Old pipe in 
the plant may be used in so111e instance to help defray the capital 
cost of the new pipe. Recirculation pumps may be required to 
move the pond water to the existing ash sluice pumps. Some down
time may be required for hook up of the recycle line to the main 
sluice water conveying pumps. 

Trip Report. One of the plants visited in the effort to define 
various bottom ash and fly ash handling practices had a partial 
recirculating system for fly ash. Plant 1505 is a 736 MW 
electric power generat.ing station. Four of the seven boilers 
currently in operation burn bituminous coal from Bureau of Mines 
Districts 10 and 11 with an ash content of 10 to 12 percent. The 
boilers are of the wet bottom, cyclone type and produce a rela
tively large amount of bottom ash slag. The plant utilizes a wet 
recirculating ponding system to handle qoth fly ash and botton 
ash. Water is obtained from a nearby creek for use in the 
sluicing operation. Figure VII-35 presents a flow diagram indi
cating separate fly ash and bottom ash holding ponds. There are 
two primary, two secondary, and one final pond. 

The fly ash is Jet sluiced from the ESP hoppers from Units 4, 5, 
6, and 12 to one of two fly ash settling ponds. The sluice water 
from the fly ash pond is overflowed by gravity to the final pond 
for holding and recirculation to the Jet pu111ps and ESP hoppers. 
The final pond also contains bottom ash sluice water. The same 
discharge point exists for the fly ash system as for the bottom 
ash. The final pond and recycle lines were retrofitted in 1974 
in order to collect the discharge streams in one location for 
treatment purposes. The distance from the ESP hoppers to the fly 
ash ponds is approxinat:ely 1, 500 feet. The fly ash is sluiced 
six times a day in 12-inch diameter sluice lines of cast basalt 
construction for 45-minute sluicing intervals. Thii::-ty fly ash 
hoppers collect the fly ash at the ESP for Unit 12 and 12 hoppers 
collect for Units 4, 5, and 6. 

Since the coal-fired boilers are all cyclone type, a snall per
centage of fly ash is produced relative to the bottom ash. In 
1978, approximately 48,600 tons of fly ash was produced which 
represents 26 percent of all the ash produced. This fly ash is 
cleaned out of one pond annually and is trucked to a landfill 
site by an outside firm. 

The sluicing Jets and recirculation pumps are the priMary mainte
nance i terns for this system. Minor erosion has caused some 
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maintenance problems. 
to be prevalent. 

Scaling and corrosion have not been found 

Physical/Chemical Treatment of Fly Ash Pond Overtlows from Wet, 
Once-Through Systems . 
Wet, once-through systems with ponding are commnly used for ash 
handling. Typically, sluiced fly ash is sent to primary and 
secondary ponds arranged in series where settling of the larger 
particles occurs. The overflow from the secondary pond is then 
discharged. Physical/chemical treatment of the ash pond overflow 
may be employed to remove trace metals before the sluice water is 
discharged. This section describes physical/chemical treatment 
and the equipment involved and assesses the effectiveness of 
physical/chenical trea t.ment in removing arsenic, nickel, zinc, 
copper, and selenium from ash pond overflo~s. 

I 

Process Description. Metals typically are removed from waste
water by raising the pH of the wastewater to precipitate them out 
as hydroxides. Lime is frequently used for pH adJustMent. A flow 
diagram of a typical physical/chemical treatment system for 
metals removal using !nae is shown in figure VII-36. The maJor 
equipment items include a lime feed system, mix tank polymer feed 
system, flocculator/clarifier, deep bed filter, acid feed system, 
and another mix tank. The underflow frorn the clarifier may 
require additional treatnent with a gravity thickener and a 
vacuun filter to provide sludge which can be transported economi
cally for landfill disposal. Typically, wastewater pH's of 9 to 
12 are required to achieve the desired precipitation levels. 
Lime dosage rates, flocculant dosage rates, and clarifier design 
paraneters are determined by Jar tests and onsi te pilot test on 
the ash sluice water discharge. 

Equipnent. Typically, hydrated or pebble lime is used to raise 
low pH systems to the desired pH. Hydrate lime feed systems are 
used when lime feed rates are less than 250 pounds per hour (41). 
Pebble lime feed systems are used for lime feed rates greater 
than 250 pounds per hour. A typical pebble lime feed system is 
illustrated in figure VII-37. For larger systems, the reduced 
chemical cost and ease of handling of pebble lime make the pebble 
lime systems more desirable. 

Wastewaters which have a pH greater than 9 after lime addition 
will require acid addition to reduce the pH before final dis
charge. The systen differs from lir1e feed systems in that the 
acid is de! ivered to the plant as a liquid. The feed system 
equipment must be constructed of special naterials, typically 
rubber or plastic-lined carbon steel or stainless steel alloys. 
Acid addition rates for pH adJustment are highly dependent upon 
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wastewater flow, pH, alkalinity, and type and strenl)th of acid. 
Dosage rates are deternined by laboratory or onsite testing. 

For wastewaters which have a pH of less than 6, ruxers and mixing 
tanks are made of special na terials of construction (stainless 
steel or lined-carbon steel). For waste\1aters with pH's greater 
than 6, concrete tanks are typically used. 

Polyner addition nay be required to enhance the settling charac
teristics of the metal hydroxide precipitate. Typical polyner 
feed concentrations in the wastewater are 1 to 4 ppm. The 
required polymer addition rate is determined using laboratory or 
onsite testing. 

The metal hydroxide precipitate is separated from the wastewater 
in the clarifier. Unlike settling ponds, these units continu
ally collect and remove the sludge formed. To deternine the size 
of the unit required, laboratory settling tests are required. 
These tests will define the required surface area. Typically, a 
2- to 3-hour wastewater retention time will be required ( 39). 
Clarifier diameters range from 10 to 200 feet with average side 
water depths of 10 to 15 feet (39). 

Filters are typically used for effluent polishing and can reduce 
suspended solids levels below 10 mg/l. Figure VII-38 illustrates 
a typical deep bed filter. Sand or coal are the nost common f il
ter media. Hydraulic loading rates of 2 to 20 gpm per square 
foot of bed cross sectional area are common. High reraoval eff i
ciencies require lower hydraulic loading rates. For general 
design purposes, a hydraulic loading of 5 gpm per square foot of 
filter area is typical. As the filter nedium becomes plugged 
with suspended solids, the pressure drop across the bed 
increases. At 10 to 15 psi bed differential pressure, the bed is 
automatically backwashed with water and air to remove the trapped 
suspended solids. Typically, 6 to 8 scfm of air and 6 to 8 gpm 
of water are required to backwash a square foot of bed cross sec
tion. Total backwash water consumption is usually in the range 
of 150 to 200 gallons per square foot of filter surface area. 
Backwash frequency can range from 1 to 6 times per day for normal 
operations. For backwash systems using only water, 15 to 20 gpn 
per square foot of filter area is requred with a backwash water 
rate of 400 to 500 gallons per square foot of filter area (39). 

Gravity thickeners are essentially identical to clarifiers in 
design. Sludge enters the middle of the thickener and the solids 
settle into a sludge blanket at the bottom. The concentrated 
sludge is very gently agitated by a noving rake which dislodges 
gas bubbles and keeps the sludge noving to the center well 
through which it is removed. The average retention time of 
sol ids in the thickener is between 0. 5 and 2 days ( 4 2). Most 
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continuous thickeners are circular and are designed with side 
water depths of 10 feet ( 42). In thickening of line sludge froR 
liMe tertiary treatment, incoming sludge of l to 2 percent solids 
has been thickened to 8 to 20 percent solids at solids loadings 
of 200 ppd/feet2 (43). 

Vacuura filtration is a common technique for dewatering sludge to 
produce a cake that has good handling properties and minimum 
volume. The vacuura filter typically consists of a cylindrical 
drum that rotates with the lower portion of the drum submerged in 
the feed sludge. The drum is covered with a porous filter 
medium. As the drum rotates, the feed liquor is drawn onto the 
filter surface by a vacuum that exists on the drun interior. The 
liquid passes through the filter and the sludge forms a cake on 
the surface of the drum. The cake is separated from the filter 
by a scrape~. Generally, vacuum filters are capable of dewater
ing a 2 to 4 percent solids feed to a filter cake with a concen
tration of 19 to 36 percent solids. Typical solids loading rates 
r'lay vary frora 3 to 14 pounds per hour feet squdred for lime 
sludges. 

Effectiveness. A review of the literature on trace metals 
renoval from various wastewa ters using physical/chemical treat
ment was conducted for arsenic, nickel, zinc, copper, and sele
niuM. The results of this literature review and the results of 
benchscale studies of trace metal removals in ash pond over
flows are discussed in this subsection. 

Arsenic. Arsenic and arsenical compounds have been reported as 
waste products of the metallurgical industry, pesticide produc
tion, petroleum refining, and the rare-earth industry. High 
levels of arsenic also have been reported in raw municipal 
wastewater. Arsenic occurs in four oxidation states, but it is 
found primarily in the trivalent (arsenite) and pentavalent 
(arsenate) forms. It is found in organic and inorganic com
pounds. The inorganic compounds are generally more hazardous 
than the organic compounds, and the trivalent form is generally 
more toxic than the pentavalent form. Information on the con
ventional coagulant and lime-softening processes indicates that 
removal is valance dependent (44). 

While only limited infornation is available on the concentration 
of arsenic in industrial wastewater and on current treatment 
processes, more up-to-date infornation is available on the 
removal of arsenic in municipal wastewater. One study (45) of 
the line softening process indicates removals of approxinately 85 
percent. In particular, the lime softening process was found to 
reduce an initial arsenic concentration of 0.2 mg/l down to 0.03 
mg/l. Simple filtration through a charcoal bed reduced the sarae 
initial arsenic concentration to O. 06 mg/l. Results from another 
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pilot plant study (45) for removal of arsenic in municipal waste
waters indicate removal efficiencies of 96 to 98 percent (final 
effluent concentration = O. 06 mg/l). The treatment involved 
addition of coagulant (ferric sulfate), followed by flocculation, 
settling, dual media filtration, and carbon adsorption. 

The Hater Supply Research Division (WSRD) of EPA recently com
pleted pilot plant studies on arsenic removal ( 44). In one 
study, sample effluents were pm11ped to a rapid-mix tank then 
flowed by gravity through coagulation, flocculation, and sedi
mentation steps to filter columns. WSRD reported removals as 
high as 96 percent for an initial concentration of 0.39 mg/l of 
arsenate and 82 percent for an initial concentration of 0.12 mg/l 
of arsenite. The study confirmed that: 

I 

I 
o Arsenic V is more easily removed than Arsenic III by aluM 

and ferric sulfate coagulation. 

o Ferric sulfate is more effective for removal of Arsenic 
III. 

The average removal efficiency of Arsenic V was approxinately 69 
percent (minimuM removal = 11 percent, maximum removal = 96 per
cent). The average removal efficiency of Arsenic III was approx
imately 48 percent (minimum removal = 1 percent, maximuM reraoval 
= 82 percent). WSRD also investigated the use of lime softening 
techniques. Removals of 71 percent for Arsenic III and 99 per
cent for Arsenic V were reported after settling and dual-r1edia 
filtration. The average removal efficiency for Arsenic III was 
about 50 percent; and for Arsenic v, about 76 percent. 

In pilot plant studies in Taiwan, the only technique continuously 
capable of high arsenic removal was ferric chloride coagulation, 
preceded by chlorine oxidation (for oxidation of Arsenic III to 
Arsenic V), followed by sedimentation and filtration (44). Based 
on these studies, a full-scale arsenic removal plant for treat
ment of municipal wastewater, handling 150 m3/day of water, was 
built in Taiwan. During the first 59 days of operation, 82 to 
100 percent removal was achieved (with initial concentrations 
from 0.60 to 0.94 mg/l). ' 

In a bench scale study conducted for EPA of priority heavy metals 
removal, chemical precipitation was evaluated for arsenic renoval 
from three ash pond effluents (48). This treatment method proved 
effective in reducing arsenic to the analytical detection limit. 
The results of this study are presented in greater detail later 
in this section. 

A summary of arsenic treatment methods and removals is shown in 
table VII-15. 
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Table VII-15 

ARSENIC REMOVAL FROM MUNICIPAL WASTEWATERS (44, 45) 

Initial Arsenic Final Arsenic 
Concentration Concentration Percent 

Treatment Method (mg/l) {mgL12 Removal 

Lime Softening 0.2 0.03 85 

Lime Softening 

As v 0.58 99 
As III 0.34 0. 1 0 71 

Coagulation with 1.5-3.0 0.06 96-98 
Ferric Chloride 

Coagulation with 
Ferric Chloride 

As V 0.39 0.02 96 
As III 0.12 0.02 82 

Chlorine Oxidation 0.06-0.94 82-100 
and Ferric Chloride 
Coagula tio11 

Charcoal Ftltration 0.2 0.06 70 
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Nickel. Wastewaters containing nickel are found primarily in the 
metal industries, partLcularly in plating operations. A list of 
industries and their average wastewater nickel concentrations is 
given in table VII-16. Nickel exists in wastewater as the 
soluble ion. In the presence of complexing agents such as 
cyanide, nickel may exist in a nore soluble conplexed form; 
therefore, pretreatment to remove these agents may be necessary. 
The formation and precipitation of nickel hydroxide is generally 
the basis for destructive treatment of nickel wastes (as opposed 
to carbonates and sulfates, which are used in the recovery of 
nickel). Table VI I-1 7 summarizes actual ful 1-scale results of 
lime precipitation. The theoretical solubility limit for nickel 
is approximately 0.001 mg/l (46). Complete removal of nickel has 
been reported with ion exchange treatments. Though this is 
generally more expensi~Te, the cost is offset by the value of the 
recovered nickel. Since recovery of nickel from ash pond 
effluents is not practical, such a treatment would probably be 
uneconomical for steam electric powerplants. 

Pilot plant studies (45) have been conducted on the use of 
reverse osmosis for removal of nickel from wastewater. The 
studies indicate removals of greater than 99 percent. It should 
be noted, however, that reverse osmosis units typically blowdown 
10 to 40 percent of the volume of wastewater treated. Reverse 
osmosis simply concentrates naterials in a dilute stream. 

Zinc. Waste concentralions of zinc range from 1 to 1,000 mg/l in 
various waste streams described in the literature, but average 
values fall between 1 and 100 mg/l as shown in table VII-18. 
Table VII-19 sumnar1zes published precipitation treatment 
results. As with nickel, cyanide forms a more soluble complex 
ion with zinc; therefore, cyanide treatement may be required 
before precipitation of zinc. 

A treatment combining hydroxide and sulfide precipitation of 
heavy metals, known as the "Sulfex" process, has reported effec
tive removal of zinc, chromiun, and other trace metals. The 
Sulfex process has been used to treat water rinses following 
carburetor-casting treatment tanks in an automotive plant in 
Paris, Tennessee. The waste stream in this plant has a zinc con
centration of 34 mg/l. Treatment has resulted in a filtered 
effluent concentration of less than 0.05 mg/l of zinc (47). 

Copper. Prinary sources of copper in industrial waste streams 
are metal process pickling and plating baths. For a given bath, 
the rinse water concenlration will be a function of many factors, 
such as drainage time over the bath, shape of the parts, surface 
area of the parts, and the rate of rinse water flow. Untreated 
process waste water concentrations of copper typical of plating 
and metal processing operations are summarized in table VII-20. 
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Table VII-16 

SUMMARY OF NICKEL CONCENTRATIONS IN METAL 
PROCESSING AND PLATING WASTEWATERS (45) 

Industr_y 

Tableware Plating 

Silver bearing waste 
Acid Waste 
Alkaline waste 

Metal Finishing 

Mixed wastes 
Acid wastes 
Alkaline wastes 
Small parts fabrication 

(mg/l) 

Combined degreasing, pickling and 
Ni dipping of sheet steel 

Business Machine Manufacture 

Plating wastes 
Pickling wastes 

Plating Plam 

4 different plants 
Rinse waters 
Large plants 
5 different plants 
Large plating plant 

Automatic plating of Zinc base 
castingf; 

Automatic plating of ABS type 
plastics 

Manual barrel and rack 
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Nickel Concentration 

Range 

0-30 
10-130 
0.4-3.2 

17-51 
12-48 
2-21 
179-184 
3-5 

5-35 
6-32 

2-205 
2-900 

Average 

5 
33 
1.9 

181 

1 1 
1 7 

up to 200 25 
5-58 24 
88 (single 

waste stream) 
46 (combined 

flow) 
45-55 

30-40 

15-25 



Source 

Tableware Plating 

w 
co 
O' 

Appliacne Manu-
f acutring 

Off ice Machine 
Manuf acutring 

Non-Ferrous Metal 

Plating 

Record Changer 
Manufacturing 

Table VII-17 

SUMMARY OF EFFLUENT NICKEL CONCENTRATIONS AFTER 
PRECIPITATION THREATMENT (45) 

Nickel Concentration (mg/l) Precent Removal 

Initial Final 

21 0.09-1.9 91-99.6 

35 0.4 98.9 

39 0.17 99.6 

0.5-0.13 

46 0.8 

0.1-0.2 

Comment 

FeCl3 + 
Sand Fi.ltra-
tion 

6 hour Works 
settling 

6 hour 
detention i.n 
clarifier 



Table V-18 

CONCE~1TRATIONS OF ZINC IN PROCESS WASTE1'.VATERS ( 45) 

(rng/1) 

Industrial Process 

Metal Processing 

Bright dip wastes 
Bright nu.11 wast es 
Brass mill wastes 
Pickle bath 
Pickle bath 
Pickle bath 
Aqua foxtis and CN dip 
Wire mil] pickle 

Plating 

General 
General 
General 
General 
Zinc 
Zinc 
Zinc 
Brass 
Brass 
General 
Plating on zinc castings 
Galvanizing of cold rolled steel 

Silver Plating 

Silver bearing wastes 
Acid waste 
Alkaline 

Raven Wastes 

General 
General 
General 
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Zinc Concentration 
Range Average 

0.2-37.0 
40-1 ,463 
8-10 
4. 3-41 • 4 
0. 5-3 7 
20-35 
10-15 
36-374 

2.4-13.8 
55-120 
15-20 
5-10 
20-30 
70-150 
70-350 
11-55 
10-60 
7.0-215 
3-8 
2-88 

0-25 
5-220 
0.5-5.1 

250-1000 
20 
20-120 

8.2 

15 

46.3 

9 
65 
2.2 



Table VII-19 

SUMMARY OF PRECIPITATION TREATMENT RESULTS FOR ZINC (45, 47) 

Source Zinc {mg[l} Percent Removal Comment 
Initial Final 

Zinc Plating 0.2-0.5 

General Plating 18.la. 2.0 89 

General Plating 0-6 Sand Filtration 

General Plating 55-120 (1.0 99 
w 
CX> 

Vulcanized Fiber 100-300 (1.0 99 CX> 

BrdSS Wire Mill 36-374 0.08-1.60 99 Integrated 
Treatment for 
Copper Recovery 

Tableware Plant 16.1 0.02-0.23 99 Sand Filtration 

Viscose Rayon 20-120 0.88-1 .5 

Viscose Rayon 70 3-5 93-96 

Viscose Rayon 20 1.0 95 

Metal Fabrication 0.5-1 .2 (1 ) Sedimentation 
0.1-0.5 (2) Sand Filtration 

Automotive Industry 34 0.05 99 
(Sulfex Process) 



Table VII-20 

COPPER CONCENTRATIONS IN WASTEWATER FROM METAL PLATING 
AND PROCESSING OPERATIONS 

Process 

Plating Rinse 
Plating Rinse 
Plating Rinse 
Plating Rinse 
Plating 
Plating 
Plating 
Plating 
Plating 
Plating 
Appliance Manufacturing 

Spent Acids 
Alkaline Wastes 

Automobile Heater Production 
Silver Platl.ng 

Silver Bearing 
Acid Wastes 
Alkaline Wastes 

Brass Plating 
Pickling Bath Wastes 
Bright Dip Wastes 

Plating Wastes 
Pickling Wastes 
Brass Dip 
Brass Mill Rinse 
Brass Mill Rinse 

Tube Mill 
Rod and Wire Mill 

Brass Mill Bichromate Pickle 
Tube Mill 
Rod and Wire Mill 
Rolling Mill 
Copper Rinse 
Brass Mill Rinse 

(mg/l) 
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Copper Concentration 

20-120 
0-7.9 
20 (ave.) 
5.2-41 
6.4-88 
2.0-36.0 
20-30 
10-15 
3-8 
11 • 4 

0.6-11.0 
0-1 • 0 
24-33 (28 ave.) 

3-900 (12 ave.) 
30-590 (135 ave.) 
3.2-19 (6.1 ave.) 

4.0-23 
7.0-44 
2.8-7.8 (4.5 ave.) 
0.4-2.2 (1.0 ave.) 
2-6 
4.4-8.5 

74 
888 

13.1 
27.4 
12.2 
13-74 
4.5 



Table VII-20 (Continued) 

COPPER CONCENTRATIONS IN WASTEWATER FROM METAL PLATING 
AND PROCESSING OPERATIONS 

Process 

Brass and Copper Wire Mill 
Brass and Copper Pickle 
Brass and Copper Bright Dip 
Copper Mill Rinse 
Copper Tube Mill 
Copper Wire Mill 
Copper Ore Extraction 
Gold Ore Extraction 
Acid Mine Drainage 
Acid Mine Drainage 
Acid Mine Drainage 
Acid Mine Drainage 

(mg/l) 
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Copper Concentration 

72-124 
60-9 
20-35 
19-74 
70 (ave.) 
800 (ave.) 
0.28-0.33 
20 
3.2 
3.9 
0.12 
51.6-128.0 



As with fTlost heavy metal wastes, treatment processes for removal 
of copper May be of a destructive nature, involving precipitation 
and disposal of resulting solids, or of a recovery nature, e.g., 
ion exchange, evaporation, and electrolysis. Ion exchange or 
activated carbon are appropriate treatment ;ie thods for waste
wa ters containing copper at concentrations less than 200 ng/l; 
precipitation is applicable for copper levels of 1. O to 1, 00 0 
mg/l, and electrolytic recovery is advantageous for copper treat
ment at concentrations above 10,000 mg/l (45). 

Generally, hydroxide precipitation is accomplished by lime addi
tion to an acidic wastewater. The theoretical solubility limit 
of the metal ion is approximately 0.0004 ng/l at a pH of approx
imately 9.0 (46). Theoretical levels are seldom achieved due to 
colloidal precipitates, slow reaction rates, pH fluctuations, and 
the influence of other ions. Reported treatfTlent levels achieved 
by full-scale industrial treatment operations are presented in 
table VII-21. 

Selenium. Industries which use selenium include paint, pigment 
and dye producers, electronics, glass manufacturers, and insecti
cide industries. Selenium is similar to arsenic in several ways. 
For example, the two predominant oxidation states in water are 
Selenium IV (selenite) and Selenium VI (selenate) and seleni ura 
appears in the anion form and thus has acid characteristics. 
Very little inforraation is available on levels of selenium in 
industrial wastewaters or treatment methods for seleniun wastes. 

Secondary municipal sewage treatment plants with 2 to 9 ug/l of 
seleni UJT\ in the effluent have been reported ( 4 5). A tertiary 
sequence of treatment which included lime treatment to pH 11, 
sedinentation, mixed-raedia filtration, activated carbon adsorp
tion and chlorination yielded selenium removals of 0 to 89 
percent. In another study (45), various advanced treatnents were 
tested for a sewage treatment plant effluent with a selenium con
centration of 2.3 ug/l. The investigators concluded that 
efficient re>moval -(>99 percent) could be achieved using a strong 
acid-weak base ion exchange system (45). 

Jar tests and pilot plant tests conducted by WSRD on the removal 
of seleniun from. ground and surface waters by conventional 
coagulation showed that seleniufTI removal is dependent on the 
oxidation state, initial concentration of seleniun, pH, and types 
and doses of coagulation ( 44). Removals range from 0 to 81 
percent using ferric sulfate and alum coagulants. In general, 
ferric sulfate was more efficient than alum in renoving Seleniun 
IV. Both ferric sulfate and alum yielded removals of 11 percent 
or less for Selenium VI. Initial selenium concentrations ranged 
from 0.03 to 0.10 mg/l. With dual media and granular activated 
carbon filters, removals as high as 80 percent were obtained for 
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Table VII-21 

COPPER REMOVAL BY FULL-SCALE INDUSTRIAL WASTEWATER 
TREATMENT SYSTEMS (45) 

Source and Treatment 

Metal Processing (Lime) 

Nonferrous Metal Processing 
(Lime) 

Metal Processing (Lime) 

Electroplating (caustic. 
Soda Ash + Hydrazine) 

Machine Plating (Lime + 
coagulant) 

Metal Finishing (Lime) 

Brass Mill (Lime) 

Plating 

Plating (CN oxidation, Cr 
reduction. neutralization) 

Wood Preserving (Lime) 

Brass Mill (Hydrazine + NaOH) 

Silver Plating (CN oxidation, 
Lime. Fe Cl3 

Initial 
Copper cone. 

(mg/l) 

204-385 

6.0-15.5 

10-20 

11 .4 

0.25-1.1 (range) 

75-124 

30 (ave.) 

Final Copper cone. 
(mg/l) 

0.5 

0.2-2.3 (prior to 
sand filtration) 

1.4-7.8 (prior to 
sand filtration) 
0.0-0.5 (after sand 
filtration) 

0.09-0.25 (sol.) 
0.30-0.45 (tot.) 

2.2 

0-12 (ave. 0.19) 

1-2 

0.02-0.2 

2.0 

0.1-0.35 

0.25-0.85 

0.16-0.3 (with sand 
filtration) 

Removal 
Efficiency 

(%) 

98.7-99.8 

82.5 

99-99.5 



Seleniura IV. WRDS also conducted pilot plant studies on lime
softening treatnents for selenium removal. The results indicate 
that this is not an effective treat!'lent for seleniun removal 
( 44). l•lSRD conducted studies which confirmed removals of greater 
than 99 percent using a cation-anion exchange system in series. 
Research on both laboratory and pilot plant scale is needed 
before feasibility of this treatment technique can be deternined 
(44). 

Ash Pond Overflows. The removal efficiencies which have been 
presented for arsenic, nickel, zinc, selenium and copper must be 
viewed with caution regarding application of removal efficiencies 
to fly ash and bottom ash pond discharges. Table VII-22 shows a 
comparison of the range of initial concentrations associated with 
the removal efficiencies which have been presented and the aver
age concentrations of trace metals in fly ash and bottom ash pond 
discharges. The average concentrations in fly ash and bottom ash 
ponds are Much lower than the ranges of initial concentrations 
contained in the literature; thus, the removal efficiencies do 
not necessarily reflect the efficiencies of such treatments for 
removal of trace metals in the ash ponds of steam electric 
powerplants. The final effluent concentration, however, would 
probably be lower for a powerplant because of the low initial 
concentration. 

Bench scale studies of various removal technologies for treatnent 
of ash pond effluents from steam electric powerplants have been 
conducted (48). Results of chemical precipitation treatments of 
the ash pond effluents from three powerplants located in Wyoming, 
Florida, and Upper Appalachia are shown in tables VII-23 and 
VII-24 for lime and lime and ferric sulfate addition, respec
tively. Arsenic removal appears to be reasonably good, ranging 
from 67 to less than 99 percent. Copper removals are variable, 
ranging from 31 to 80 percent. The efficiency of nickel removal 
is also uncertain. Seleniun removal is, in general, fairly poor. 
This is consistent with other studies cited earlier on removal of 
seleniun by chenical precipitation. The efficiency of zinc 
removal varies significantly from 14 to 92 percent. Though this 
study may indJcate that chemical precipitation has potential for 
effective removal of some trace netals frol'l ash ponds effluents, 
other studies are necessary to confirm these results. 

Ash/Sludge Disposal. The two primary methods of ash disposal are 
landfill and utilization. Only a few plants presently sell or 
use fly ash. Ash which has been collected dry or has been 
dewatered is disposed of by landfill. Figure VII-39 illustrates 
some common landfill methods. Equip!'len t requirements include 
closed trucks, graders, and bulldozers. ~isposal of dry fly ash 
poses some fugitive dust problems. Closed trucks are used to 
prevent fugitive dust e!'lissions enroute to the landfill site. At 
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Metal 

As 

Ni 

Zn 

Cu 

Se 

Table VII-22 

COMPARISON OF INITIAL TRACE METAL CONCENTRATIONS CITED 
IN STUDIES REPORTED IN THE LITERATURE AND TRACE METAL 

CONCENTRATIONS IN ASH POND DISCHARGES 
I 

(ppm) 

Inl.tl.al Average Average 
Concentratl.ons Bottom Ash Fly Ash 

Treated Concentratl.ons Concentratl.ons 

o.2oa to 3.oa a.a22 a.ass 
)21 a.a79 a.224 

18 to 374 a.a2a o.a34 
a.2s to 38S o.a12 a.oa3 

I 

a.01 to a.as o.ao4 o.aas 
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Table VII-23 

TRACE XETAL REMOVAL EFFICIENCIES FOR LI~E PRECIPITATION 
TREATMENT OF ASH POND EFTI..UENTS (48) 

Inlet Outlet Removal Efficiency 
(ppb) (ppb) io 

Arsenic 

Wyoming <1 1 DL 
Florida 9 1 89 
Appalachia 74 1 )99 

Copper 

Wyoming 80 23 71 
Florida 14 1 0 29 
Appalachia 26 12 54 

Nickel 

Wyoming 9.5 0.5 <95 
Florida 5.5 6.0 OGTI 
Appalachia 2.5 2.2 1 2 

Selenium 

Wyoming 3 3 DL 
Florida 8 8 NR 
Appalachia 42 52 OGTI 

Zinc 

Wyoming 300 31 90 
Florida 7 2 57 
Appalachia 11 <2 )82 

KEY· DL - Concentrations of both inlet and outlet are below 
the detection limit. 

OGTI - Outlet concentrations greater than inlet. 
NR - No removal. 
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Table VII-24 

TRACE METAL REMOVAL EFFICIENCIES FOR LIME PLUS 
FERRIC SULFATE PRECIPITATION TREATMENT OF ASH POND 

EFFLUENTS (48) 

Inlet outlet Removal Efficiency 
(ppb) ~PEb) % 

I 

Arsenic 

Wyoming (1 <1 DL 
Florida 9 3 67 
Appalachia 74 <1 )99 

Copper 

Wyoming 80 23 80 
Florida 14 7 so 
Appalachia 26 18 31 

Nickel 

Wyoming 9.5 10.5 )95 
Florida 5.5 9.0 OGTI 
Appalachia 2.5 2.0 20 

Selenium 

Wyoming 3 3 DL 
Florida 8 7 12 
Appalachl.a 42 32 24 

Zinc 

Wyoming 300 25 92 
Florida 7 6 14 
Appalachia 1 1 <2 )82 

KEY: DL - Concen~rations of both inlet and outlet are below 
the detection limit. 

OGTI - Outlet concentrations greater than inlet. 
NR - No removal. 
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the site, the ash should be wetted down after application to the 
landfill. 

Bottom Ash 

The technologies appltcable to bottom ash handling systens are: 

o dry bottom ash handlin~, 

o Hydrobin/dewatering bin systems, and 

o ponding with recycle. 

Dry Systems 

Dry handling of botton ash is generally typical of stoker-fired 
boilers. This method is used by 19 percent of those plants which 
reported a bottom ash system type in the 308 survey (including 
all types of plants). Stoker-fired boilers are generally used in 
relatively small capacity installations where snall amounts of 
bottom ash are handled. Since this technology represents a small 
and more obsolete sector of the industry, it is not addressed in 
further detail in this section. 

Complete Recycle Systems 

The term 11 c0Mplete recycle" describes a system which returns all 
of the ash sluice water to the ash collecting hoppers for 
recurrent use in sluicing. The key concept of complete recycle 
is that there is no continuous discharge of sluice water from the 
system. Virtually no syste~ is zero discharge from the standpoint 
of containing all ash handling \later onsi te because ash-laden 
water does leave the facility in a variety of ways. Water is 
occluded with the ash when trucked away to disposal. Under upset 
conditions, it is often necessary to discharge water. In some 
cases, small amounts of water from the ash handling system are 
needed elsewhere in the plant, typically for wetting fly ash 
handling trucks to prevent blowing of dry fly ash and for 
servicing the silo unloaders. Makeup water is required to 
maintain a steady water balance despite these inherent losses in 
the system. The magnitude of the makeup water requirement 
depends upon the maJor equipnent in the ash handling system. 

Technology Descriptions. 

Dewatering/Hydrobin SysteM (36). The various stages of a 
closed-loop recirculating system appear in figure VII-40. For 
the sake of clarity, some details have been omitted. Initially, 
as illustrated in figure VII-40a, the ash hopper is filled to its 
overflow line, and one dewatering bin (bin A) is partially 
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Figure VII- 40 (Continued) 
VARIOUS STAGES OF A CLOSED-LOOP RECIRCULATING SYSTEM (36) 
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filled with water. Enough water remains in the storage tank to 
start operating the systera after the ash hopper is filled with 
ashes. In the next stage, illustrated in figure VII-40b, the ash 
hopper has been filled with ashes, and the •1ater displaced by 
them has been pumped into the settling tank and overflowed into 
the storage tank. In the next step, shown in figure VII-40c, ash 
hopper cleaning is in progress in the right hand chamber. Ashes 
are pumped to the Dewaterin'J Bin A. As ash-water slurry enters 
the dewatering bin, an equal araount of water overflows to the 
settling tank and then to the storage tank. In figure VI I-40d, 
the ash hopper has been completely emptied. All of the water 
that had been in the ash hopper is now in the storage tank. The 
water in the storage tank is used to refill the ash hopper as 
shown in figure VII-40f. The water in the ash hopper is then 
available for filling Dewatering Din B as shown in figure 
VII-40g. The water volune in the settling tank renains constant 
while the volume in all other vessels varies during different 
phases of operation. 

Outside nakeup water is necessary to restore the water lost with 
the bottom ash discharged from the dewatering bins as well as 
water lost through evaporation from the botton ash hopper. 
Makeup usualJy is added at the storage tank. An emergency bypass 
can be installed between the settling tank and the storage tank 
to provide needed water in the event of temporary failure outside 
nakeup. 

In most cases, a closed-loop recirculating system shows a narked 
change in the pH of the recirculated water. This ph shift is 
tempered by the addition of nakeup water if it is added in 
sufficient quantity and is of good quality. A monitoring system 
and chemical additives can maintain recirculated water at as 
neutral a level as possible in order to keep pipe scaling or 
corrosion to a rnininum. 

Cases where pH ad]ustment is not sufficient for scale preven
tion, such as very reactive bottom ash or poor intake water 
quality, may require side stream lime/soda ash treatnent. The 
equipment for slip strean softening has been described in the 
section concerning physical/chemical treatnent of ash pond 
overflows from wet once-through fly ash handling systems. The 
magnitude of the flow rate of the slip strean is estimated to be 
about 10 percent of the total sluice strean. The use of slip 
stream softening in a dewatering bin system would create an 
additional solid waste stream as well as an additional water loss 
source which would require more nakeup water. Slip strean 
softening in a dewatering/hydrobin system is not a proven 
technology based on data from the 308 survey. 
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Bottom ash obtained from dewatering bins is considered "commer
cially dry" by vendors of this equipment (36, 39), i.e., on the 
order of 20 percent moisture. This degree of moisture can vary 
widely depending on the installation as well as within a 
particular plant. The ash is wet enough for transport to a 
landfill site in an open truck without creating a fugitive dust 
problem, and at the landfill site, there is no need to wet the 
ash down. Some dust problems may occur with certain western coal 
ashes since these tend to contain relatively more fines than 
eastern coal ashes (39). 

' 
I 

A dewatering/hydrobin system which contains a slip stream 
softening system produces a sludge waste stream which requires 
disposal. This waste is produced at a much lower rate than is 
the bottom ash and has a higher moisture content. 

Ponding System. Approximately 81 percent of all plants which 
replied in the 308 survey designated ponding as their botton ash 
handling method. Of these, approximately 9 percent designated 
either complete or partial recycle. 

A ponding recycle system for bottom ash is illustrated in figure 
VII-41. The ash or slag collected in the bottom ash hopper which 
is filled with water is ground down to a sluiceable size range by 
clinker grinders at the bottom of the hopper. Depending on the 
size of the boiler, the bottom ash hopper nay have two or three 
11 pantlegs, 11 or discharge points. At each pantleg there may be 
one or two clinker grinders. Larger facilities usually have 
three pantlegs and two clinker grinders at each pantleg ( 39). 
Smaller facilities have two pantlegs and one clinker grinder at 
each leg. Double roll clinker grinders can generally handle from 
75 to 150 tons per hour of ash with drives from 5 hp to 25 hp 
depending on the material to be crushed and required system capa
city. A smaller grinder that can handle 20 tons per hour or less 
uses a single roll with a stationary breaker plate. 

After being crushed, the ash is fed into an adopter or sump frrnn 
which it is pumped by one of two types of pumping devices, a 
centrifugal punp or a Jet pump. Pumps and piping have already 
been discussed in the subsection on partial recirculating fly ash 
systems. 

A series of ponds are usually used for bottom ash settling. A 
primary pond accumulates most of the slu,iced bottom ash. The 
sluice water then flows by gravity to a secondary settling pond. 
over flow from the secondary pond goes to a final or clear pond 
which is used as a holding basin for the recirculating water. 
Pond sizes cover a wide range depending on the plant size, the 
araount of bottom ash produced (boiler type), pond depth, required 
holding time (which is a function of the solids settling rate), 
and the amount of land available. Typi,cally the prinary and 
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secondary ponds are dual systems so that dredging does not 
interfere with operation. For instance, a plant may have two 
primary and secondary ponds. One primary and one secondary are 
dredged annually to remove the settled solids while the other two 
ponds are in operation. 

Facilities may be made available to provide for a discharge of 
sluice water from the recycle line. A makeup water strean will 
be necessary due to water losses inherent in the systel'1. The 
most significant water losses occur in percolation through the 
floor of unlined ponds and evaporation of pond water. A pond 
system maintained at a steady-state water balance without 
discharging is considered a zero discharge or coraplete recycle 
systen. A partial recycle system maintains a discharge either on 
a continuous basis or for upset conditions. 

Botton ash recovered from ponds by dredging does not create fugi
tive dust probleMs because of the high raoisture content of the 
ash. Disposal of bottom ash may be achieved by any of the con
ventional landfill methods discussed in the fly ash subsection. 

Evaporation Ponds. In cases where pH adJustnent can not 
adequately prevent scale, an alternative to slip streaM softening 
is the release of sor.ie of the ash sluice water as a blowdown 
stream. In cases where it is difficult to maintain a steady 
water balance in a complete recycle system, occasional discharge 
of ash sluice water may be necessary. The use of evaporation 
ponds to contain blowdown streans from dewatering bin systems is 
an option for achieving zero discharge under these conditions. 
This option has been successfully exercised in the western part 
of the United States where high net evaporation rates are 
indigenous. Two of the plants visited attained zero discharge by 
using a blowdown to evaporation ponds from aewatering bin 
systems. 

I 

Retrofitting. The primary reasons for retrofitting complete 
recycle systens are: 

o A shortage of water requiring minimal consumption, 

o State or local regulations governing a reduction in 
wastewater pollutants, and 

o A market for dewatered slag. 

Some of the piping from the old system is reusable in the 
retrofitted system, although difficulties may be encountered in 
rerouting old pipe. Of course, difficulty may be encountered in 
integrating any other system discharge with the bottom ash 
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recycle loop, e.g., SUI'lf) discharge and cooling tower blowdown. 
Plant downtime would be required for the hook-up of the 
retrofitted dewateriny bin systel"l, resulting in a ter:iporary 
reduction in generating capacity. In addition, sor:ie downtir:ie nay 
occur during the debugging period. For some plants, debugging 
nay last up to a year. The land required to retrofit a 
dewatering bin system is: 

o Approximately l acre to contain the dewatering bins, 
settling tank, surge tank, and pul"lp houses; and 

o Landfill area for bottom ash disposal. 

A plant that used a pond system prior to 
dewatering bin systel"l probably would have 
disposal of the dewatered bottom ash. 

the re tr of it of 
land available 

the 
for 

Utilization of Complete Recycle Systems. Data from the 303 sur
vey provided a list of plants which reported wet recirculating 
bottom ash handling systems and zero discharge of ash transport 
water. EPA teleponed each of these 14 plants to confirm the data 
submitted on the 1976 data forTT\. The results of the telephone 
contacts appear in table VII-25. Specific details of plant 
designs are discussed below. 

This inforMation has not been positively confirmed for all 14 
plants. The only method of positive confirmation is site inspec
tion but time and budget constraints precluded visitation of all 
14 plants. Four of the the most likely plants were visited. 

Plants 4813, 3203, 1811 and 0822, handle and dispose of bottom 
ash col'lpletel.1 separately from fly ash. The plants enploy dry 
fly ash handling and complete recirculation of bottom ash 
transport water. The plants are located in Texas, Indiana, 
Nevada, and Colorado. The facilities in Nevada and Colorado make 
use of high evaporation rates in those locations to achieve zero 
discharge while allowing for some blowdown fron the systems. The 
fuels burned at these plants include lignite and bituminous coals 
with the ash contents ranging from 9. 7 percent to 11. 5 percent. 
The boiler types include both pulverized coal boilers and cyclone 
boilers, giving a bottom ash to fly ash ratio from 20: 80 to 
90:10. These plants represent zero discharge designs; while the 
absolute number of plants identified as achieving zero discharge 
from this study is small, they do present a representative mix of 
location fuel type and boiler type. 

Plants 4813, 3203, and 0822 use hydrobins or dewatering bins to 
separate the bottom ash particles from the sluice water. In each 
case, the sluice water overflows the weir at the top of the bin 
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Plant 
Code Location 

2903 Missour1 

2705 Minnesota 

2413 Maryland 

4813 Texas 

Table VII-25 

DATA SUMMARY OF PLANTS REPORTING ZERO DISCHARGE OF 
BOTTOM ASH TRANSPORT WATER 

Fuel 

Bituminous 
(13.8% ash) 

Subb1tuminous 
(9io ash) 

Bituminous 
( 14. 6io ash) 

Lignite 
(10.4% ash) 

Boiler Type Ash Handling Systems 

Pulverized
Dry Bottom 

Pulverized
Dry Bottom 

Pulverized
Dry Bottom 

Pulverized
Dry Bottom 

- Fly Ash can be either 
dry transported to 
silo (for sale) or 
or sluiced to pond 

- Bottom Ash is sluiced 
to pond and water is 
recycled 

- Fly Ash removed in 
wet scrubber 

- Bottom Ash is sluiced 
to pond and some 
of sluice water is 
recycled 

- Dry Fly ash handling 
- Bottom ash sluiced to 

hydrobins overflow to 
surge tank and 
recycled 

- Dry Fly ash handling 
- Bottom ash sluiced 

either to hydrobins or 
primary settling ponds 
all sluice water is 
recycled 

Comments 

Not all sluice 
water is recy
cycled some is 
discharged to 
a river 

The Bottom Ash 
Sluice water 
not recycled 
serves as 
scrubber makeup 

Not all the 
sluice water is 
recycled some 
reaches central 
treatment plant 

Zero discharge 
of bottom ash 
sluice water 



Table Vll-25 (Continued) 

DATA SUMMARY OF PLANTS REPORTING ZERO DISCHARGE OF 
BOTTOM ASH TRANSPORT WATER 

Plant 
Code Location 

5102 Virginia 

Fuel 

Bituminous 
(17.8% ash) 

4229 Pennsylvania Bituminous 
(11.5% ash) 

4230 Pennsylvania 

2901 Missouri 

Bituminous 
(10% ash) 

Subbituminous 
(25% ash) 

Boiler Type 

Pulverized
Dry Bottom 

Pulverized
Dry Bottom 

Pulverized
Dry Bottom 

Pulverized
Wet Bottom 

Ash Handling Systems 

- Dry Fly ash handling 
- Bottom ash is sluiced 

to a pond and all pond 
water is recycled 

- Dry Fly ash handling 
- Bottom ash is sluiced 

to a pond some of the 
water is recycled 

- Wet Fly ash handling 
with recirculation of 
water 

- Bottom ash sluiced to 
a pond, some of the 
water i8 recylced 

- Fly ash is sluiced to 
settling pond water is 
recycled 

- Bottom ash i8 sluiced 
to settling pond and 
water is recycled 

Comments 

Drains carrying 
discharges from 
ash hoppers and 
pumps go to 
central treat 
ment facility 
and are 
discharged 

Not a zero dis
charge facility 

Not a zero dis
charge system 
facility, ash 
transport water 
goes to tredt
ment facility 

Combined ash 
pond, all water 
is recycled
zero discharge 
of ash trans
port water 



Plant 
Code 

3203 

1811 

1809 

3626 

Location 

Nevada 

Indiana 

Indiana 

New York 

Table VII-25 (Continued) 

DATA SUMMARY OF PLANTS REPORTING ZERO DISCHARGE OF 
BOTTOM ASH TRANSPORT WATER 

Fuel 

Bituminous 
(9.69% ahs) 

Bituminous 
(11.54io ash) 

Bituminous 
(13.72io ash) 

Bituminous 
(17.7% ash) 

Boiler Type 

Pulverized
Dry Bottom 

Cyclone
Wet Bottom 

Cyclone
Wet Bottom 

Pulverized
Dry Bottom 

Ash Handling Systems 

- Dry Fly ash handling 
- Bottom ash is sluiced 

to dewatering bins and 
water ts recycled 

- Dry Fly ash handling 
- Bottom ash is sluiced 

to a pond, water is 
recycled recycled 

- Fly ash is wet sluiced 
to ponds overflow goes 
to recycle 

- Bottom ash is wet 
sluiced to holding 
pond overflow to 
recycle 

- Dry Fly ash handling 
- Bottom ash wet sluiced 

to hydrobins, overflow 
to surge tank and 
recycled 

Comments 

Blowdown from 
bottom ash 
sluicing system 
goes to evap. 
ponds 

Zero discharge 
design however 
blowdown is 
removed at times 
when water 
balance problems 
occur 

_ Recycle serves 
both fly ash and 
bottom ash 
sluicing opera
tions, zero dis
charges except 
under upset 
conditions 

Some water is 
discharged due 
to water balance 
problems 



Plant 
Code 

2415 

0822 

Location 

Maryland 

Colorado 

Table VII-25 (Continued) 

DATA SU~..MARY OF PLANTS RiPOkTING ZERO DISCHARGE OF 
BOTTOM ASH TRANSPORT WATER 

Fuel 

Bituminous 
(1~.58% ash) 

Bituminous 
(10.66ia ash) 

Boiler Type 

Pulverized
Dry Bottom 

Pulverized
Dry Bottom 

Ash Handling Systems 

- Dry Fly ash handling 
- Bottom ash wet sluiced 

some of water is 
recycled 

- Dry Fly ash handling 
- Bottom ash is wet 

sluiced to hydrobins 
dnd overflow goes to 
recycle basin 

Comments 

Not a ~ero dis
charge plant, 
sluiced Wdter is 
treated prior to 
discharge 

Blowdown from 
sluice system is 
sent to evapora
tion pond 



and gravity flows to a surge tank which supplies the suction side 
of the recycle or recirculation pumps. Makeup water to compen
sate for evaporation, water lost from pump seals, water lost from 
the ash hopper locks, water occluded with the bot tom ash and 
other spills and leaks is added at some point in each system 
depending on the plant. Accurate control of makeup water is an 
important factor in achieving zero discharge. If the actual 
makeup rate exceeds the required f"lakeup rate, a system upset 
occurs which causes discharge of ash transport water. Such 
upsets do occur in most systems from tirae to time, but do not 
constitute normal operating procedure. Plant 0153 has settling 
ponds backing up the hydrobins. Bottom ash can be sent to either 
system. One pond serves as a recycle tank from which 
recirculating sluice water is drawn. 

Plant 1811 uses a pondLng system to separate the bottom ash from 
the sluice watere Once side of the settling pond is wide and 
gradually inclined. The ash 1s sluiced to this open area \1here 
the heavy material forms a pile. The sluice water drains into a 
final settling pond at the base of the incline. The recircula
tion punps draw suction from this pond. All system drains and 
leaks are sent to this pond. 

Plants 2901 and 1809 sluice both fly ash and bottom ash. These 
two sluice waters are ponded prior to recycle. In both cases, 
the priMary settling ponds for fly ash and bottom ash are sepa
rate ponds. The overflow from these ponds gravity flows to a 
final settling pond. Both plants are zero discharge designs. 
Only under upset cona l tions is ash handling water discharged. 
The plants are located in rhssouri and Indiana and burn a 
subbituminous coal with 25 percent ash and a bituminous coal with 
13.7 percent ash. Both plants have cyclone boilers which give a 
bottom ash to fly ash ratio of 90:10. 

The remaining plants employ some continuous blowdown or discharge 
from the recirculating bottom ash sluicing systems. These plants 
have very low discharge rates but are not zero discharge 
facilities. Only one plant, 4429, was designed to be zero dis
charge but was unable to close the water balance due to problems 
in accurately monitoring the makeup water requirement. An addi
tional plant, 2750, was not intended to be a closed--loop bottom 
ash sys tern since the scrubber makeup is drawn from the recycle 
tank. If the scrubber loop can be operated in a closed-loop or 
zero discharge mode, this plant could be considered a zero dis
charge facility from the standpoint of ash handling. It could 
not, however, be representative of achie;vable complete recycle 
technology for bottom ash handling. 

Each plant contact was asked if any scaling or corrosion problems 
had resulted from the recirculation mode of operations. Only one 
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plant, 2750, indicated that scaling in the rec1rculat1on line 
might be a problen. No such proble.!'1s have been encountered 
however. The plants in the survey produce both alkaline ash and 
acid ash covering the range of chemical properties of ash 
handling waters. 

Trip Reports. Four plants were v1s1ted to conf 1r~ the bottom ash 
handling practices as zero discharge. Only two of the four 
plants were true zero discharge plants: 3203 and 0822. In both 
cases a blowdown from the bottom ash slu1c1ng systems (with 
dewater1ng bins) was observed; however, this blowdown was 
directed to evaporation ponds on plant property. The purpose of 
the blowdown was pr1mar1ly to ma1nta1n a steady-state water 
balance. The rena1n1ng two plants, 1811 and 1809, were confirmed 
as having discharges and were considered partial recycle plants. 

Abridged versions of the trip reports for these plants are con
tained in this subsection. A descr1pt1on of the bottom ash hand
ling syste.!'1, a d1scuss1on of retrof1tt1ng problems, a d1scuss1on 
of operating and maintenance problems, and a presentation of 
sampling and analysis work are provided for each plant. Detailed 
infornat1on concerning the analytical techniques is presented in 
Appendix D. 

Plant 3203. This plant is a 340-MW western b1 tun1nous coal
burn1ng fac1l1 ty that uses a dewater1ng bin (United Conveyor 
Corporation) bottom ash sluice recycle system w1 th a series of 
evaporation ponds. The plant f 1res a moderately low-sulfur coal 
(average 0.6 percent) with an average ash content of 12 percent 
and fluctuation to approximately 16 percent ash. The availabil
ity of the three boilers has historically averaged 86 percent 
annually. Water comes from two sources. During the summer, 
water is pumped from wells and during the winter, from a nearby 
river. The water is pumped ,to a reservoir for holding and then 
to the three cooling towers. Blowdown from the cooling towers 
accumulates in a storage tank. Water from this storage tank then 
feeds the three S02 scrubbers as well as the bottom ash 
sluicing syste~. The bottom ash storage tank receives water fron 
the cooling tower blowdown storage tank and from the plant drain 
sunp; the drain sump receives water from the area drains and 
boiler blowdown. A generalized flow diagram appears in tigure 
VII-42, which shows the maJor equipment and associated typical 
flow rates. 

The bottom ash sluicing system was designed and installed by 
United Conveyor Corporation. It was retrofitted to Units 1 and 2 
and was installed along with Unit 3. The system was designed for 
7 percent ash coal with capacity to handle a fourth unit, which 
was to be built at a later date. The bottom ash handling syste.!'1 
is currently operating at a greater-than-rated capacity due to 
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the higher-than-average ash coal being burned in the three units. 
The general flow scheme for this bottom ash recycle system is 
shown in f lgure VII-43. The bottom ash handling systeM processes 
approximately 77 tons per day of bottom ash as well as 1 ton per 
day of economizer ash for all three uni ts combined. The bot torn 
ash is pumped from the hoppers to the dewatering bins for 
approximately 4 hours per day, the economizer ash for 1 hour each 
day. It takes approxiraately 6 hours to dewater the botton ash in 
the bin to yield an ash moisture content of about 20 percent to 
50 percent. Approximately one truckload of dewatered bottom ash 
is hauled to the onsite disposal area per day. The number of 
loads per month varies from 30 to 40. The disposal area is 1 
mile from the plant. The hauling and placement of the ash is 
contracted to an outside firm. 

The naJor equipnent for the bottom ash recycle systen was bought 
from and installed by United Conveyor Corporation. The 
dewatering bins are 30 feet in diameter, with 5,000 cubic feet 
per bin. Two bins are used: one de\/a ters ash, while the other 
fills with ash. The drained-off water from the bins flows by 
gravity to a settling tank of 50 feet in diaMeter and a capacity 
of 145,000 gallons. Sludge pumps are provided beneath the 
settling tank to pump any settled solids back into the top of the 
settling tank. Overflow from the c:;ettling tank drains into the 
surge (or storage) tank, which is of the same diameter and 
capacity as the settling tank. The surge tank is operated, 
however, at 19,108 cubic feet, or 135,000 gallons. Sludge pumps 
beneath the surge tank pump any settled solids back into the 
settling tank. From the surge tank, water is pumped back to the 
bottom ash hoppers for subsequent sluicing. A Jet pump provides 
the pressure for transporting the ash to the dewatering bins. 
The length of pipe from the bottora ash hopper to the dewatering 
bin is approximately 500 feet for Unit 3 and 100 feet from Units 
1 and 2. The pipe diameter for this system is typically 10 
inches with a discharge pressure of 200 psi. The land area 
devoted to the dewatering bins, settling tank, and surge tank is 
approximately one acre; this does not include the pump house or 
pipe rack. The bottom ash is trucked to a 200-acre, onsi te 
landfill area. Side streans are taken from the bottom ash sluice 
lines which feed the fly ash dust conditioning nozzles and from a 
purge streaf'l. to the evaporator ponds. The purge flow rate is 
continuous and varies from approximately 50 to 100 gpm. 

The maintenance of the sluicing system has been nominal since 
installation in 1975. No chemical testing for scaling species 
has been done and no scaling has been observed to the extent of 
producing a malfunction in equipMent or line pluggage. Some 
ninor corrosion on valves has occurred and some punp repair has 
been needed due to minor erosion. 
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There is a problem with solids pluggage in the bottom of the 
settling tank. This is due to several inherent design aspects of 
the sys teI'l. The settling tank is not designed to remove large 
amounts of sludge. In this system, the plant drain sump 
discharges to the settling tank as well as the sludge from the 
surge tank. Adding to the problem is the fact that the system 
was designed to remove less ash than is currently being 
generated. Generation of fines is indigenous to western 
bitur.unous coal ash. These fines can plug the dewatering bin 
screens and overflow into the settling tank. A platform has been 
built over the settling tank to provide access for air lancing 
the solids 1n order to prevent sludge pump plugging. The 
settling tank sludge pumping capacity is to be doubled in the 
future to help reduce the load on the current punps. 

The entire bottom ash systeI'l requires two men per day for mainte
nance and one nan per sl11ft each day for operation of the system. 

The motivation for retrofitting the bottom ash recycle system was 
a general water shortage probleri associated with both wet once
through bottom ash and fly ash handling systems. At the time the 
bottom ash recycle system was installed, a pressure dry fly ash 
handling sys ter:1 and a third unit were also installed. Sealing 
problems tended to be more prevalent in the wet once-through 
system than in the current bottom ash sluice recycle system. 
Sone of the wet once-through system piping was reused in the 
installation of the new bottom ash system. A 2-week outage for 
Units 1 and 2 occurred when the retrofit systems were installed 
and maJor pipe rerouting was done. It took approximately a year 
to debug the fly ash and bottom ash systeI'ls as well as the new 
Unit 3. 

Samples were taken at three different locations in the bottom ash 
sluicing systeITJ.. These locations are shown in the bottom ash 
sluicing systeM diagram in figure VII-43 and are described as 
follows: 

o A sample was taken of a stream of water leaking through 
the slJde gate at the bottom of the dewatering bins, 

o A sample ~as taken of the recycle system makeup water from 
the cooling tQwer blowdown tanlc, and 

o A sample was taken at the recirculation pul'lp which pumps 
the ash transport water back to the botton ash hoppers. 

These saJ'lples provide an indication of the trace elements, maJor 
species, and carbon dioxide content of transport streams before 
and after dewatering of the bottom ash and of the makeup water to 
the system. The trace elements which were quantified include 
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silver, arsenic, beryllium, cadniuM, chromium, copper, mercury, 
nickel, lead, antimony, selenium, thallium, and zinc. Other 
metal elements (maJor species) were magnesium, calcium, and 
sodium. The non-metal maJor species quantified were phosphate, 
sulfate, chloride, silicate, and carbon dioxide. The results of 
the analyses are presented in tables VII-26 and VII-27. 

Of the three samples taken, the cooling tower blowdown had the 
highest concentrations in arsenic, magnesium, sulfates, and 
silicates. The pH of this stream was 8. 2, and the temperature 
was 96°F. Dilution of this stream in the surge tank with the 
plant drain sump effluent resulted in lower concentrations of 
these species. Species which had the highest concentrations at 
the recirculation pump, i.e., downstream from the surge tank, 
were phosphates, chlorides, carbon dioxide, zinc, and sodium. The 
pH of this stream was 8. 2, and the teMperature was 126°F. The 
third sample was taken froT'l a leak beneath the dewatering bin 
during an ash dewatering mode of operation. The pH of this water 
was 10.4, and the temperature was ambient, 106°F. The signifi
cant species in this sample relative to the other two samples 
were copper, lead, and calciuM. 

On the basis of the sampling results and the subsequent analyses, 
EPA assessed the potential for precipitation of certain species 
by using an aqueous equilibrium conputer progran. The results 
froM this assessment indicated that the calcium carbonate species 
has the greatest potential for precipitation in the leakage from 
the dewatering bin sample. The next greatest potential for the 
same species was in the cooling tower blowdown. The lowest poten
tial was in the recycle stream prior to the recirculation puMp. 
In this case, the maximuM precipitation potential occurred in the 
stream in contact with the coal ash for the greatest period of 
time. 

In conclusion, a closed-loop bottom ash system is feasible at 
Plant 7281 by using discharge to evaporation pond. The technical 
problems associated WJth the equipment in the closed-loop system 
were of a reconciliable design nature. The only significant 
equi Jnen t problem exists because the settling tank was designed 
to handle all the overflow fines from the dewatering bins. More 
Modern systems pipe these overflow fines back to dewatering bins. 
CheMically, there seemed to be no rnaJor cycling of trace elenents 
and ma]or species concentrations as a result of the closed-loop 
operation. It appears, however, that the concentration of copper 
increases as a consequence of sluice water being in contact with 
the coal ash. Contact with the coal ash also increased the con
centrations of calciun and sodiuM. The potential for precipi-

' tation of CaC03 exists in all three saMple streams based on 
scaling tendency calculations. The greatest potential exists in 
the sluice water in the dewatering bin. This means that 

I 
I 
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Table VII-26 

TRACE ELEMENTS/PRIORITY POLLUTANTS1 
CONCENTRATIONS AT PLANT 3203 

(ug/l) 

Cooling Tower Leakage from Recirculation 
Blowdown Dewatering Bin PumE 

pH 8.20 10.40 8.20 

Temp. (o F) 96 96 

Silver <O. 1 <o. 1 <O. 1 

Arsenic 71 4 26 

Beryllium <0.52 <o.5 <o.5 

Cadmium <o.5 <0.5 <0.5 

Chromium 15 24 1 9 

Copper 21 49 5 

Mercury <2 <2 <2 

Nickel <0.5 <0.5 <0.5 

Lead <3 4 <3 

Antimony 8 <1 5 

Selenium 5 <2 <2 

Thallium <1 <1 <1 

Zinc 160 40 40 

1Two analyses were done for each sample species, the results 
are given as the average for each element. 
2<.5 refers to the fact that the measured concentration was 
less than 0.5 g/l, which is the detection limit for this 
species. 

NOTE. All concentrations reflect dissolved as opposed to total 
concentrations. 
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Calcium 

Magnesium 

Sodium 

Phosphate2 

Sulfate 

Chloride 

Silicate 

Carbonate 

Table VII-27 

MAJOR SPECIES CONCENTRATION1 AT PLANT 3203 

(mg/l) 

Cooling Tower Leakage from 
Blowdown Dewatering Bin -

395 505 

190 

645 780, 
I 

0.40 0.06 

2546 1773 

394 601 

181 27 

21520 60 

Recirculation 
Pump 

310 

105 

770 

2.30 

1786 

622 

92 

2760 

1Two analyses were done for each sample for Ca, Mg, Na, the 
results are given as an aveage of the two values. 

2All species except Ca, Mg, Na, were analyzed only once, one 
number is reported for each sample species. 

' ' 

NOTE: All concentrations reflect dissolved as opposed to total 
concentrations. 

4.20 



increased recycle or continuous operation of the current system 
can cause scale formation on pipes thereby reducing the flow rate 
in the pipes .. 

Plant 0822. This plant is a 447 MW coal-fired powerplant located 
in northwestern Colorado. The plant consists of two units: Unit 
1 completed in 1965 and Unit 2 in 1976. The facility is a base
load plant using cooling towers for condenser heat dissipation, 
dry fly ash transport, and a zero discharge bottom ash sluicing 
system. The plant burns a bituminous coal from USBM Coal 
District 17. The plant is sufficiently close to the coal mine 
(nine miles) to be considered a :rune-mouth operation. Plant 
water is drawn froM a nearby river. The facility utilizes an RCC 
vapor compression distillation unit to recover recycleable water 
from cooling tower blowdown. All final wastewaters are ul ti
ma tely hand led by an evaporation pond. A general description 
along with a flow diagram (figure VII-23) of this plant has been 
provided in the fly ash subsection. 

The flow scheme for the bottoM ash sluice system is illustrated 
in figure VIJ-44. Bottom ash from the boiler is Jetted to one of 
two United Conveyor dewa tering bins (one bin is in operation 
while the other is being drained). The overflow froM the 
dewatering bin flows by gravity to a solids settling tank. 
Sludge from the settled ash Material is pumped back to the hydro
bin. The overflow from the settling tank flows to the surge tank 
and then to the two centrifugal pumps which supply water to the 
ash Jet pumps. Makeup water, which consists of cooling tower 
blowdown and some plant raw water, is added to two ash water 
storage tanks. The makeup water is directed either to the surge 
tank or to the high- and low-pressure ash water pump suction 
headers. Under normal operation, the ash water makeup equals the 
water retained by the bottoM ash after dewatering, the water used 
for wetting fly ash prior to unloading and sMall losses from 
evaporation in the bottom ash hopper. Any solids which settle to 
the bottom of the surge tank are pumped as sludge back to the 
dewatering bins. 

Once the dewatering bin fills with bottom ash, the bottom ash 
sluice is switched to the other bin. The filled bin is then 
drained of the sluice water. When the bottom ash is suffici.ently 
dewatered (after about 8 hours), it is dumped into an open truck 
and hauled to the rune for disposal. The sluice water makeup 
from the cooling tower blowdown is treated with a scale inhibitor 
(NALCO). The cooling towers operate between 8 and 10 cycles of 
concentration with a dissolved solids level of 1,200 Mg/l. 

The current bottom ash sluice system was designed as a part of 
unit 2. Thus, for unit 2, the system is an original design while 
for Unit 1, it is a retrofit. Prior to the construction of the 
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current system in 1975, the plant used a once-through sluice 
operation ir1 which both fly ash and bottor:i ash \lere sluiced to a 
pond. The solids resulting frol'l these operations have since been 
removed and disposed of at the mine. The pond now serves as a 
water storage pond to be used in the event of drought conditions. 

The botto~ ash handling system supplier for plant 0822 is United 
Conveyor Corporation. The following discussion provides specific 
inforI'1a tion concerning the maJor equipment for the bottom ash 
handling system. 

Two ash water storage tanks hold the nakeup water to the ash 
handling system. These tanks have volumes of 200, 000 gaJ Ions 
each. High and low water level switches are used to control the 
water leveJ in these tanks. 

Two Bingham horizontal end suction, back pullout, centrifugal 
punps each rated at 150 gpm, 48 feet head are driven by 25 HP, 
1, 200 rpm Westinghouse motors. These punps supply water to the 
surge tank from the ash water storage tanks and are automatically 
controlled by surge tank hi-low level switches. 

Two high pressure pumps supply recirculation \later to the Jet 
pumps at the bototm ash hoppers from the surge tank. These punps 
are Bingham horizontal, single stage, axially split, double suc
tion centrifugal pumps each rated at 3,000 gp~, 730 feet head and 
are driven by 700 hp, 3,600 rpm Reliance motors. Start-stop con
trol switches are located on the bottom ash panel. 

Three low pressure ash water punps supply ash water froM the 
surge tank at a pressure of approxinately 50 psig to the surge 
and settling tanks for sludge removal and flushing, and to the 
bottom ash hopper for fill, seals, flushing, and overflow supply. 
These pumps are Binghal'l horizontal end suction, back pullout, 
single stage centrifugal pumps each rated at 1,000 gpm, 130 feet 
head and are driven by 50 hp, 1,800 rpm Westinghouse motors. 
Automatic controls are located on the bottom ash panel and manual 
controls are locally placed. 

The "]etpulsion" pumps are Jet punps located beneath the cylinder 
grinders. These punps create the force necessary to convey the 
ash and water to the dewatering bins. Water for the "Jetpulsion" 
pumps is supplied by the high pressure ash water punps. These 
Jet pumps are controlled on and off by associated two-way rotary 
sluice gates located in the discharge line of each punp. The 
sluice gates are solenoid operated from the bottom ash control 
panel by OPEN-CLOSE switches. 

Each of the two dewatering bins is designed to provide a net 
storage volurae of 12, 700 cubic feet or approxir:iately 48 hours 
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bottom ash storage capacity with both Unit 1 and 2 at full load. 
Also, each bin is fitted with a 12 kw chromolox electric heater 
and an ash level detector which activates an alarm and a light on 
the control room panel when maximum ash level is reached. At 
this point the conveyor is stopped, the diverting gates are 
switched, and the conveying operation is then restarted by an 
operator. 

Separate settling and water surge tanks are provided to recover 
the ash water used in the handling of bottom ash and pyrites. 
The settling tank is sized to provide flow-through water veloc
ities sufficiently low to precipitate nost particulate matter 
larger than 100 microns. Sufficient volume is provided in the 
surge tank to absorb the severe imbalance between input and 
output flows that occur when the systeM progresses through the 
ash transport and dewatering cycle. 

The manpower increase due to the retrofitted ash handling systems 
is 15. This number includes both fly ash and bottom ash systems 
for both maintenance and operation. 

The maintenance problems with the bottom ash handling system are 
nominal. The most frequently recurring problem is the erosion of 
the iMpellers and casings of the high pressure recirculation 
pumps. There are no problems with fines in the operation of the 
dewatering bins, e.g., screen plugging or overflow into the set
tling tank causing plugging of the sludge pumps. Some problems 
arose in retrofitting the bottoM ash system, the usual pipe 
rerouting, use of old pipe, and outage time were required for the 
system installation. 

Samples were taken at three different locations in the bottom ash 
sluicing system. These locations were: 

o A sample was taken of the system makeup strean from the 
cooling tower blowdown water, 

o A sample was taken of the settling tank overflow to the 
surge tank, and 

o A sample was talcen from the surge tank. 

These samples provide an indication of the trace elements, Ma)or 
species, and carbon dioxide content of transport streams before 
and after the surge tank, and of makeup water to the system. The 
trace elements which were analysed include silver, arsenic, 
beryllium, cadmium, chromium, copper, mercury, n1.ckel, lead, 
antimony, selenium, thallium, and zinc. The major species 
analyzed were magnesium, calcium, sodiuM, phosphate, sulfate, 
chloride, silicate, and carbon dioxide. The results of these 
analyses are reported in tables VII-28 and VII-29. 
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Table VII-28 

TRACE ELEMENTS PRIORITY POLLUTANTS CONCENTRATIONS1 ,2 
AT PLANT 0822 

(ug/l) 

Cooling Tower Settling Tank 
Blowdown Overflow Surge Tank 

pH 8.0 6.3 6.7 

Temp. (OF) 89.0 130.0 126.0 

Silver <O. 1 0.4 <O. 1 

Arsenic 49.0 3.0 3.0 

Beryllium <0.53 <o.5 <0.5 

Cadmium <0.5 2.0 <0.5 

Chromium (2.0 10.0 <2.0 

Copper 47.0 8.0 15.0 

Mercury <0.2 <0.2 <0.2 

Nickel (0.5 <o.5 <0.5 

Lead (3.0 <3.0 (3.0 

Antimony < 1 .o <1 .o 5.0 

Selenium <2.0 s.o 6.0 

Thallium <1 .o <1 .o <1 • 0 

Zinc 95 145 410 

1All trace element analyses were done in duplicate, the two 
values were averaged. 

2All concentrations are for the dissolved, not total, 
concentration. 

3The value <0.5 indicates that the concentration was below the 
detection limit which in this case is 0.5 ppb for beryllium. 
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Calcium 

Magnesium 

Sodium 

Phosphate (P04) 

Sulfate (S04) 

Chloride (Cl-) 

Silicate (Si02) 

Carbonate (C03=) 

Table VII-29 

MAJOR SPECIES CONCENTRATIONS1 ,2 
AT PLANT 0822 

(mg/l) 

Cooling Tower Settling Tank 
Blowdown Overflow 

365 365 

120 92 

210 145 

3.J 0. 17 

1215 1203 
I 

211 112 

57 36 

60 120 

Surge Tank 

370 

90 

150 

0.09 

1165 

125 

35 

360 

1ca, Mg, Na were analyzed in duplicate, values are averages. 

2All values reflect dissolved, not total, concentrations. 
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The saf'lpling results indicate that the contact of the sluice 
water with the bottom ash, as reflected in the settling tank 
overflow species values relative to the other two streans, raises 
the concentrations of some species. The trace elements, which 
increased due to ash contact are silver, cadnium, chromium, 
seleniu!'l, and zinc. For the raaJor species, an increase in car
bonate concentration is reflected in the carbon dioxide values. 
Decreases in concentration from the makeup source to the recycle 
loop are observed for arsenic and copper and for magnesium, 
sodium, chJoride, and silicate, which indicates that a cycling 
effect does not exist in this system for these species. 

On the basis of the sampling analyses, the Agency deternined the 
tendencies for scaling for various species in the makeup and 
recycle streams by using an aqueous equil ibr iuM program. The 
amount of scaling which may actually exist is contingent upon the 
amount of the species present and any other inhibitor additives 
which may be present. Only one sample species represented any 
driving force for precipitation. This species was CaC03 for 
the cooling tower blowdown nakeup water stream. 

In summary, this plant has achieved zero discharge by using 
evaporation ponds. No significant Mechanical problef'ls have 
occurred since the installation of this bottom ash system in 
1974, and no significant problems arose during the retrofitting 
procedure. Chemically, some increase in trace elenent priority 
pollutants and maJor species concentrations has been observed due 
to contact with the ash. The potential exists for scaling 
CaC03 in the f'lakeup water stream. However, neither sealing nor 
corrosion has been a problem in the operation of this system. 

Plant 1811. This plant is a 615-MW electric power generating 
station located in Northern Indiana. The plant uses a wet recir
culating ponding systen to handle botton ash. This ash is 
generated by two cyclone-type boilers of 194 and 422 MW each. 
The coal ash content is 10 to 12 percent with 11 percent as the 
average. This bi turainous coal is obtained from Bureau of Mines 
Coal Districts 10 and 11. The bottom ash sluicing recycle system 
was retrofJLtted in the early 1970's. The dry fly ash handling 
systeM was retrofitted early in 1979. Both of these systems were 
designed and installed by United Conveyor Corporation. 

The bottom ash sluicing system is characterized by a bottom ash 
storage area, a series of settling ponds, and a recirculation or 
final pond. Figure VII-45 presents the sluice system flow dia
gram for the plant. Only one primary and one secondary pond is 
used during operation of the sluicing system. The sluice lines 
shown, other than the bot ton ash sluice, are used to transport 
sump water to the ponds. Also, the ch schar']e froPl a package 
sewage treatment facility is sent to the primary settling pond. 
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The hydroveyor line, which was used to sluice fly ash to the 
ponds, is used as a backup to the normal ash sluice pipes. The 
T'l.ain sluice punps for the bottor.i ash are Jet pumps which dis
charge at a pressure of 230 psig at the runoff area. The larger 
unit 8 has two 10 inch sluice lines (including one spare) which 
transport the ash one-quarter of a mile to the slag runoff area. 
The smaller t.mit 7 has one 10 inch sluice line. The flow rate 
used to transport the bottom ash to the runoff area is approxi-
1.1a tely 2.0 x 106 gpd. The ash is sluiced for l to 2 hours each 
shift (depending on the load) with 10 minutes of flushing before 
and 15 to 20 minutes afterwards. The surface areas of the two 
prl!'lary settling ponds are 4.2 acres (182,900 feet2) and 4.4 
acres (192,200 feet2). The areas of the two secondary ponds 
are 2.09 acres and 3.66 acres. The forebay or final pond has an 
area of 0.1 acres (5,188 feet2). Three centrifugal pumps are 
located at the forebay which are used to recirculate the sluice 
water back to the bottom ash pump (a distance of 1/2 mile) as 
well as the general plant water system through one of two 
existing lines ( 16 inches diameter). These recirculation pumps 
supply sluice water to the bottom ash puT'l.p at a discharge pres
sure of 260 psig. A single pipe exists downstream of the 
forebay recirculation puT'l.ps which allows for the discharge of 
sluice water from the recirculating systen. This discharge is 
initiated durJ ng upset conditions but is under complete control 
of the plant operators. This discharge is estimated to occur 2 
days out of 7. The water is transported to Lake l1lchigan. Since 
this occurs intermittently, the flow rate was difficult to 
quantify. Makeup water to the bottom ash sluicing system enters 
the systeT'l. at the sluice pumps from Lake Michigan. Makeup water 
is required because of pond evaporation, pond percolation, and 
water losses by removal of wet bottom ash. The amount of ash 
handled by the bottom ash sluicing system was estinated by 1978 
FPC figures given by Plant 1811 personnel. 

In 1978, the amount of bottom ash collected was 72,200 tons. The 
operating and naintenance cost associated with the sluicing oper
ation was $67,300 for 1978. The hauling and disposal of the bot
toM ash at the landfill site was contracted out and cost $86,900 
in 1978. Some of the bottom ash was sold which yielded $11,400. 

Operating prob.Lems associated with the sluice system are noMinal. 
Occasional broken lines and ruptured slag pumps require periodic 
maintenance, but this is considered normal. One maJor operating 
problem is pond sluice water percolation. The ponds are located 
at a higher elevation than a nearby plant and national park. 
These ponds are not sealed and the sluice water seeps into off
si te water systems. The amount of percolation increases during 
periods of high water levels in the pond. Future plants are 
expecting to build a lined pond to prevent this percolation. 

429 



The operating manpower required to run the sluicing system is one 
r.1an part-time in the control room each shift and one man part
time MOnitoring the slag sluicing operation. This requirement 
totals to one man full-time for equipment .naintenance. Most 
heavy maintenance work is done during planned outages. 

The recycle portion of the sluice system, i.e., the forebay and 
recycle line, was retrofitted in the early 1970's as a result of 
a decision to collect al 1 process waters at one loca ti.on. No 
probleMs were incurred due to the retrof

1

i t of the system. 
i 

Samples were taken at three different locations in the bottom ash 
sluicing systeM. These locations, which are designated in figure 
VII-45, are: 

o the bottom ash discharge point, 

o the primary pond over f 1 ow, and 

o the forebay outfall. 

These samples were taken to provide an 1indication of the levels 
of trace elements and maJor species in the recirculating/sluicing 
system. The trace elements assayed were silver, arsenic, beryl
liuM, cadmium, chromiuM, copper, Mercury, nickel, lead, antiMony, 
selenium, thallium, and zinc. The MaJor species assayed were 
magnesiuM, calcium, sodiun, phosphate, sulfate, chloride, sili
cate, and carbon dioxide. The results of these analyses are 
reported in tables VII-30 and VII-31. 

The sampling results are inconclusive. Most of the concentra
tions are low, except for the sulfate and zinc. There is 
essentially no indication of an effect on trace metal concen
trations due to contact of the sluice water with the ash. 

I 

On the basis of sampling results, EPA determined the tendencies 
for scaling for various species in the recycle streams by using 
an aqueous equilibrium program. The results of this analysis 
indicated that the potential for scaling of four PlaJOr species 
was very low in all three sanple streams. 

The feasibility of zero discharge using complete recycle with 
ponding for botton ash cannot be confirmed by the systeM used at 
this plant because it requires intermittent discharge to Maintain 
a steady-state water balance in the system; however there were no 
mechanical or chemical problems related to the recycle operation. 
The problem with percolation could be alleviated by lining the 
existing ponds. 
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Table VII-30 

TRACE ELEMENTS PRIORIT:Y POLLUTANTS CONCENTRATIONS1 ,2 
AT PLAi.'IT 1 811 

(ug/ 1) 

Forebay Primary Pond Bottom Ash 
Outfall Overflow Dischar~e 

pH 6.5 6.7 6.3 

Temp. (oF) 77 79 85 

Silver (0. 13 (0. 1 <o. 1 

Arsenic (1 . 0 2 6 

Beryllium (0.5 (0.5 <o.5 

Cadmium 6.0 s.o 8.0 

Chromium <2 <2 <2 

Copper 14 3 1 0 

Mercury (1 <1 <1 

Nic:e>kel 27 16 1 7 

Lead <2 <2 <2 

Antimony (3 <3 <3 

Selenium <2 <2 <2 

Thallium 10 10 25 

Zinc 270 180 90 

1All trace elements analyses were done in duplicate, and the 
two values were averaged. 

2All concentrations are for the dissolved, not total, 
concentration. 

3The value (.1 indicates that the concentration was below che 
detection limit which in this case is .1 ppb for silver. 
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Table VII-31 

MAJOR SPECIES POLLUTANTS CONCENTRATIONS1 ,2 
AT PLANT 1 8 11 

(mg/l) 

Fore bay Primary Pond 
Outfall Overflow 

Calcium 69 54 

Magnesium 14 11 

Sodium 40 43 

Phosphate (P04) (0.06 (0.06 
' I 

Sulfate (S04) 273 241 
I 

Chloride (Cl) 8 18 
I 

Silicate (Si.Oz) 5 <3 
I 

Carbonate (C03) 60 300 

1ca, Mg, Na were analyzed in duplicate, the values are 
averaged. 

Bottom Ash 
Discharge 

74 

1 9 

36 

(0.06 

250 

8 

4 

600 

2All values reflect dissolved, not total, concentrations. 
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Plant 1809. This plant is a 736-MW electric power generating 
station. Four boilers currently in operation burn bituminous 
coal which has an ash content of 10 to 12 percent. The boilers 
are of the wet bottom cyclone type and produce a relatively large 
amount of bottom ash slag. The plant utilizes a wet recircu
lating ponding system to handle both fly ash and bottom ash. 
Water is obtained from a nearby creek for use in the sluicing 
operation. A flow diagram of the ash handling system appears in 
figure VII-35. 

The bottoM ash sluicing system was retrofitted in 1974 along with 
the fly ash sluicing system and Unit 12, the largest of the steaM 
generators (520 MW). All systems were designed and installed by 
Allen-Sherman-Hoff, retrofitted for Units 4, 5, and 6, and new 
for Unit 12. ~he principal reasons for installing the ash sluic
ing recycle system were the requirenents of discharge regulations 
and the decision to collect and handle all process waters at one 
location. The fly ash and bottom ash is produced at a ratio of 
26 percent fly ash to 74 percent bottoM ash. In 1978, approxi
mately 48,600 tons of fly ash were collected and 136,000 tons of 
bottom ash were collected. 

A Jet pump sluices the bottom ash from the slag tanks to the bot
toM ash runoff area. Two 12-inch diameter pipes are used to 
sluice the bottom ash; one from the Boiler 12 slag tank and one 
fron Boilers 4, 5, and 6 slag tanks. The bottom ash sluice water 
flow rate is approximately 3 x 106 gpd. At the bottom ash 
runoff area, the botton ash slag is bulldozed into piles and is 
sold for use as a road bed aggregate. The runoff area is com
posed of two prinary ponds, 11,536,000 and 14,198,000 gallons 
capacity, and one small secondary pond. Only one pr iMary pond 
operates at a tiMe. The bottom ash is sluiced every 4 hours for 
30 to 45 minutes. The piping used for conveying the bottom ash 
is cast iron in the plant area and cast basalt (Sch. 80) outside 
the plant area. From the secondary pond, the sluice water over
flows into the fin al pond for recirculation back to the Jet 
puMps. 

At the final pond, facilities are available for a discharge to 
Lake Michigan. These facili tiec:: consist of two pipes from the 
main conveying lines to Lake Michigan for intermittent and upset 
conditions. The discharge is actuated by gravity overflow. A 
discharge condJtion prevails when Unit 12 is operating. Usually 
when Units 4, 5, and 6 are operating and Unit 12 is down, the 
discharge condition does not exist. The final pond also receives 
a large amount of water froM the miscellaneous sump system; thus, 
during heavy rainfall periods, a discharge condition often 
exists. Thus, Plant 1505 is not strictly a zero discharge plant. 
It does provide for a discharge under fairly consistent condi
tions when Unit 12 is operating. This discharge stream was not 
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quantified by plant personnel. The discharge is not used to pre
vent scaling of the ash handling components, but is used solely 
to remove the surplus water which accumulates. This surplus 
water is being considered for use as Mak~up to the cooling tower. 

Operating probleMs associated with the sluice system are nominal. 
Occasional instances of low pH have caused some pipe corrosion; 
however, lime addition for pH adJustment has alleviated m ch of 
this problem. Scaling has historically not been a maintenance 
problem. Suspended solids have caused pump erosion problems on 
an intermittent basis. Currently, the creek is used as the 
makeup water source. High flow situations, e.g., after heavy 
rainfall, result in a poor quality makeup water; also, incomplete 
bottom ash settling caused some wear on pumps. Control of final 
pond water flow and installation of surface booms for floating 
material collection has mitigated much of the sol ids problem. 
The piping is rolled to Maintain even wear on all inside sluicing 
surfaces. This procedure is not unusual. One area which 
requires significant maintenance is the sluicing Jets and 
recirculation pumps. These pumps do not have spares and 
therefore must be frequently checked and maintained so as not to 
cause a shutdown of the sluicing operation. 

I The primary ponds are cleaned annually and only one priMary pond 
is cleaned per year. Ash hauling is contracted to an outside 
trucking firm. 

The bottom ash is sold for commercial use, which provides a 
credit for the ash. According to the 1978 FPC data provided by 
the plant personnel, Lhe cost for collection and disposal of the 
bottom ash was $79,200 and the sale of the bottom ash provided a 
$29,900 credit. 

The bottom ash ponding recycle sluicing systen for plant 1505 was 
installed in 1974. At the same time the fly ash sluice water 
recycle system and unit 12 was installed. Thus, the recycle por
tion of the pond system is a retrofit system for units 4, 5, and 
6. The reason for retrofitting a recycle system, i.e., a final 
pond and return line, was in part due to discharge regulations 
since the plant is bounded by a National Park, a town, and Lake 
Michigan. An additional motive was to collect all discharge 
streams in the final pond for common treatment, if needed. 

The retrofit of the recycle line did not enable the plant to 
achieve zero discharge because of water balance problems. Water 
is accumulated especially when unit 12 is operating. The plant 
is in a low net evaporation cliMate. When the plant installed 
the recirculation system, the already-ex~sting nain sluicing Jet 
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punps and the new recirculation pumps were not spared. This has 
presented a maintenance problem and a need for redundancy by the 
plant is recognized. 

The plant claims that it is difficult to achieve zero discharge 
by retrofitting a recycle loop on a ponding syste111 for two 
reasons: it is difficult to tie up all the streans into one col
lection point, and it can be done only if the already-existing 
systePls can be totally segregated. There is also the effect on 
electricity generation to be considered; higher auxiliary power 
requirements reflect lower net power generation. Plant 1809 per
sonnel indicate that the technology to retrofit bottom ash sys
tems is ~ore available than that for retrofitting fly ash recycle 
syster'\S. Cyclone boilers produce !'lostly bot ton ash; however, 
cyclones are no longer available as a technology, primarily 
because of NOx emissions. According to plant personnel, the 
only way for plant 1809 to meet a zero discharge requirement is 
to install evaporators which would increase the auxiliary power 
require!'lents. 

Any new expansion of generating capabilities would have to be met 
with pulverized coal boilers. No market for botton ash fron 
these boilers has been found by plant 1809 personnel, so the 
bot to!'l ash handling sys tePls would have to be segregated. Also, 
facilities to handle a larger percentage of fly ash would be 
installed with a pulverized unit. 

SaI'lples were taken at three different locations in the bottom asn 
sluicing syste!'l. These locations are shown in the bottom ash 
sluicing syste!'l diagran in figure VII-35 and are di:> cribed as 
follows: 

o A sample was taken of the miscellaneous sump water, 

o A sample was taken of the bottom ash pond overflow, and 

o A sample was taken of the recirculating water fror.l the 
final pond. 

These samples provide data on the trace element, ma]or species, 
and carbon dioxide content of transport streaMs at the settling 
ponds and of the sump water before the ponds. The trace elements 
analyzed for were silver, arsenic, beryllium, cadnium, chroI'liUI'l, 
copper, mercury, nickel, lead, antimony, selenium, thallium, and 
zinc. The maJor species assayed were calciun, nagnesiu!'l, sodiuPl, 
phosphate, sulfate, chloride, silicate, and carbon dioxide. The 
results of these analyses are presented in tables VII-32 and 
VII-33. 
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Table VII-32 , 

TRACE ELEMENTS/PRIORITY POLLUTANTS CONCENTRATIONS1 ,2 
AT PLA.i.'IT 1809 

(ug/l) 1 

Sluice Water from Bottom Ash Miscellaneous 
Recirculation Pond Pond Overflow Sump 

pH 7.9 7.9 7.7 

Temp (oF) 80 85 80 

Silver <O .13 <O. 1 <o. 1 

Arsenic 66 12 12 

Beryllium <O.S <O.S <0.5 

Cadmium 0.7 1 • 0 1.0 

Chromium 3 <2 3 

Copper 5 3 1 6 

Mercury <1 .o I <1 oO 4.0 

Nickel 17 29 <3 

Lead <2 <2 3 

Antimony 9 8 <3 

Selenium 4 <2 <2 

Thallium 62 56 6 
I 

Zinc 70 ISO 100 
I 

1All samples were analyzed in duplicate, the values were 
averaged. 

2All analytical values are for dissolved concentrations, the 
samples were filtered initially. 

3The value (.1 indicates that the concentration was below the 
detection limit which is 0.1 g/l. 
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Calcium 

Magnesium 

Sodium 

Phosphate (P04) 

Sulfate (SOLj) 

Chloride (Cl) 

Silicate (Si.Oz) 

Carbonate (C03) 

Table VII-33 

MAJOR SPECIES CONCENTRATIONS1 ,2 
AT PLANT 1809 

(mg/ 1) 

Sluice Water from Bottom Ash 
Recirculation Pond Pond Overflow 

125 115 

60 58 

50 48 

0.06 (0.063 

633 650 

16 18 

6 5 

1080 1020 

Miscellaneous 
Sum:e 

63 

24 

1 9 

0. 11 

149 

14 

5 

1800 

lea, Mg, Na samples were analyzed in duplicate, the results 
were averaged. 

2These concentrations reflect dissolved, not total, 
concentration. 

3The value (.06 reflects a concentration below the detection 
limit which Ln this case is 0.06 mg/l. 
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Results from the sampling of trace elenents indicate that onl7 
one concentration increased due to exposure to the bottom ash. 
The concentration of nickel in the bottom ash pond overflow is 
higher than in the final pond effluent which eerves as the makeup 
water to the bottom ash sluicing system. 

On the basis of this sampling and analysis, the tendencies for 
scaling in the sluice streams were determined through an aqueous 
equilibriun program. Based on the aqueous equilibrium results, 
of calcium carbonate theoretically has the greatest potential for 
precipitation in the sluice water from the final pond; next 
greatest in the bottom ash pond overflow, and the least potential 
in the miscellaneous suMp stream. None of the streams indicated 
a high scaling potential. 

The feasibility of a closed-loop zero discharge operation cannot 
be established based on the information available from this plant 
since there is fairly continous discharge. This discharge is due 
to an inherent accumulation of water in the recyle loop under 
certain operating condJtions. 

LOW-VOLUME WASTES 

One treatment technology applicable for the trea tMent of low
volur.le waste streams is vapor-compress ion evaporation ( VCE). 
Although this Method of waste treatment is energy intensive, it 
yields a high-purity treated water stream and significantly 
reduces the wastewater effluent flow. A number of the low-volume 
waste streal"l.s described in Section V are suitable for VCE 
treatment. These streans are: 

o Water Treatment 

Clarifier blowdown (underflow) 
Make-up filter backwash 
Line softener blowdown 
Ion exchange softener regenerant 
Demineralizer regenerant 
Reverse osmosis brine 
Evaporator bottoms 

o Doiler blowdown 

o Floor and laboratory drains. 

The VCE process concentrates non-volatile effluents from these 
sources. This produces a concentrated brine which is usually 
ponded in arid regions or sent to a pond or treated in a spray 
~~yer ~n nqn-s~iq regions (49). 
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Process Description 

A schematic flow diagra!'l of a VCE systen is shown in figure 
VII-46. The wastewater is first treated in a feed tank to adJust 
the pH to between 5. 5 and 6. 5 for decarbona ti on. The stream is 
then pumped through a heat exchanger to raise its temperature to 
the boiling point. In some instances, softening nay be required 
to prevent scaling in the heat exchanger. After passing through 
a deaerator which removes dissolved gases, the hot waste streaM 
is combined with the slurry concentrate in the evaporator sul"lp. 
This slurry is constantly recirculated from the sump to the top 
of the evaporator tubes. The slurry flows as a thin f iln down 
through the tubes and vaporizers. The vapor is compressed and 
introduced to the shell side of the tube bundle. As this stream 
condenses, it transfers its heat of vaporization to the br ne 
slurry. The condensate that results on the shell side is punped 
through the feed preheater to transfer as 111uch heat as possible 
to the process before it is discharged from the unit. A portion 
of the brine slurry is continuously drawn off from the sump to 
maintain a constant slurry concentration (200,000 to 400,00 mg/l 
solids} (51, 52}. 

The formation of scale is avoided on heat transfer surfaces by 
preferential precipitation of calcium sulfate silica on seed 
crystals in the slurry. In addition, a small temperature 
difference across the heat exchanger tubing minimizes scale 
formation on the evaporating surfaces (39}. 

Effectiveness 

VCE systems have taken streans containing between 3,000 and 
50,000 mg/! ot total dissolved solids {TDS} and have yielded a 
brine stream containing 200,000 to 400,000 mg/! TDS and a stream 
of water containing less than 10 ng/l TDS. In the event that 
there are sigrnficant amounts of priority pollutants present in 
the feed stream, it may be necessary to attach additional treat
ment equipl"lent to the deaerator vent, e.g., carbon adsorption or 
incineration. 

Brine Slurry Concentration and Disposal 

Evaporation Ponds 

For areas of the country where the net annual evaporation rate 
{gross evaporation minus rainfall} exceeds 20 inches a year, use 
of evaporation ponds for disposal of VCE waste brines nay be a 
viable disposal method. Evaporation ponds are used as a final 
wastewater di5posal nethod throughout the electric utility indus
try, primarily in the southwestern states; however, land cost and 
governnental regulations restrict the use of evaporation ponds at 
many plant sites. 
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Evaporation ponds use solar energy to evaporate wastewater and 
thereby concentrate dissolved solids in the wastewater. The 
ponds are constructed by excavation, by enclosing an area with 
dikes, by bu1ld1ng dams, or by a c0Mb1nat1on of these Methods. 
Ponds raay require a liner to prevent seepage of wastewater into 
the natural pond water supplies. Typical liners are clay, 
asphalt, and PVC sheets. The area required for a single evapora
tion pond can be estimated by equation 24: 

Area (acres) = 19.SG 
v 

(24) 

where G is the wastewater flow rate in gallons per minute and V 
is the effectlve net evaporation rate in inches per year. 

The effective net evaporation rate of pond water is less than the 
area net evaporation rate. This occurs because of the decreasing 
pond water vapor pressure with increased dissolved solids content 
of the pond water. Consequently, some systems use ponds in 
series where the effective evaporation rate of the f 1rst ponds is 
greater than the evaporation rate of the latter ponds. The pond 
depth required is equal to the wastewater flow rate in acre-feet 
per year divided by the pond area in acres required for evapora
tion. Addi t1onal depth is required for solids build-up in the 
pond. 

Spray Drying 

For areas of the country where evaporation by ponding is not 
feasible, ther:nal drying of the waste brine to produce a solid 
for disposal by land fill is an option. Spray dryers have been 
proposed as a su1 table method for thermal drying of VCE waste 
brines. 

In a spray dryer, the VCE waste brine is atomized e1 ther by a 
spray nozzle or a high-speed rotating disk. Hot combustion gases 
contact the atomized brine in the drying chamber and vaporize the 
water. The hot flue gases and dryed brine crystals pass through 
a baghouse for brine crystal reMoval before being vented to the 
atmosphere. Moisture content of the dried brine crystals is less 
than 5 percent (51). 

METAL CLEANING WASTES 

As explained in Section V, metal cleaning wastes are, per1od1c 
discharges that may occur only infrequently at many power sta
tions. Since they are infrequent, many plants prefer to have 
then hauled off and treated by private contractors. Most of the 
expertise for treating cleaning wastes has been developed by the 
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cleaning contractors. Current treatment methods include incin
eration, ash basin treatment, and physical-chemical treatment. 
In addition, treatment by vapor compression evaporation also has 
been considered. 

Treatnent Methodologies 

Disposal by Incineration (Evaporation). Incineration ( evapora
tion) of boiler chemical cleaning solutions has gained increasing 
popularity since its first commercial application in 1971 (53). 
A number of utilities have used such a process for disposal of 
waste boiler cleaning solutions of various types, including 
ammoniated EDTA, ammoniacal bromate, citric acid, and hydroxy
acetic/formic acid containing ammonium bifluoride ( 154, 55, 56). 
To date, well over 125 such incinerations of ammoniated EDTA 
waste solutions alone have occurred. 

The incineration procedure involves the controlled inJection of 
spent boiler cleaning chemicals into the fire box of an opera
tional boiler (see figure VII-47). As the solution is inJected, 
water is vaporized and the organics are combusted. The organic 
materials are reduced to such compounds as N2, C02, and H20 
while iron and copper deposits from the cleaning are transformed 
to oxides ( 57). These boiler chemical cleaning wastes are com
bustible to some extent. due to these organic molecules and Metal 
compounds. Amnoniated EDTA has been estin.ated to have a heat 
value of 2,000 Btu/pound. 

InJection rates are dependent on the fan and fuel capacity of the 
boiler and must be determined on an indiridual basis. However, 
the gallon per minute incineration rate has been equivalent to 
approximately 2 to 5 percent of the stean flow of the boiler in a 
number of cases (58). InJection rates range from 20 to 180 gal
lons per minute. 

I 

Solvent in]ection has been tested in coal, oil, and gas fired 
boilers, both above and below the burners, and at various spray 
angles. Tests have shown that disposal through incineration has 
successfully captured metals. At times, as high as 98 percent 
iron and 95 percent copper from the inJected waste solutions have 
been retained in the furnace. 

The transition of metal ions to oxides is chemical in nature. 
These oxides are then physically transformed to small particles 
and either leave the stack or are trapped as deposits between the 
point of combustion and the stack outlet. Since ash is primarily 
composed of metallic oxides in various proportions, it would be 
expected that deposition would occur along with bot tom or fly 
ash, in pollution control equipment or on ,walls of the furnace or 
stack. 
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Other substances which are of concern were also evaluated in 
incineration studies. Such cases concerned the disposal of 
ammoniacal bromate, and hydroxyacetic/formic acid containing 
ammonium bifluoride. Thermogravimetric analybis revealed that 
sodium broma te was converted to sodium bromide and oxygen at 
752°F and that no obnoxious products were formed at temperatures 
up to l,850°F (54). Actual incineration tests on these solutions 
in a 860°F boiler revealed no liberation of halogen gas or other 
obnoxious gases. 

Some tests conducted during incineration of boiler cleaning 
wastes have shown that sulfur dioxide (,S02) and the oxides of 
nitrogen (~Ox) have been reduced in stack emissions. Explana
tion of the lower NOx levels may stem from the dissociation of 
water, which replaces oxygen supplied by air thereby lowering the 
air and nitrogen supply to the furnace (58). 

Ash Basin Treatment. A number of utilities employ ash ponds for 
the treatment of boiler chemical cleaning wastes (57, 59). The 
theory behind such a treatment scheme is that the chemical/phys
ical nature of the ash pond environment will treat those wastes 
as well as conventional line treatment. 

A number of basic characteristics of the ash pond are utilized to 
treat these wastes. The most important characteristic is pH, 
since metals are removed as precipitated hydroxides above a cer
tain pH. Many ash ponds are naturally alkaline and thus have a 
good potential for raetal-hydroxide fornation. 

The presence of fly ash in ash ponds also appears to be an aid in 
the treatment scheme (60). Fly ash has been used in water treat
ment to increase the rate of floe growth and to enhance floe 
settling properties. Some studies have shown that ashes which 
raise the pH of ash sluice water can be expected to precipitate 
heavy metals (60). 

In one of the demonstration proJects on ash basin treatment, dis
solved oxygen content of the ash pond was felt to be an important 
factor ( 60}. In theory, its presence provided the oxidizing 
potential to convert iron ions from the ferrous to the ferric 
state, the latter which could be precipitated at a ]ower pH than 
the former. 

The dilution factor of the ash pond is also felt to be important 
in breaking the ammonia complex bond in the anmoniacal broma te 
solution, thus allowing the precipitation of copper. In order to 
achieve equivalent metal removal, the increase in the concentra
tion of the metal in the ash pond effluent must be equal to or 
less than the concentration achievable by lime precipitation 
divided by the dilution factor. 
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Phys1cal/Chem1cal TreatMent. A number of treatMent schemes 
employing phys1cal/chem1cal processes have been tested, designed, 
and implemented for the treatnent of boiler chemical cleaning 
wastes. The basic raechan1sm behind these treatment schemes 
involves neutral1zat1on w1 th caustic or 111ne followed by pre
c1p1 tat1on of the metal hydroxide compounds (57, 61, 62, 63, 64, 
6 5). However, there are a nuMber of add1 t1onal unit processes 
which have been eMployed on certain waste chemical solutions in 
order to increase the degree of attainable reduction of certain 
const1 tuents. These add1 t1onal unit processes include: m1x1ng 
with other metal cleaning waste sources, ox1dat1on, sulfide 
add1t1on, filtration, and carbon adsorption. 

In the treatment of waste boiler chemical cleaning solutions the 
use of these unit processes, either alone or in comb1nat1on with 
others, is dependent upon wh,1ch waste solution is being treated. 
Various character1st1cs of ind1v1dual waste streams make the use 
of certain unit processes feasible. A descr1pt1on of the use of 
these processes as they apply to boiler chemical cleaning wastes 
follows. 

Arnmon1ated C1 tr1c Acid. Ammon1ated c1 tr1c acid boiler cleaning 
wastes contain amounts of complexed iron and copper. Chelation 
of iron by citrate is the first step of the two step process 
which is followed by amraon1a add1t1on to complex copper. D1lu
t1on is necessary to d1ssoc1ate the ammonia-copper conplex and 
will aid in brealnng the iron-citrate chelate. AdJustment of pH 
upwards will further lower the degree of complexat1on as f 1gure 
VII-48 illustrates. 

Aeration of this waste has been recomr.iended in order to ox1d1ze 
cuprous and ferrous ions to the cupric and ferric state, thus 
lowering the pH needed to precipitate the copper and iron (57). 

Add1t1on of sodium sulfide after aeration under ac1d1c cond1t1ons 
in one treatment scheme reduced metal concentrations due to the 
prec1p1tat1on of metal sulfides. In this treatment scheMe, clar-
1f ier overflow was filtered through a dual media grav1 ty filter 
to produce final effluent with iron and copper concentration 
below one (1) ng/l (57). 

Ammon1ated ED'I'A. Waste ammon1ated EDTA boiler and chemical 
cleaning solutions are d1ff1cult to treat due to the metal com
plexes which are present. EDTA is a hexadentate ligand which 
chelates iron, while the ammonia forms complexes w1 th copper. 
However, these wastes are effectively treated to below the one 
( l) mg/l level for iron and copper using a comb1nat1on of unit 
processes. 
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The degree of compl~ation is expressed in terms of pFe for 
various ligands (10- M) The competing effect of H+ at low pH 
values and of OH at higher pH values explains that effective 
complexation is strongly dependent on pH Mono-, di- and tri
dentate ligands (1Q-2M) are not able to keep a lo-3M Fe(III) in 
solution at higher pH values 
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Dilution in plant wastes such as air preheater wastes and boiler 
fireside wastes have effectively achieved the dissociation of 
these complexes and subsequent ref'1oval of the copper ( 57, 66). 
The presence of sulfides in these wastes, resulting from burning 
sulfur-containing fuels, helps remove copper by the formation of 
insoluble copper sulfide (57, 67). When dilution is followed by 
lime addition to pH levels of approximately 13, reduction of iron 
and copper levels below l mg/l nay be achieved (57). Addition of 
a polymer to aid in flocculation has been used in order to 
achieve maximum removal of metals (57). 

AmI'loniacal Sodium Bror:tate. Reduction of total copper in waste 
ammoniated sodium bromate solutions first requires the dissocia
tion of the ammonia-copper complexes. This step is required in 
order to free the copper, thus allowing it to form insoluble 
hydroxide precipitates. 

Figure VII-49 illustrates the degree of coraplexation of NH3 on 
Cu2+ to be a function of dilution. In the left hand graph, 
pcu2+ first Jncreases as ammonia equilibrium forces it to enter 
into solution (thereby slnfting the copper species to the lower 
ammoniated form) then decreases as dilution effects predominate. 
The second graph shows the degree of complexation decreasing with 
dilution due to the increase in the cu2+ species. Although 
other factors such as temperature and ionic activity affect 
solubilities, dilution will aid in the dissociation of the 
ammonia/copper complex. 

Once this dissociation is accomplished, aqueous copper may be 
precipitated with hydroxides. Addition of lime (Ca(OH2) pro
vides the necessary hydroxides and precipitation will occur at 
approximately p:-1 = 10. Flocculation I'lay be enhanced with addi
tion of an organic polymer flocculating agent. Sedimentation may 
be followed by the passage of the supernatent through a granular 
media filter to insure effluent quality. Reduction of iron and 
copper to below the one mg/l level was accomplished using the 
overall treatment scheme in figure VII-50. 

Hydrochloric Acid Without Copper Co~plexer. Many tifles HCl 
(without copper COI'lplexer) is used in con]unction with ammoniated 
sodium bromate solutions, and will be incorporated with the 
treatment schefle for that solution. However, it nay be used for 
removing heavy scales in boiler systems which do not contain cop
per, and thus the waste solution will not contain these rela
tively hard-to-break copper complexes. Effluent levels for iron 
and copper below one mg/l , are expected as treatment levels 
attainable for metals will approach theoretical solubilities when 
pH is adJustedl. 
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LEFT-HAND DIAGRAM. IN THE RIGHT THE RELATIVE DEGREE OF 

COMPLEXATION AS MEASURED BY pCu AS A FUNCTION OF 
CONCENTRATION IS DEPICTED ,(69) 
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Figure VII-51 shows theoretical solubilities of a nuMber of 
metals as a function of pH. FroM the diagram it may be seen that 
those metals found in waste hydrochloric acid cleaning solutions 
May be reMoved below 1 ng/l with pHs ad]uste& to approximately pH 
= 10. The adJ ustment of pH may be with the lime or sodium 
hydroxide, although sludge dewaterability is best when lime is 
used. 

The treatnent scheme employed for this waste strean is pH ad]ust
ment, sedimentaiton, and {possibly) polishing of supernatent with 
some form of filtration. 

Hydrochloric Acid With Copper Complexer. Thiourea and Cutain II 
are two copper complexing agents which have been employed along 
with hydrochloric acicl for the cleaning of boiler systems con
taining copper alloys. Successful treatment of these wastes, to 
obtain total metal residuals for iron and copper of below 1 mg/l 
each (61), involves breaking the copper complex and precipitating 
metal hydroxides. 

Thiourea and cutain II are multidentate ligands and, as such, are 
more stable than the ammonia-copper complex, ammonia being a 
monodentate ligand. Therefore, the saMe degree of dilution of 
these hydrochloric wastes to dissociate the complex is not as 
effective as it is for the degree of coMplexation. 

In most cases, dilution occurs by combining acid stage wastes 
with rinse waters or other metal cleaning wastes. The effect of 
such dilution may be found in bench-scale test data contained in 
table VII-34. In this case, wastes were diluted and pH was 
adJusted to 9.5, where metals were precipitated and then the 
samples were filtered. 

Another system using a similar treatment method also successfully 
removed netals below the 1 mg/l level. In addition, activated 
carbon has been used in order to absorb further the metal-complex 
species and toxic acid inhibitory chemicals {57). 

' Hydroxyacetic/Fornic Acid. This chemical solution has found wide 
use in cleaning supercritical boilers bercause of its high iron 
pickup capabilities. The hydroxyacetic/forMic acid solution 
chelates iron, and as such, is sub]ect to dilution in order to 
dissociate the complex. Dilution with other plant wastes fol
lowed by oxidation {to change iron from the ferrous to the ferric 
state) and pH adJustment should yield an effluent with iron and 
copper below the 1 mg/l level. 
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THEORETICAL SOLUBILITIES OF METAL 
IONS AS A FUNCTION OF pH (69) 
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I 

Table VII-34 
I 

TREATMENT OF ACID CLEANING WASTEWATER 
SUMMARY OF JAR TEsrs (61) 

Concentration (mg/l) 

Dissolved Before 
Metals Treatment After Treatment 

Zn 335 0.02 0.045 0.2 0.74 

Ni 375 0.04 0. 13 0.31 2.9 

Cu 306 0.03 0.34 0.32 0.35 

Fe 5, 140 0 .14 0.31 0.60 0.52 

Mn 41 .01 .01 0.04 0. 1 2 

v 0.8 • 1 . 1 . 1 0.5 

Dilution ------ 20 1 1 0 5 1 None 
prior to 
treatment 

pH adJUSted to 9.5 with lime 

Source Design Report Wastewater Treatment Facilities, New 
England Power Service Company 
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Sulfuric Ac Ld. Sulfuric acid, though used infrequently, may be 
employed on certain austeni tic type alloys for the removal of 
heavy deposJts. There are no complexing agents used in conJunc
tion with this chemical, and thus treatment is believed to be 
similar to that of hydrochloric acid (without copper complexer). 

Treatment Levels 

Incineration (Evaporation). Disposal of waste boiler cleaning 
solutions by means of incineration (evaporation) has been tested 
for disposal capacities during a number of tests. Al though 
metals were released to the environment, the organic content of 
the waste streams, along with obnoxious gases, were found to be 
nonexistent in the stack emissions. Problems could arise if 
stack controls are absent (57). The high temperature environment 
of the firebox area was shown to break down the organic content 
of the waste. 

One means of measuring the impact of stack emissions is by esti
mating grou~d level concentrations with the Threshold Limit 
Values (TLV) for various components. TLV is defined as the 
time-weighed average exposure to an airborne contaminant for a 
period of eight hours a day, five days a week, over an indivi
dual's working lifetime, which will not produce adverse effects 
( 56). Examination of various components of stack emissions for 
their TLV as fumes and dusts and mists, has been used by the 
Environmental Protection Agency for regulatory purposes. Such 
examination 0£ incineration operations of waste boiler cleaning 
solutions has shown TLV of the various Metals found in stack 
emissions to be below the allowable limits set by EPA. 

These low TVL values are a result of heavy metals components of 
the waste solutions being retained in the boiler stack areas with 
efficiencies approaching 98 percent in some cases. However, even 
at this level, considerable amounts of heavy metals leave the 
stack as a result of incinerating waste boiler chemical cleaning 
solutions. If these emissions were distributed in a volume of 
water equal to that of the original waste volume, the effluent 
concentration (Equivalent Treated Effluent Concentration) would 
be orders of Magnitude larger than present limits ( 1 mg/l). 
Table VII-35 illustrates the point for a number of incineration 
tests. 

Ash Pond Treatment. The mechanisms believed to be incorporated 
by the chemical/physical nature of ash ponds for treatment of 
boiler cleaning wastes are the same as those which were found to 
be effective in physical/chemical treatment processes (i.e., 
dilution, oxidation, pH adJustment, precipitation). However, 
with the ash ponds, control of these variables may be difficult 
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Table VII-35 
I 

EQUIVALENT TREATMENT OF INCINERAT'roN TESTS 

I 
I 

Percent Equivalent Treated 
Waste Characteristics Retained Effluent Concentration 

I 

Volume 90,850 liters 

Iron 727.27 kg 94 480 mg/l 

Copper 163 .64 kg 88 216 mg/l 

Nickel 36-36 kg 90 40 mg/l 

Volume 218,039 liters 

Iran 4142.74 kg 81 3456 mg/l 

Copper 69.77 kg 94 19 mg/l 
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(if not impossible) and thus the question of attainment of 
effluent limitations. The level achievable in the ash pond must 
be equal to the ori') inal level in the ash pond prior to Metal 
cleaning waste addition plus the value determined by dividing the 
effluent limitation (1 mg/l) by the dilution factor. Because of 
the accuracy and precision of the analytical Methods, such 
demonstration may not be possible in some cases. 

Physical/Chemical Treatment. Physical/chemical treatment Methods 
have been used successfully to treat solutions of chelated 
metals. By employing various unit processes, it is possible to 
have control of all reactions needed to reduce the levels of 
heavy netals in waste boiler cleaning chePucal solutions to below 
the one mg/l level. Table VII-36 shows the treatment levels of 
various treatnent schemes. 

COAL PILC AND CHEMICAL HANDLING RUNOFF 

One treatment technology applicable to coal pile and chemical 
handling runoff is chemical precipitation/sedimentation. Chemi
cal precipitation is discussed in the ash handling subsection of 
this section. Sedimentation is discussed in the 1974 Development 
Document (46). 

Flue Gas Cleaning Discharges 

In general flue gas cleaning processes employing wet scrubbing 
r1ake maximum use of recycle of slurry water. Typical systems use 
thickeners which produce a high solids waste stream which is 
ponded and a supernatent which is recycled to the scrubber. The 
solids settJ1ng is typically accomplished in a pond where Much of 
the water is retained as a part of the settled sludge. This 
water which overflows the pond is either recycled or discharged. 
While it was originally believed that most, if not all, such sys
tems could operate in a closed-loop or zero discharge mode sup
porting data to confirm this is not available. The Agency plans 
to continue research into scrubber system discharges and their 
control. 
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Table VII-36 

PHYSICAL/CHEMICAL TREATMENT PROCESSES 
AND EFFICIENCIES 

Waste Type and 
Treatment Scheme 

Hydrochloric acid with 
copper complexer 

Dilution + precipitation 
at pH • 1 sedimentation + 
filtration (61) 

Ammoniated EDTA 

H2S addition + precipita
tion at pH = 13 + 
sedimentation (57) 

Ammonical bromate + 
hydrochloric acid 

Dilution + precipitation 
at pH .. 8.2 sedimentation 
+ filtration (66) 

Parameter 

Fe 
Cu 
Zn 
Ni 
Mn 

Fe 
Cu 

Fe 
Cu 
Zn 
Ni 

Effluent 
Concentration 

(mg/l) 

0.01 
0. 14 
0.02 
0.04 
0.01 

o.s 
0.61 

* 
* 
* 
* 

*Indicates that the valuE! is below the detection liml.t. 
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SECTION VIII 

COST, ENERGY, AND NON-WATER QUALITY ASPECTS 

The cost, energy, and land requirements of the various treatment 
and control technologies described in section VII are presented 
in this section for typical steam electric powerplants. For most 
technologies, the costs are estimated for 25, 100, and 1,000 MW 
plants. For some of the fly ash handling technologies, the costs 
are estimated for 25, 100, 200, 350, 500, and 1,000 MW plants, in 
order to provide better information regarding the change in fly 
ash handling costs with de~reas1ng plant size. Only summary 
information is provided in this section. All costs are presented 
in 1979 dollars unless otherwise noted. A d1scuss1on of the 
non-water quality environmental effects of the various treatment 
and control technologies is also provided in this section. 

COOLING WATER 

Once-Through Cooling Water Systems 

The cap1 tal cost, operating and maintenance cos ts, energy re
qu1reme nts, and land requirements have been evaluated for the 
following technologies: 

Chlorine m1n1m1zat1on, 
Dechlor1nat1on, 
Alternative ox1d1z1ng chemicals 

chlorine dioxide 
bromine chloride 
ozone, and 

Non-ox1d1z1ng b1oc1des. 

Chlorine M1n1m1zat1on 

Cost, Energy, and Land Requirements. Summary cost, energy and 
land requirements for chlorine m1n1m1zat1on at both new and 
ex1st1ng plants are presented in table VIII-1. The requirements 
for retrof 1tt1ng an ex1st1ng plant are identical to the require
ments for a new plant. 

Non-Water Qual1tv Aspects. There are 
env1 ronme ntal effects identified with 
m1n1m1zat1on. 

Dechlor1nat1on 

no non-water quality 
the use of chlorine 

Costs, Energy, and Land Requirements. Summary costs, energy and 
land requirements at both new and ex1st1ng plants for dechlor1-
nat1on of onie1e-through cooling water systems are presented in 
table VIII-2. The requirements for retrof 1tt1ng an ex1st1ng 
plant are identical to the requirements for a new plant. 
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Table VIII-1 

SUMMARY OF COST, ENERGY, AND LAND REQUIREMENTS FOR 
CHLORINE MINIMIZATION IN ONCE-THROUGH COOLING WATER SYSTEr1S 

Capital Cost ($) 

Operation and Maintenance 
($/year) 

Energy Requirenents 
{kwh/year) 

Land Requirenents (acres) 

' Plant Size (MW) 

25 100 

36,000 37,000 

9,200 9,100 

negligible negligible 
I 

none none 

Table VIII-2 

1,000 

38,700 

8,500 

negligible 

none 

su:mARY OF COST, ENERGY, AND LAND RCQUIREMENTS FOR 
DECHLORINATION IN ONCE-THROUGH COOLING WATER SYSTEMS 

Plant Size (MW) 

25 100 1,000 

Capital Cost ( $) 77,000 91,500 127,000 

Operation and ~1a in tenanc e 
($/year) 20,000 36,400 84,900 

Energy Requirenents 
3.2xlo4 S.6x104 l.12x105 (k\lh/year) 

Land Requirenents (acres) none none none 

~OTE: Updated costs of chlorine control are presented in "Costs 
of Chlorine Control Options for Once-Through Cooling 
Systens at Steam Electric Power Plants," October 1981, 
Radian Corporation for EPA. 
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Non-Water Qualitv Asoects. There are no non-water quality 
environmental effects identified with the use of dechlorination 
technology. 

Recirculating Cooling Water Systems 

The capital cost, operational and maintenance costs, energy 
requirements, and land requirements have been evaluated for the 
following technologies: 

Dechlorination, 

Non-Oxidizing Biocides, 

Corrosion and Scaling Control, and 

Asbestos Cooling Tower Fill Replacement. 

Dechlorination 

Cost, Energy, and Land Requirements. Summary cost, energy and 
land requirements for dechlorination at both new and existing 
plants using recirculating cooling water systems are presented in 
table VIII-3. The requirements for retrofitting an existing 
plant are identical to the requirements for a new plant. 

Non-Water Quality Aspect~. Dechlorination of cooling tower 
blowdown is not expectea to result in any non-water quality 
environmental effects. 

Non-Ox1d1z1ng Bioc1des 

Costs, Energv, and Land Requirements. As detailed in Section 
VII, the technology evaluated for the control of the discharge 
of priority pollutants contained in non-oxidizing biocide 
formulations is substitution. No additional costs, energy or 
land requirements are expected to be involved in the use of 
nonpriority pollutant mixtures, as shown in table VIII-4. 

Non-Water Quality Aspects. 
containing, non-oxidizing 
non-water quality effects. 

Switching to non-priority pollutant
biocides :i,_s not expected to have any 

Corrosion and Scaling Control Chemicals 

Cost, En~, and Land Requirements. As detailed in Section 
VII, the technology evaluated for the control of the discharge 
of priority pollutants contained in scaling and corrosion 
control formulations is substitution. The additJonal costs, 
energy and land requirements incurred in switching from a 
priority pollutant-containing, scaling and corrosion control 
mixture to one that contains no priority pollutants are pre
sented in table VIII-5. 
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Table VIII-3 
I 

SUMrtARY COST, ENERGY AND LAND REQUIREMENTS FOR 
DECHLORINATION OF RECIRCULATING COOLING SYSTEM DJSCHARGE 

( BLOWDOWN) I 

Plant Size (MW) 

25 100 ],000 

Capital Cost ($) 54,200 54;200 57,200 

Operation and Maintenance 
($/year) 6,100 6,100 6,300 

Energy Requirements 
1. 6x103 1. 6xl03 1. 6x103 (kwh/year) 

Land Requirenents (acres) negligible negligible negligible 
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Table VIII-4 

SUMMARY COST, ENERGY AND LAND REQUIREMENTS FOR SWITCHING 
TO NON-PRIORITY POLLUTANT CONTAINING NON-OXIDIZING BIOCIDCS 

Capital Cost ($) 

Operation and Maintenance 
($/year) 

Energy Requirements 
(kwh/year) 

Land Requirements (acres) 

Plant Size (MW) 

25 100 1,000 

None None None 

The O&rt cost (cheMical purchase cost) 
of non-priority pollutant non-oxidiz
ing biocides is less than for chlori
nated phenols. 

None None None 

None none None 

Table VIII-5 

sum1ARY COST, ENERGY AND LAND REQUIREMENTS FOR SWITCHII~G 
TO NON-PRIORITY POLLUTANT CONTAINING CORROSION AND 

SCALE CONTROL CHEMICALS 

Plant Size (MW) 

25 100 1,000 

Capital Cost { $) None None None 

Operation and t1ain tenance 
($/year) 1,800 5,200 36,000 

Energy Requirements 
(kwh/year) negligible negligible neg l ig ibl e 

Land RequireMents (acres) negl1g1ble negli9ible negligible 
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Non-Water Quality Aspects. Sw1 tch ing to non-priority pollutant.
conta1n1ng, scale and corrosion control chemicals is not expected 
to have any non-water quality effects. 

Replacement of Asbestos Cooling Tower Fill ' 

The technology evaluated for the control of the discharge of 
asbestos in cooling tower blowdown is the replacement of the 
asbestos fill mater1dl with fill material of ceramic, PVC, or 
wood. The cost for asbestos cement fill replacement is extremely 
site-specific. Factors such as the current fill configuration, 
plant location, fill chosen for replacement, local labor wages 
and availab1l1 ty, prmnmi ty to appropriate asbestos fill disposal 
site and time available for f 111 replacement (cooling tower must 
be out of service) all affect the cost of fill replacement. The 
general range of the f 111 replacement costs can be estimated 
from repair work done by cooling tower manufacturers in the 
past. In one such case, the existing asbestos cement fill was 
damaged due to problems with the water chemistry of the recir
culating water. This resulted in the leaching of calcium 
carbonate from the asbestos cement whlch brought about rapid 
fill deterioration. In another case, water freezing in the fill 
brought about serious damage. In both instances, complete fill 
replacement was necessary. Cost data for these two instances is 
summarized in table VlII-6. 

The values which appear in the table serve as only general guide
lines and may vary as much as 50 percent due to site-specific 
conditions. The costs include the labor cost for removal of tpe 
old fill, the cost of the new fill material which was of PVC or 
other asbestos-free composition, and the labor cost to install 
the new fill. They do not include the cost of disposal of the 
old asbestos cement fill. In the c~se of the 700-megawatt 
plant, some additional modifications to increase the thermal 
capacity of the tower were done at the time of the asbestos fill 
replacement. This brought the total cost of that pro]ect to 
about $3.5 million while effecting about a 15 percent increase 
in thermal capacity. 

Labor costs were estimated to run between one-third and one-half 
of the total replacement cost. This cost will vary depending on 
how the labor force is scheduled. 

The operational costs of the tower may decrease upon asbestos 
fill replacement if the new fill and other tower modifications 
increased the tower efficiency. Yearly savings amounting from 
this are extremely s1te-spec1f 1c. 

The data indicate that costs in the range of $1-9 million can be 
expected for asbestos fill replacement allowing for the +50 
percent accuracy of the costs. 

Non-Water Quality Aspects. The asbestos fill removed from the 
cooling tower may be considered a hazardous waste and require 
special disposal practices. 
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Table VIII-6 

COOLING TOWER FILL REPLACCMENT COSTS 

Cost of Cost of Total 
Size of Plant Materials Labor Cost 
Cooling Tower Type (Million (Million (Million 
Was Servicing of Dollars Dollars Dollars 

(MW) Fuel 1979) 1979) 1979) 

700 Fossil 2 1 3 

900 Nuclear 4 2 6 
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ASH HANDLING 

In resp?nse to comments received on the proposed regulation, the 
Agency has collected more data on the costs of fly ash disposal 
systems for new sources and reevaluated the costs of dry and wet 
ash handling and disposal. Dry ash handling and disposal costs 
were developed and compared with the cos ts of wet ash handling, 
including chemical precipitation for 9nce-through sluicing. 

The wet fly ash disposal system represents typical wet disposal 
methods utilized by existing plants in the industry. Costs of 
each system were developed from transport from ash hoppers 
through ultimate land disposal. Annualized costs were calculated 
for two generating capacities, 500 MW and 1,000 MW f:or both the 
wet and dry systems. Table VIII-7 shows the results of this 
comparison. Table VJ.II-8 presents the capital costs. The 
components of this evaluation and the bas is for the cos ting are 
presented in the following sections. 

The conclusion reached in this comparison is that, on an annual
ized cost basis, dry handling and disposal is less expensive than 
wet handling and disposal for fly ash from new plants of 500 mw 
or greater generating capacity. 

While the Agency does not expect the cost differential between 
wet and dry systems to be as great for smaller plants, the costs 
appear to be comparable. However, the Agency did not develop 
additional data since construction of smaller new source plants 
is not anticipated. 

Fly Ash 

Two treatment and control options for discharges from fly ash 
handling systems are costed in this section. They are: 

1. Dry fly ash handling, 

2. Once-through sluicing with chemical precipitation. 

use of dry fly ash handling includes dry vacuum and dry pressure 
pneumatic conveying systems. 

The once-through sluicing system involves sluicing the ash to a 
pond with the sluice water passing through a chemical precipita
tion system prior to discharge. The inf orma ti on presented for 
the fly ash handling systems includes capita! cos ts, operating 
and maintenance costs, energy requirements, and land require
ments. 

Dry Fly Ash Handling 

Both pneumatic vacuum conveying and pneumatic pressure conveying 
were evaluated. Technical descriptions of, these two systems are 
presented in cnapter VII. The costs of each system were ad
dressed separately and then were combined into a "composite" cost 
for a typical plant by consideration of the numbet of plants 
using each technology. 
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Table VIII-7 

Annualized Costs, Dry vs Wet Fly Ash Disposal 
(in $1,000) 

500 MW 1,000 MW 
Ash Ash Transport Ash Ash Transport 

Collection and Disposal Total Collection and Dis12osal Total 

Dry fly ash 

Capital (Arno rt. ) 376 200 576 717 282 999 
O&M 526 2,878 3,404 724 5,716 6,440 
Energy 12 * 12 35 * 35 
Land 3 18 21 4 24 28 

oil-
O'I TOTAL 917 3,096 4,013 1,480 6,022 7,502 
U1 

Wel: fly ash 

Capital (Arno rt. ) 210 309 519 331 435 766 
O&M 693 5,717 6,410 1,120 11,345 12,465 
Energy 30 * 30 38 * 38 
Land 1 24 25 2 42 44 

TOTAL 934 6,050 6,985 1,491 11,822 13,313 

*Energy costs included in O&M costs. 



Table VIII-8 

Capital Costs for New Source Dry Fly .Ash Handling Systems 

{million dollars) 
I 

Plant Size (megawatts) 

500 1000 
---' 

I 
I 

6.76 Ash Collection 3.54 

Ash Transport/Disposal 1. 89 2.66 
--r 

Total 5. 4'3 9.42 
I 
I 
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Dry fly ash handling capital costs are presented for these two 
technologies in terMs of new plants and existing plants. 
Existing plants have an additional cost factor included for each 
case, that is, retrofit costs. Retrofit costs are presented as 
estimates because the costs are very site specific. In all 
cases except the chemical precipitation system, the retrofit 
cost will equal the cost to install the system. The chemical 
precipitation retrofit cost was estimated to be 10 percent of 
the installation cost. This cost reflects a number of items: 
labor to ~emove certain equipment, labor to reroute existing 
piping, and resulting downtime to ins tall the new system. New 
plants will not bear such additional costs. The engineering and 
contingency estimate is 20 percent of the installed system with 
retrofit cost. 

Capital Costs for Dry Fly Ash Handling Systems. The capital 
costs for dry fly ash disposal systems (table VIII-8) were cal
culated for the dry ash to a storage silo and wet ash conveyance 
to a pond, ash transport by truck one mile to the disposal site, 
and the disposal site. Ash collection equipment, except for the 
dry storage silo, was costed for an ash conveying rate equal to 
twice the actual ash generating rate. The silo was sized based 
on a 72-hour storage capacity. A factor of 2.5 times the total 
equipment cost was used to estimate the total installed cost of 
the system. The trucks for transport were costed at 100 percent 
operating factor. The ash disposal site was costed on the basis 
of a 60 percent coal ash generating rate for 30 years. In 
addition, for existing plants, the retrofit cost was estimated as 
equal to the cost for installing the equipment. Engineering and 
contingenc1es were estimated as 20 percent of the installed 
system cost5 with retrofit penalties. 

Operating and Maintenance (O&M) Costs. Operating and Maintenance 
costs for the dry fly ash disposal system include operating labor 
and three percent of capital equipment cost for maintenance and 
materials. 

Energy Requirements. The energy requirements for either the 
vacuum or pressure systems involve, for the most part, the power 
requirements for the blowers. The range of power requirements 
for these blowers is from 38 KW to 180 KW at 150 TPH of fly ash. 
Other energy consuming -equipment includes: silo aerators, 
unloaders, vent return line blowers, and silo heating coils. 
Table VIII-9 presents the annual energy requirements for the 
vacuum and pressure systems. 

Land Requirements. The land requirements for the dry fly ash 
handling systems are given in table VIII-10. Land is required 
to contain the silo, blowers, piping, and the disposal site. 

Non-Water Qualitv Aspects. Air Pollution--Application of dry 
fly ash handling may cause a higher dust loading in localized 
areas around the fly ash transport transfer points. A baghouse 
or other type of dust collection system will minimize such 
impacts. The costs of such dust control systems are included 
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Table VIII-9 

Energy Requirements for New Source Dry Fly Ash Handling Systems 
(million kw-hr/year) 

I 

Plant Size (megawatts) 

500 1000 -,-

0.340 0.980 

Table VIII-10 

Land Requirements for New Source Dry Fly Ash Handling Systems 
(acres) 

Plant Size (megawatts) 
I 

500 1000 -,-

5.5 10.0 
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in the economic analysis. Dry fly ash landfill sites are subJect 
to dusting problems, especially in arid regions. Until the site 
can be sealed with a cap or vegetative cover, watering to control 
dust may be required. 

Solid Waste--No additional solid wastes are expected as a result 
of these regulations, including for dry fly ash transport and 
disposal. Further, fly ash, whether wet or dry, has a wide 
variety of industrial uses, such as fill or cover material, soil 
conditioners, roadway bases, drainage media, pozzolan, structural 
products, aggregate, grout, and metal extraction. Usage of this 
material eases disposal requirements. 

Consumptive Water Loss--Less consumptive water loss is expected 
from dry fly ash handling and disposal than wet fly ash handling 
and disposal because of less overall water usage. The amounts of 
water used for dust control in dry fly ash systems should be no 
more than the amounts of water consumed in wet fly ash transport 
and disposa.L. 

Once-Through Discharge of Sluice Water After Chemical 
Precipitation 

The technology addressing this category is ponding of the fly 
ash with total discharge of sluice water after chemical precipi
tation. The system includes a clear pond and the addition of a 
chemical precipitation system. The costs and other requirements 
for this system are addressed in a manner similar to those for 
the dry fly ash handling systems. Similar assumptions were used 
for new and existing plants, pulverized and cyclone-fired boilers. 

Capital Costs. The annual costs for new source wet fly ash 
handling system are presented in table VIII-7. Capital costs are 
presented in table VIII-11. The equipment upon which the capital 
costs were bdsed are a clear pond to hold three years generation 
of fly ash at a 60 percent generating rate, piping, pumps, the 
equipment a5sociated with the chemical precipitation system, and 
ash pile construction costs. Further description of this system 
can be found in Section VII. 

Operating and Maintenance Costs. The O&M costs for the wet fly 
ash handling system are based on operation of a clear pond, 
piping, pumps and the chemical precipitation system. 

Energy Requirements. The energy requirements for the wet fly 
ash disposaJ systems are presented in table VIII-12. The 
energy requl t.ements are based on the energy used by the pumps, 
dispensers, dnd mixers for the chemical precipitation system. 

Land Requirements. The land requirements for this system are 
presented in table VIII-13. The land requirement is based on a 
clear pond, piping from the sluice pumps to the pond, the land 
needed for the chemical precipitation system, and the land for 
the ash disposal pile. 
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I 
Table VIII-11 f 

Capital Costs for New Source Chemical Precipitation of 
Once-Through Fly Ash Sluicing Systems 

II 

(million dollars) 

Once-Through Sluicing 
with Chemical Precip1tation 

Ash Collection 

Ash Transport Disposal 

Total 

470 

Plant Capacity (MW) 

500 

1.98 

2 .'91 __.___ 

4.89 

1000 

3.12 

4.11 

7.23 



Table VIII-12 

Energy Requirements for, New Source Wet Chemical Precipitation 
of Once-Through Fly Ash Sluicing Systems 

(million kilowatt-hours/year} 

Once-Through Sluicing 
with Chemical Precipitation 

Plant Capacity (MW) 

500 1000 

0.857 1.09 

Table VIII-13 

Land Requirements for New Source Chemical Precipitation 
of Once-Through Fly Ash Handling Systems 

{acres) 

Once-Through Sluicing 
with Chemical Precipitation 

Plant Capacity {MW) 

500 1000 

4.5 8.7 
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Non-Water Quality AspecLs. rhe use of, chemical precipitation 
will result in a lirne-~ludge which must be disposed of in a 
properly operated landfill. Proper landfill operation would 
insure against the possibility of leaching of material in the 
sludge which may otherwise enter groundwater. 

Bottom Ash 

The discussion of bottom ash handling systems will include 
individual presentations of capital costs, operating and mainten
ance annual costs, energy requirements, and land requirements 
for 25, 100, and 1,000 MW 'typical' plants. The specific tech
nologies associated with bottom ash handling are presented for 
complete recycle and partial recycle. The concept of complete 
recycle, as discussed in Section VII, involves the elimination 
of any direct discharge from the sluicing system water circuit. 

Partial recycle allows for a continuous direct discharge from 
the sluice system w1th the remainder of the sluice stream 
returned to the main sluice pumps. 

Complete Recycle 

The technologies addressed in the complete recycle category 
include hydrobin/dewatering bin systems, and ponding with 
recycle. Both technologies use slip stream softening. Costs 
for each of these technologies were composited in order to 
generate typical costs for a given plant installlng complete 
recycle bottom ash handling. Both existing and new facilities 
are addressed. Exist i.ng plants have an additional cost factor 
included for each case, the retrofit costs. In all cases, the 
retrofit cost was assumed to equal the cost to install the 
system. This retrofit cost reflects a number of i terns: labor 
to remove certain existing equipment, labor to reroute existing 
piping, and resulting downtime to insta.1,1 the new system. New 
plants will not have to contend with this added cost. 

Capital Cost. The capital costs are presented in table VIII-14 
for the bottom ash handling systems which are considered for 
complete recycle. 'J'he dew a ter i ng bins sys tern/slip s trearn 
softening capital costs are the summation of the dewatering bin 
system and slip stream sof~ening system costs. The slip stream 
softening system cost is based on treatment of 10 percent of 
the ash sluicing stream. For existing plants, an installation 
factor of 2.5 times the equipment cost is used. 

The retrofit "penalty" i~ considered to be equal to the cost of 
installation; the engineering and contingency are estimated at 
20 percent of the installed system cost. 

The second maJOr system that was costed for a complete recycle 
scenario was ponding with recycle. The pond was assumed to be 
built one mile from the bottom ash sluice pumps. The slip stream 
softening system was assumed to treat 10 percent of the recycle 
stream and used the same equipment as presented above. 
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Table VIII-14 

Capital Costs for Complete Recycle Bottom Ash Handling System 
(million dollars) 

Plant Capacity (MW) 

System 25 500 1000 

Complete Recycle with Softening 

Existing 1. 431 1. 569 2.508 

New 0.882 0.967 1. 381 
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Operating and Maintenance Costs. Maintenance and materials 
items are different for hydrobin systems and recycle systems. 
For hydrobin systems, the annual maintenance and materials cost 
is estimated at two percent of the equipment cost. For recycle, 
this annual cost is assumed to be one percent of equipment cost. 
The slip stream softening O&M costs were ~alculated based on the 
amount of sluice water treated. A nominal ash disposal cost was 
assumed for the dewatering bin systems; this cost was $1 per ton 
of bottom ash produced. This cost was based on the assumption 
that a plant would have to dispose of ash material regardless of 
any water discharge regulations. Thus, the difference in 
operating costs for chsposal will be minimal. Costs for both 
systems were composited in order to generate typical costs for a 
given plant installing complete recycle bottom ash handling. 
The operation and maintenance costs are presented in table 
VIII-15. 

Energy Requirements. The estimation of energy requirements is 
based on annual consumption of electricity. The requirements 
for the dewatering bin systems are based on the pumping require
ments. Energy requirements for both systems were composited 
into typical energy requirements for a given plant installing 
complete recycle bottom ash handling. The energy requirements 
are presented in table VIII-16. 

Land ReauireMents. The land requirements for a complete recycle 
system are given in table VIII-17. For recirculating systems, 
land requirements are for the clear pond and piping from the 
clear pond to the bottom ash hoppers. For the dewatering bin 
systems, land is required for the bins, tanks and pumps and 
piping. 

I 

I 

Non-Water Quality Aspects. The use of complete recycle may 
require chemical softening of the recycle water. This would 
result in a lime sludge which must be disposed of in a landfill. 
If proper landfill opera tons are used, the potential problem of 
leaching into groundwater can be avoided. 

Partial Recycle 
' 

The technologies addressed for bottom ash' partial recycle systems 
are essentially the same as those presented for complete recycle. 
The ma JOr difference be tween the two 'scenarios is that the 
partial recycle bot tom ash handling sys terns will not include a 
slip stream softening system. 

The costs and other requirements were addressed in the same 
manner as for the complete recycle systems. Similar assumptions 
were utilized for address-ng new and existing plants, pulverized 
and cyclone-fired boilers. 

Caoital Cost. The capital costs for partial recycle systems 
are presented in table VIII-18. The equipment upon which these 
costs are based, i.e., dewatering bins without slip stream 
softening and recirculation without slip stream softening system, 
may be found in the capital cost discussion for complete recycle 
systems. 
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Table VIII-15 

OPERATING AND MAINTENANCE COSTS FOR COMPLETE RECYCLE 
BOTTOM ASH HANDLING SYSTEM 

(million dollars/year) 

Plant Capacity (MW) 

Syster'l 25 100 1000 

Complete Recycle with Softening 

0.440 0.445 0.561 

New 0.440 0.445 0.535 

Table VIII-16 

ENERGY REQUI:::u::.rn:lTS FOR cortPLI::TE RECYCLE I30TTGr1 ASH 
HANDLING SYSTEM 

(kwh/year) 

Plant Capacitv ( ~1W) 

Syste111 25 100 1000 

Complete Recycle ''11th 
Softening 

existing 1.19xlQ5 l.96xl05 l.48xl06 

New 1.12xl05 1. 53'<105 1. 04xl06 
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Table VIII-17 

LAND REQUIREMENTS FOR COMPLETE RECYCLE BOTTOM ASH 
HANDLING SYSTEM 

(acres) 

Plant Capacity (MW) 

Sys ten 25 100 1000 

Complete Recycle 

Existing 3.55 3.8 5.4 

New 3.55 3.8 5.4 

Table VIII-18 

CAPITAL COS'l.'S FOR PARTIAL RECYCLE BOTTOM ASH HANDLING SYSTEM 

Svsten 

Partial Recycle 

New 

(nillion dollars) 

Plant Capaci.tv (MW) 

25 

1. 260 

0.787 

476 

100 

1. 262 

0.814 

1000 

1. 59 

1.41 



Operating and Maintenance Costs. The O&M annual costs estimated 
for the partJal recycle systems are based on the same assumptions 
as for the complete recycle technologies. The slip stream soft
ening O&M costs are omitted in the partial recycle cases. Table 
VIII-19 presE:nts the O&M costs for the partial recycle systems. 

Energy Requirements. The energy requirements for the partial 
recycle systems are based on the same assumptions as for the 
complete recycle technologies. The slip stream softening energy 
requirements are om1 tted in the partial recycle cases. Table 
VIII-20 presEmts the annual energy requirements for the partial 
recycle systems. 

Land Requirements. The land requirements estimated for the 
partial recy~Je systems are based on the same assumptions as for 
the complete recycle technologies. The slip stream softening 
land requirements are omitted in the partial recycle cases. 
Table VIII-21 presents the land requirements for partial recycle 
systems. 

Non-Water Quality Aspects. No nonwater quality impacts were 
ident1f 1ed as a result of requ1r1ng partial rec1rculat1on of 
sluice water. 

LOW VOLUME-WASTES 

The technology costed for the treatment of low-volume wastes is 
vapor compression evaporation (VCE). The sources of these 
wastes tend t.o be intermittent and batch in nature, requ1r1ng a 
basin to equalize the flow prior to treatment. The cost for 
diked impoundment of the water, assuming $10,000 per irnpoundrnent 
acre, is shown in table VIII-22. 

The installed battery 11m1ts costs for the VCE system are shown 
in table VIIl -·23. The system life is expected to be 30 years. 
The materials of construction for the system are t1tan1um, 
stainless steel and special steel alloys. 

The technologies costed for the disposal brine (evaporator 
bottoms) are 1evaporat1on ponds and spray drying. The capital 
and O&M costs for a typical diked clay-lined pond for 20 inches 
per year net evaporation are presented in table VIII-24. These 
costs are based on the following items: 

dirt and excavation cost--$20,000 per acre, and 
clay costs and installat1on--$20,000 per acre. 

The capital costs, O&M costs, and energy and land requirements 
are presented in table VIII-25. No non-water qual1 ty impacts 
were ident1f ied as a result of implementing these technologies. 
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Table VIII-19 

OPERATING AND MAIN'TENANCC COSTS FOR PARTIAL RECYCLE 
BOTTOM ASH HANDLING ~YSTEM 

SysteM 

Partial Recycle 

Existing 

New 

(million dollars/year) 

Plant Capacity (MW) 

25 

0.355 

0.355 

Table VIII-20 

100 

0.359 

0.357 

1000 

0.421 

0.395 

ANNUAL ENERGY REQUIREMENTS FOR PARTIAL RECYCLE BOTTOM ASH 
HANDLI:~G SYSTEM 

(kwh/year) 

Plant Capacity (MW) 

Sys ten 25 100 1000 

Partial Recycle 

Existing 0.99xlo5 1.72xl05 1. 42xlo6 

New 0.92xlo5 1. 30xl05 9.80xlo5 
' 
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Table VIII-21 

LP.tm REQUIREMENTS FOR PARTIAL RECYCLC BOTTOM ASH 
HANDLING SYSTEMS 

(acres) 

Plant Capacitv (MW) 

System 25 100 1000 

Partial Recycle 

Existing 3.55 3.8 5.4 

New 3.55 3.8 5.4 

Table VIII-22 

IMPOUNDMEUT COST 

Plant Size (MW) 

25 100 1000 

Capital Cost ( $) 4,200 8,400 12,000 

Operation and l1aintenace 
($/year) negligible negligible negligible 

Land RequireMents (acres) 0.35 0.7 1. 0 
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Table VIII-23 

COST OF VAPOR COMPRESSION EVAPORATION SYSTEM 

Plant Size (MW) 

25 100 1000 

Installed Capital 
Cost ($)a 1,140,000 2,040,000 2,880,000 

Operation and Maintenanceb 
($/year) 25,000 32,000 39,000 

Energy Requirenents 
l. 6x106 3.2xl06 4.8x106 (kwh/year) 

Land Requirements (ft2) 4,000 4,000 4,000 

a - The capital costs include 10 percent for engineering and 
10 percent for contingencies. 

b - The operation and naintenance costs assume continuous 
operation at a 55 capacity factor. 

Table VIII-24 
I 
I 

COST OF EVAPORATION POUDING 

Installed Capital Costa ($} 

Operation and rtaintenance 
($/year} 

Energy Requirement (kwh/year) 

Lanu Require~ents (acres) 

a - Cost of land not included. 

25 
I 

129,000 

3,240 

neg libile 

2.7 

480 

Plant S1ze (MW) 

100 1000 

259,000 388,800 

6,480 9,720 

negligibJe negligible 

5.4 8.1 



COAL PILE RUNOFF 

For the treatment of coal pile runoff, two treatment and dis
charge options are presented: 

Option 1--equalization, pH adJustment, settling 
Option 2--equalization, chemical precipitation treatment, 

settling, pH a?Justmen~. 

The costs of Option l include impoundment (for equalization), a 
lime feed system and mixing tanks for pH adJustment, and a 
clarifier for settling. 

The costs for the impoundment area include diking and containment 
around each c<:>.:i.l pile and associated sumps and pumps and piping 
from runoff areas to impoundment area. The costs for land are 
not included. The cost of impoundrnent for pH adJustment is 
shown in table VIII-26. 

The lime feed system employed for pH adJustment includes a 
storage silo, slaker, feeder, and lime slurry storage tank, 
instrumentation, electrical connections, piping and controls. 
The capital and O&M costs for pH adJustment are shown in table 
VIII-27. Rubber-lined steel mixing tanks are employed to 
accommodate wastes with a pH of less than 6. The capital and 
O&M costs as well as energy and land require~ents for mixing are 
presented in table VIII-28. 

The clarifier is assumed to have a 3-hour retention time. The 
costs of clarification are presented in table VIII-29. 

The costs of Option 2 include impoundment for equalization, a 
lime feed system, 'llixing tank, and polymer feed system for 
chemical prec1pitation, a clarifier for settling and an acid 
feeder and munng tank to readJ ust the pH within the range of 6 
to 9. The equipment and system design, with the exception of 
the polymer feeder, acid feeder and final mixing tank, is 
essentially the same as for Option 1. 

The costs for the impoundment area are the same as for Option l 
(refer to table VIII-26). 

The costs for the li'lle 
VIII-30. The components 
for Option 1. 

teed system are presented in 
of this system are the same as 

table 
those 

Two tanks are required for Option 2--one for precipitation and 
another for final pH adJustrnerit with acid. The cost of mixing 
is therefore twice that of 'Jption l (refer to table VIII-28). 

The polymer feed systeri includes storage hoppers, chemical 
feeder, solution tan1<.s, soL..1tion pumps, interconnecting piping, 
electrical connections and instru'llentiltion. The costs of the 
polymer feed system are 3ho~n in table VIII-31. 
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The cost of clarification is identical to that of Option 1 
(refer to table VIII-29). 

Option 2 requires the use of an acid addition system to read]ust 
the pH within the range of 6 to 9. The components of this 
system include a lined acid storage tartk, two feed pumps, an 
acid pH control loop, and associated piping, electrical con
nections and instrumentation. The spec1f1c costs, including 
energy and land requirements, of the achd feed system are pre
sented in table VIII-32. 

482 



Table VIII-25 

COST OF SPRAY DRYIHG SYSTE'1 

Plant Size (MW) 

25 100 . 1000 

Installed Capital Cost ( $) 600,000 648_, 000 _744,000 

Operation and Maintenance 
($/year) 25,000 25,800 27,400 

Energy Requirements (kwh/yr) 3.7xJ06 7.4xlo6 l. Oxl07 

Land Requirements (ft2) 800 800 300 

Table VIII-26 

COST OF H1POUNDMCNT FOR COAL PILE RUNOFF 

Plant S i z e ( MW ) 

25 100 1000 

Installed Cap1tal Cost ($) 4,500 4,500 9,000 

Operation and Maintenance ($) negligible negligible negligible 
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Table VIII-27 

COST OF LIME FEED SYSTEM 
i 
I 
I 

I 

Plant Size (MW) 

25 100 1000 

Installed Capital Cost ( $) 91,200 168,000 258,000 

Operation and Maintenance 
($/year) 3,800 7,000 11,500 

Energy Requirements (kwh/yr) 3.6xl04 3.6xl04 3.6xl04 

Land Requirements (ft2) 5,000 5,000 5,000 

Table VIII-28 

COST OF MIXI!'JG EQUI Pr1ENT 

Plant Size (MW!_ 

25 100 1000 

' 

Installed Capital Cost ( $) 43,200 69,000 76,300 

Operation and r1aintenance 
($/year) 1,500 1,600 1,700 

Energy Require1'len ts (k\lh/yr) l.3xlo3 3.3...cl03 6.Sxlo3 

Land RequireCTents (ft2) 2,000 2,000 2,000 
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Table VIII-29 

CLARIFICATION 

Plant Size {MW) 

25 100 1000 

Installed Capital Cost { $) 120,000 156,000 186,000 

Operation and Maintenance 
l$/year) 2,100 2,400 2,700 

Energy RequireMents (kwh/yr) l.3xl03 3.3xl03 6.Sxl03 

Land Requirements (acres) 0.07 0.11 0.16 

Table VIII-30 

COST FOR LIME FEI:D SYSTE:1 

Plant Size {MW) 

25 100 1000 

Installed Ca~1tal Cost { $ ) 91,200 168,000 258,000 

Operation and ~lain tenance 
($/year) 3,800 7,000 11,500 

Energy Requirenents (kwh/yr) 3.6xl04 3.6xl04 3.6xl04 

Land Requirements (ft2) 5,000 5,000 5,000 
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SECTION IX 

BEST AVAILABLE TECHNOLOGY ECONOMICALL'.!' ACHIEVABLE 
GUIDEL[NES AND LIMITATIONS, NEW SOURCE PERFORMANCE 

STANDARDS, AND PRETREATMENT STANDARDS 

The technical information presented in the prev:0us sections 
was evaluated in light of the Water Pollutio .... Control Act 
(P.L. 92-500) as amended and the Settlement Agreement in NRDC vs. 
Train 8 ERC 2120 (D.D.C. 1976), modified at 12 ERC 1833 (D.D.C. 
19 76). The Jl1gency has determined, from the list of technology 
options, the best available technology economically achievable 
and new source performance standards for the following waste 
streams: 

1. Once-Through Cooling Water 

2. Cooling Tower Blowdown - Recirculating Cooling Water 

3. Fly Ash Transport Water 

4. Bottom Ash Transport Water 

5. Low Volume Wastes 

6. Chemical Metal Cleaning Wastes 

7. Coal Pile Runoff 

The followin9 discussion summarizes the final regulations 
and the changes from the proposal. It first discusses require
ments pertainJng to all wastestreams. Each regulated waste
stream is then discussed in the following order: once-through 
cooling water, cooling tower blowdown, fly ash transport water, 
bottom ash transport water, low volume wastes, chemical metal 
cleaning waste•i:,, and coal pile runoff. For each wastestream, a 
discussion of the existing, proposed, and final limitations is 
presented along with an explanation of the changes from proposal. 
The discussion covers those previously promulgated limitations 
which ate retained and the revisions being promulgated. 

Additional back.ground ma ter1al may be found in the preamble to 
the proposed rule (45 F.R. 68328, Oct. 14, 1980) and the pr-eamble 
to the final rule (47 F.R. 52290, Nov. 19, 1982). 
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1. All Wastewater Streams 

(a) Best Conventional Technology (BCT) 

EPA proposed BCT limitations for TSS and oil and grease based 
on the "cost-reasonableness" test that was reJected in part in 
the American Paper Institute v. EPA case mentioned previously. 
Therefore, before promulgating BCT limitations, EPA must repro
pose them based on the revised BCT methodology proposed on 
October 29, 1982. See 49 FR 49176. In the interim, EPA is 
reserving BCT for the entire steam electric power industry. The 
Agency is also withdrawing the BAT limitations now in the Code 
of Federal Regulations for TSS and oil and grease since these 
pollutants are now regulated under BCT, not BAT. 

(b) Polychlorinated Biphenyl Compounds (PCBs) 
I 

The discharge of PCBs in any type of wastewaters from this 
industry is pr oh ibi ted. Th is 1 imitation was promulgated in 
1974 and 1977 for BAT, NSPS, and PSES. EPA did not propose 
any changes in 1980 with the exception of adding PCB coverage 
for PSNS. 

(c) Commingling of Waste Streams 

Where two or more different types of waste streams are com
bined for treatment or discharge, the total allowable discharge 
quantity of each pollutant may not exceed the sum of the allow
able amounts for each individual type of wastewater. This 
requirement was promulgated in 1974 and EPA did not propose any 
changes in 1980. 

(d) Mass Limitations and Concentration Limitations 

' The existing and proposed regulations specified that permits 
were to be based on mass limitations to be calculated by multi
plying flow by concentration. The final rule allows the per
mitting authority to establish either concentration or mass 
limits for any effluent limitation or ~tandard, based on the 
concentrations specified in the regulations. 

I 

The Agency concluded t.hat the use of mass-based limits in all 
c1rcums tances is undesirable. The potentially large variations 
in flow make it difficult in some cases 'to choose a representa
tive flow. Incorrect selection of a r~presentative flow may 
result in limits that are either too st'ringent or too lenient. 

Accordingly, the Agency decided to give the permit writer the 
authority to incorporate either concentration-based limits or 
mass-based limits into the permit, see e.g., §423.12(6) (11). 
Case-by-case determinations may be made, depending on the 
characteristics of the particular facility. Providing the 
permitting authority this flexibility will allow the choice 
of the most suitable limits for each plant, thereby promoting 
effluent reduction benefits. 
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These changes also apply to BPT per111i ts since BPT permits may 
continue to be written for conventional pollutants until BCT 
limits are promulgated. 

Where the permit contains concentration-based limits at the 
outfall for a combined waste treatment facility (e.g., ash 
ponds), the permit writer may establish numerical limits and 
monitoring on the individual, regulated waste stream prior to 
their mixing.. See 40 CFR 122.63(i). The use of concentration 
based limits may necessitate the internal monitoring of several 
waste streams (i.e., cooling tower blowdown, metal cleaning 
wastes) to ensure that the pollutants of concern are not diluted 
by other waste streams where commingling occurs. 

It should be noted that the "actual production" rule in 40 CFR 
§122.63(b)(2) does not apply to this industry. 

(e) Pretreatment Standards for Existing Sources (PSES) 

EPA is withdrawing the 1977 PSES requirement from oil and 
grease for all waste streams, as proposed in 1980. There was no 
PSNS for oil and grease. The 1977 PSES limited oil and grease 
based upon a maximum concentration of 100 mg/l. The Agency has 
determined that, for this industry, this level is no longer 
appropriate because oil and grease levels in raw wastestreams 
are most typically less than 100 mg/l. No lower level of 
control for oil and grease is being established for PSES because 
the Agency found that oil and grease at levels less than 100 
mg/l do not interfere W!th or pass through POTWs. 

2. Once-Through Cooling Water 

(a) Previous Limitations 

The 1974 BPT, BAT and NSPS limited free available chlorine 
(FAC) with mass limitations based upon 0.2 mg/l daily average 
concentration and 0.5 mg/l daily maximum concentration. Neither 
FAC or TRC could be discharged from any single unit for more than 
two hours per day and multi-unit chlorination was prohibited. 
There was an exception from the latter requirements if the 
utility could demonstrate to the permitting authority that the 
units in a particular location could not operate at or below this 
level of chlorination. 

(b) Final LLmitations 

BAT and NSPS 

EPA is promulgating a daily maximum limitation for total residual 
chlorine (TRC}, also called total residual oxidants (TRO), based 
upon a concentration of 0.20 mg/l, applied at the final discharge 
point to the receiving body of water. Each individual generating 
unit is not allowed to discharge chlorine for more than two hours 
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per day, unless the discharger demonstrates to the perrni tting 
authority that a longer duration discharge is required for 
macroinvertebra te control. Simultaneous multi-unit chlorination 
of more than one generating unit is allowed. 

The above limitation does not apply to plants with a total 
rated generating capacity of less than 25 megawatts. EPA is 
establishing BAT and NSPS equal to BPT for those plants. 

PSES AND PSNS 
I 

I 
I There are no categorical pretreatment standards for once-through 

cooling water for PSES and PSNS, with the exception of the PCB 
prohibition. The PSES for oil and grease ,is withdrawn. 

I 
I 

(c) 

( i ) 

Changes from Proposal and Rationale 
I 

BAT and NSPS 
I 

I 
For BAT and NSPS, EPA proposed to prohibit the discharge of 
total residual chlorine (TRC) unless facilities could demonstrate 
a need for chlorine to control condenser biofouling. Where such 
demonstrations were made, EPA proposed to limit the discharge to 
the minimum amount of TRC necessary to control biofouling, as 
determined by a chlorine minimization program. However, a 
maximum TRC limitation based upon a concentration of 0 .14 mg/l 
at the point of discharge would have been established to be 
achieved either through chlorine minimization or dechlorination. 
In addition, EPA proposed to prohibit the discharge of TRC for 
more than two hours a day unless the ~lant could show that 
chlorination for a longer period was necessary for crustacean 
control. Finally, the existing prohibition (1974) on simul
taneous dechlorination of generating units would have been 
withdrawn. 1 

Comrnenters raised a variety of issues, leading EPA to change the 
proposal substantially with respect to the TRC limitation, the 
two-hour-a-day discharge requirement, and other requirements. 
These comments and the changes are discussed below. 

Chlorine Limitation 

l Commenters stated that EPA has no authority to prohibit the use 
of chlorine or to require dischargers to conduct a chlorine 
minimization program. They also stated that the 0.14 mg/l 
maximum TRC limitation was not achievable by all sources. Some 
comments indicated a maximum 0.2 mg/l TRC concentration would be 
achievable; other comments said that BAT should equal BPT. 
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Under the proposed regulations all plants would have been 
required to reduce chlorine discharges to, the maximum extent 
feasible. However, in reviewing the comments, the Agency 
concluded th.at the proposed approach deprived power plants of 
any f le xi bill ty in controlling chlorine discharges. Because it 
is the Agency's intent in the development of effluent limi ta
t ions guidel1 nes not to require reliance on only one technology 
where it can be reasonably avoided, the requirement that all 
plants institute chlorine minimization programs was deleted in 
the final regulation to provide more f le xi ble al ternat iv es to 
control chlorine discharges. 

In assessing alternative approaches, the Agency initially con
sidered requ Lring the maximum 0 .14 mg/l TRC level but without 
requiring a mandatory chlorine minimization program. Based on 
the public comments, however, it appeared that the 0.14 mg/l 
limit would discourage use of chlorine minimization in favor of 
dechlorination. Industry commenters explained that many plants 
would still have to dechlorinate to meet the proposed limit even 
if they first minimized chlorine usage. If that were the case, 
it was stated the plants would rely on dechlorination exclusive
ly to achieve the limits and not devote resources to a chlorine 
minimization program. However, if the final effluent limitations 
were based on 0. 2 mg/l, the commenters generally believed that 
most plants could achieve the limit solely by chlorine minimiza
tion. 

The Agency established a 0.20 mg/l based TRC limit because 
it is better, in the circumstances presented here, to establish 
a limitation that generally can be met without chemical treatment 
rather than one which entails both the addition of chlorine and 
its subsequent removal by the addition of other chemicals used 
to dechlorinate. Consequently, the Agency concluded that a mass 
limitation based on 0.20 mg/l TRC concentration would allow 
plants flexibility while encouraging reliance on the preferable 
technology option--chlorine minimization. 

The Agency reJected the suggestion to promulgate BAT and NSPS to 
equal BPT. As described in Sections VII and VIII and in the 
Economic Analysis report, the use of chlorine minimization 
and/or dechlorination is technically and economically achievable. 
Compliance with the final regulations will remove 13. 5 million 
pounds of chlorine annually, beginning in 1985. Furthe_~, the 
new limitations will control total residual chlorine in this 
wastestream; dS discussed in Section VI, TRC is a better measure 
of chlorine tmnci ty than free available chlorine (FAC). 

1111 
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Two Hour Chlorine Discharge Limit 

The final rule also differs from the proposed rule on the two 
hour chlorine discharge limit. The Agency proposed to limit the 
discharge of chlorine to two hours per day per plant. The 
Agency also proposed to relax the prohibition in the 1974 regula
tions on simultaneous chlorination of generating units because 
of concern that some plants would not be able to adequately 
control biological growth on the condensers when lLmited to two 
hours per day of chlorine discharges for the entire facility. 

The final regulations limit the duration of chlorine discharge 
to two hours per day, per generating unit. For example, a plant 
with four units is allowed to discharge chlorine for a maximum 
of eight hours per day. This change is consistent with the BPT 
requirement and was made in response to comments that the 
proposed change would have disrupted the established chlorina
tion operating procedures required by BPT and that significant 
expenditure of resources would have been required to comply with 
the proposed BAT requirement. Many plants installed chlorination 
systems capable of chlorinating only one unit at a time to 
comply with the 1974 BPT chlorine requirements. The proposed 
new BAT may have required those plants with single discharge 
points serving multiple units to significantly enlarge their 
existing chlorination facilities. The Agency believes there are 
no compelling reasons to require this change for BAT or to set 
different limits for new sources. 

Comments on the 1980 proposal supported the proposal to allow 
simultaneous chlorination. While the Agency deleted the proposed 
prohibition on the discharge of chlorine for more than two hours 
a day per plant, it has also decided to retain the proposal to 
allow simultaneous chlorination. The option to chlorinate 
generating units simultaneously will provide more operational 
flexibility to the discharger while maintaining the more strin
gent control of chlorine discharge with TRC limitations. For 
multi-unit discharges, these requirements will allow for natural 
chlorine demand to reduce chlorine discha~ge levels. 

Crustacean Control 
' 

EPA proposed to allow an exception to the two-hour-a-day chlori-
nation limit if plants demonstrated that chlorination for a 
longer period of time was necessary for crustacean control. 
Because commenters pointed out that other macroinvertebrates 
besides crustaceans could impede the operation of cooling 
systems, EPA is broadening the exception to cover macroinverte
brates. 

(ii) PSES/PSNS 

There were no changes in PSES and PSNS from the propose~ regula
tion. No known facilities discharge once-through cooling water 
to PO'IWs and none are known to be planned. These very high flow 
volumes would likely be unacceptable for discharge to any PO'IW. 
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3. Cooling Tower Slowdown 

{a) Previous Limitations 

The 1974 BP'l' limits control free available chlorine {FAC) with 
mass limitations based upon 0.2 mg/l daily average and 0.5 mg/l 
daily maximum concentrations. FAC and TRC discharges are 
limited to 2 hours per day per generating unit and simultaneous 
multi-unit chlorination is prohibited. The 1974 BAT and NSPS 
contain limitations equivalent to 1974 BPT, plus mass limitations 
for zinc, chromium, and phosphorous based upon concentrations of 
1.0 mg/l, O.~' mg/l, and 5.0 mg/l, respectively, and for PCBs. 
The 1974 PSNS contained no categorical pretreatment standards 
for cooling tower blowaown. The 1977 PSES limits oil and grease 
with a mass limitation based upon 100 mg/l and prohibits the 
discharge of PCBs. 

(b) Final Limitations 

BAT and NSPS 

Chlorine. EPA is establishing BAT and NSPS limitations equiva
lent to the 1974 BAT and NSPS level of control. These limitations 
are based upon daily average and daily maximum concentrations for 
FAC of 0.2 mg/l and 0.5 mg/l, respectively. 

Toxics. The discharge of one hundred twenty-four toxic pollut
ants is proh1bited in detectable amounts from cooling tower 
discharges if the pollutants come from cooling tower maintenance 
chemicals. '1.'he discharger may demonstrate compliance with such 
limitations to the permitting authority by either routinely 
sampling and analyzing for the pollutants in the discharge, or 
providing mass balance calculations to demonstrate that use of 
particular ma1 ntenance chemicals will not result in detectable 
amounts of the toxic pollutants in the discharge. In addition, 
EPA is establishing a daily maximum BAT limitation and NSPS for 
chromium and zinc based upon concentrations of 0.2 rng/l and 1.0 
rng/l, respectLvely. 

The existing .LLmitation for phosphorous is deleted. 

PSES and PSNS 

The final regulations prohibit or limit the 126 toxic pollutants 
as discussed above for BAT and NSPS. Oil and grease PSES are 
withdrawn. 

{c) Changes from Proposal and Rationale 

Chlorine. For BAT and NSPS, EPA proposed a limitation on TRC 
discharges based upon a maximum concentration of 0.14 mg/l times 
flow. A chlorine minimization program was not required. The 
Agency also proposed to prohibit all discharges of cooling tower 
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maintenance chemicals containing any of the 129 priority pollut
ants. Since then three of the 129 toxic pollutants have been 
"delisted." They are dichlordif luorome thane, tr1chlorof luoro
me thane, and bis-chloromethyl ether. See 46 FR 2266; 46 FR 
10723. 

Public comments opposed the 11m1tat1ons on chlorine, stating 
that the proposed limit was unachievable and would not result in 
any environmental benefit. The Agency does not agree that the 
limit would be unachiev.able or result in no effluent reduction 
benefits; however, the Agency did re-examine the data pertaining 
to chlorine and found that the flow of this wastestream was less 
than one percent of the once-through cooling water flow. Further, 
less than 0.5 percent of the TRC which would be removed by regu
lating both cooling tower blowdown and once-through cooling water 
is attributable to cooling tower blowdown. The Agency concluded 
that the appropriate emphasis on chlorine control should be in 
the once-through cooling water waste stream and that BAT and 
NSPS for this waste stream should equal the previously promul
gated BPT, BAT, and NSPS L1m1ts. This will result in a cost 
savings of $25 million in annual costs in 1985 and similar 
savings in future years. 

Toxics. For BAT and NSPS, EPA proposed to prohibit any discharge 
of cooling tower maintenance chemical containing the 126 priority 
pollutants. The same proh1b1t1on was proposed for PSES and PSNS. 
Since equivalent pollutant removals are required for ind1 re ct 
and direct dischargers, EPA determined that a zero discharge 
pretreatment standard was the only means of assuring that no 
priority pollutant would pass through the POTW. 

Cornmenters ob]ected to the proposed zero discharge requirement 
for maintenance chemicals, raising concerns about the regulation 
of maintenance chemicals instead of priority pollutants and the 
means of measuring comp! iance w1 th a zero discharge 11m1 t. In 
response, the Agency substituted "no detectable" for "zero dis
charge" and made clear that the limit applies to priority 
pollutants from maintenance chemicals, and not the chemicals 
themselves. EPA presently considers the nominal detection 11m1t 
for most of the toxics to be 10 ug/l {i.e., 10 parts per bil
lion). See, Sampling and Analysis Procedures for Screening of 
Industrial Effluents for Priority Pollutants, EPA, 1977. 

Another concern expressed by commenters was that EPA did not 
account for those prohibited toxics that are present in new 
construction materials for cooling towers. For example, wooden 
supporting structures or other construction materials in new or 
rebuilt cooling towers may contain preservatives which contain 
trace amounts of certain of the toxic pollutants. These may 
leach for a period of time from contact with the cooling water. 
The Agency recognizes such situations. Thus, the proh1b1t1on in 
the final rule, as in the proposed rule, is applicable only to 
pollutants that are present in cooling tower blowdown as a 
result of cooling tower maintenance chemicals. 

I 
' 
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Commenters a Lso expressed concern over potentially substantial 
compliance c.osts in analyzing for the 126 toxic pollutants in 
their discharges. The Agency agrees that the costs of routine 
compliance monitoring for the toxics could be quite expensive, 
and that there are alternative compliance mechanisms. Therefore, 
as an alternative to routine monitoring by &ampling and analysis 
of effluents, the final rule provides for mass balance calcula
tions to demonstrate comp! iance with the proh ibi ti on. For 
example, the discharger may provide the certified analytical 
contents of all biofouling and maintenance formulations used and 
engineering calculations demonstrating that any of the priority 
pollutants present in the maintenance chemicals would not be 
detectable in the cooling tower discharge using appropriate 
analytical methods. The permit issuing authority shall deter
mine the appropriate approach for each circumstance. 

Many comment«~ rn indi ca tea that there are presently no acceptable 
substitutes for the use of chromium and zinc based cooling tower 
maintenance c.hemicals. The Agency agrees that adequate substi
tutes may not be presently available for many facilities. This 
is due in part to site specific conditions, including cooling 
water intake quality and the presence of construction materials 
susceptible to fouling and corrosion. Further, there is a 
potential for substitutes to be more toxic than the substances 
they are meant to replace. Therefore, the final BAT, NSPS and 
pretreatment standards allow for the discharge of chromium and 
zinc in cool1 ng tower blowdown. The limitations are the same as 
those adopted in 1974 for BAT and are based upon pH adJustment, 
chemical prE•cipitation, and sedimentation or filtration to 
remove precipitated metals. 

No comments were received on the proposal to delete the phos
phorous limitdtions; therefore, the final rule is the same as 
proposed in this report. 

4. Fly Ash Transport 

(a) Previous Limitations .. 
The 1974 BPT and BAT regulations covered PCBs and contained mass 
limitations for several pollutants based on the following concen
trations: total suspended solids at 30 mg/! daily average and 
100 mg/! daily maximum; oil and grease at 15 mg/! daily average 
and 20 mg/! datly maximum. The 1974 NSPS required zero discharge 
based upon use of dry fly ash transport. (This standard was 
remanded in 1976.) The 1974 PSNS contained no categorical 
pretreatment standards for the waste stream. The 1977 PSES 
contains a mass limit for oil and grease based upon a maximum 
concentration of 100 mg/! and a prohibition on the discharge of 
PCBs. 
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(b) Final Limitations 

BAT and PSES 

As discussed below, there are no BAT or, PSES limitations for fly 
ash transport water, with the exception of the proh 1b1 ti.on on 
discharges of PCBs. BAT limitations for conventional pollutants 
are withdrawn, as discussed earlier. 

NSPS and PSNS 

As discussed below, the final regulation prohibits the discharge 
of all pollutants from fly ash transport systems. 

(c) Changes From Proposal and Rationale 

EPA determined at proposal that the available data regarding the 
degree of toxic pollutant reduction to be achieved beyond BPT 
were too limited to support national limitations. Therefore, 
EPA did not propose BAT limitations or PSES for the priority 
pollutants. The Agency considered requiring a zero discharge 
option for existing sources but reJected it because the high 
cost of retrof 1 tting does not Justify the additional pollutant 
reductions beyond BPT. EPA did not receive any comments that it 
should establish BAT and revise PSES for the priority pollutants 
found in this wastestream. Therefore, no changes were made in 
the approach to BAT and PSES for the fl.nal rule. However, the 
Agency will be evaluating the level of control that is appropri
ate for conventional pollutants for BCT, as discussed previously. 

For NSPS and PSNS, the coverage of the proposal was ambiguous. 
The preamble and development document' indicated that EPA was 
prohibiting all discharges of fly ash water. 45 FR 68338. 
However, the proposed regulatory language only prohibited the 
discharge of copper, nickel, zinc, arsenic, and selenium. It 
did not cover the remaining toxic pollutants or conventional 
pollutants. Because the preamble correctly reflected EPA' s 
intent, the final rule follows the preamble and not the proposed 
regulation. There is no practical difference between the two 
approaches since the fly ash technology option identified by EPA 
(dry fly ash transport systems) eliminates any discharge of 
wastewater whatsoever. The absence of any wastewater discharge 
means that all pollutants would be controlled, not Just the five 
metals listed in the proposed regulation~ 

Comments were received concerning the proposed NSPS and PSNS but 
EPA did not make any changes as a result of them. The commenters 
stated that most new sources can meet the NSPS. However, they 
stated that EPA's cost estimates did not support the conclusion 
that the costs of dry and wet fly ash systems are not appreciably 
different. They also stated that EPA should provide a less 
stringent NSPS for those plants which could not meet the NSPS 
because of solid waste disposal constraints or air pollution 
problems. 
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EPA does not believe that less stringent NSPS or PSNS are 
warranted. Almost half of the existing plants already use dry 
fly ash systems. The Agency is unaware of any particular 
technical, air pollution, disposal or other problems they have 
encountered, or any reasons why all new plants cannot install 
dry fly ash systems. No specific examples or problems were 
given by the commenters. Furtherf as discussed in Section VI of 
this preamble, the costs for wet and dry fly ash systems are 
believed comparable. 

Many existing plants are achieving zero discharge and new plants 
are at least as capable of implementing dry fly ash systems. 
The Agency estimates that a typical size new plant operating a 
dry fly ash handling system will reduce toxic metals discharges 
by approximately 4800 pounds per year beyond the BAT level of 
control. Nonwater quality environmental and energy impacts are 
considered reasonable in view of the effluent reduction that is 
achieved. 

Finally, EPA has changed the definition of fly ash to include 
economizer ash where economizer ash is collected with fly ash. 
This change was not proposed; it is based on a comment which 
correctly pointed out that steam electric plants may collect 
economizer ash with either fly ash or bottom ash. The 1974 
definition section, however, only included economizer ash in the 
bottom ash definition. Therefore, we are changing both the 
definition of fly ash and bottom ash to resolve this problem. 
EPA is not providing the opportunity for comment since the change 
was made in response to comments on the proposed regulation. 

5. Bottom Ash Transport Water 

(a) Previous Limitations 

The 1974 BPT regulations contain mass limitations for PCB and 
for several pollutants based on the following concentrations: 
total suspended solids of 30 mg/l daily average/100 mg/l daily 
maximum and oil and grease of 15 mg/l daily average/20 mg/l 
daily maximum. In addition, the pH is limited to within the 
range of 6.0 to 9.0. The 1974 BAT contains the same total 
suspended solids, oil and grease, pH and PCB limits as BPT, plus 
a recycle requirement of 12.5 cycles of bottom ash sluice water. 
The 1974 NSPS contains the same total suspended solids, oil and 
grease, and pH limits as BPT, plus a recycle requirement of 20 
cycles of bottom ash sluice water. The 1974 PSNS do not contain 
any categorical pretreatment standards and the 1977 PSES contain 
a mass limitation for oil and grease based upon a maximum 
limitation of 100 mg/l, and prohibit the discharge of PCBs. 

(b) Final Limitations 

BAT 

The final regulations contain BAT limitations for PCBs. The BAT 
limitations for conventional pollutants are withdrawn for future 
coverage unde•r BCT. 
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NSPS 

The final regulations contain limitations 
solids, oil and grease, PCBs, and pH equal 
The 1974 recycle requirement for 20 cycles 
water is withdrawn. 

PSES and PSNS 

for total suspended 
to the existing BPT. 
of bottom ash sluice 

The final regulations contain categorical pretreatment require
ments on PCBs for this wastestream. PSES for oil and grease is 
withdrawn. 

(c) Changes from Proposal and Rationale 

EPA did not propose BAT limitations for the priority pollutants. 
Analysis of available wastewater sampling data did not indicate 
that a quantifiable reduction of toxic pollutants would be 
achieved by requiring technologies beyond the BPT level of 
control. These technologies include bottom ash recirculation 
systems and dry bottom ash transport systems. No comments were 
received obJecting to the proposal; therefore, the final rule is 
the same as proposed. As explained before, EPA will examine 
conventional pollutant tech no logy options in light of the 
revised BCT cost test. 

For NSPS, PSES, and PSNS, no comments were received. Therefore, 
the proposed and final regulation are identical. 

Finally, EPA is changing the definition of bottom ash for the 
reasons discussed in the previous section on fly ash. 

I 

6. Low Volume Wastes 

(a) Previous Limits 

The existing BPT, BAT, and NSPS regulation establishes mass 
limitations for conventional pollutants: (1) total suspended 
solids based upon 30 mg/l daily average and 100 mg/l daily 
maximum concentrations; ( 2) oil and grease based upon 15 mg/l 
daily average and 20 mg/l daily maximum concentrations; and (3) 
pH between 6 and 9. There are no existing categorical pretreat
ment standards, with the exception of PCBs and oil and grease 
for PSES. 

(b) Final Limits 
I 

EPA did not propose new or revised limitations for this waste 
stream with the exception of substituting BCT for the control of 
conventional pollutants instead of BAT and withdrawing the PSES 
for oil and grease. BCT limitations are now reserved. However, 
EPA changed the definition of low volume waste to include boiler 
blowdown and is withdrawing the separate regulations for boiler 
blowdown. 
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(c) Changes from Proposal and Rationale 

EPA proposed to include boiler blowdown as a low volume waste. 
This represents a change in coverage from the 1974 regulation. 
Information collected and analyzed by the Agency since 1974 led 
to the conclusion that there is no need ,to regulate boiler 
blowdown as a separate waste stream. Boiler blowdown is suf
f1c1ently sun1lar in character1st1cs to the other spec1f1c types 
of low volume wastes. No commenters obJected to the proposed 
change; therefore, the proposed and final rules are identical. 

7. Metal Cleaning Wastes 

(a) Previous L1m1ts 

"Metal cleaning wastes" is the generic name for a class of waste 
streams which results from the cleaning of boiler tubes, air 
preheater Wcish water, and boiler f1res1de wash water. This may 
be accomplished w1 th e1 ther chemical cleaning solu t1ons such as 
acids, degn:!asers, and metal complexers, or with plant service 
water only. 

The 1974 BPT and BAT 11m1tat1ons and NSPS contain mass 11m1ta
t1ons for several pollutants based on the following concentra
tions: total suspended solids of 30 mg/! daily average and 100 
mg/! daily maximum; 01! and grease of 15 mg/! daily average and 
20 mg/! daily maximum; total copper of 1.0 mg/! daily average and 
daily maximum; total iron 1. 0 mg/! daily average and daily 
maximum pH LS 11m1ted w1th1n the range of 6.0 to 9.0. The 
discharge of PCBs is proh1b1ted. 

The 1974 PSNS contains no categorical pretreatment standards for 
this waste stream. The 1977 PSES contains: a mass 11m1 tat1on 
for total copper based upon a maximum concentration of 1.0 mg/l; 
a mass 11m1tation for 01! and grease based upon a maximum 
concentration of 100 mg/!; and a proh1b1t1on on the discharge of 
PCBs. 

(b) Final L1m1tat1ons 

Chemical Metal Cleaning Wastes 

BAT 

With one exception, BAT is equal to the 1974 regulations. The 
BAT l 1m1 tat1ons for conventional pollutants are w1 thdrawn since 
BAT no longer applies to them. 

NSPS 

There are no changes from the 1974 NSPS. 
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PSES and PSNS 

The final PSES and PSNS contain a maximum concentration limita
tion of 1.0 mg/l for total copper, and prohibit the discharge of 
PCBs. The PSES for oil and grease is withprawn. 

Non-Chemical Metal Cleaning Wastes 

BAT, BCT, NSPS, PSES and PSNS for this waste stream are reserved 
for future rulemaking. 

(c) Changes From Proposal and Rationale 

For chemical metal cleaning wastes, the final BAT, NSPS, PSES 
and PSNS are equivalent to the 1980 proposal. The 1980 proposal 
contained first time coverage of copper for PSNS and, for PSES, 
copper was changed from a mass-based limitation to a concentra
tion limitation. Unli:k e the existing regulations and the 1980 
proposal, however, the requirements do not cover non-chemical 
metal cleaning wastes. 

In the preamble to the 1980 proposal, EPA explained that the 
existing requirements applied to all metal cleaning wastes, 
whether the wastes resulted from cleaning with chemical solu
tions or with water only. EPA reJected an earlier guidance 
statement which stated that wastes from metal cleaning with 
water would be considered "low volume" wastes. However, because 
many dischargers may ha~e relied on this guidance, EPA proposed 
in 1980 to adopt the guidance for purposes of BPT and to change 
the BPT limitation to apply only to "chemical" metal cleaning 
wastes. See 45 FR 68333 (October 14, 1980) for a full discus
sion of the issue. 

Commenters argued that EPA's clarified interpretation of the 
existing regulations was not supported by the record and would 
result in extremely high compliance costs. In response to the 
comments, the Agency examined the available data on waste 
characteristics of non-chemical metal cleaning wastes and the 
costs and economic impacts of controlll.ng them. The data 
indicated that there was a definite potential for differences in 
concentration levels of inorganic pollutants depending on 
whether the plants were coal or oil-fired. Further, compliance 
with the existing effluent limitations and standards could be 
very costly and result i.n significant adverse economic impacts. 
However, the data were too limited for EPA to make a final 
decision. 

EPA requested that the Utility Water Act Group provide specific, 
additional information. The data were submitted too late for 
the Agency to consider for this rulemaking. Consequently, EPA 
is reserving BAT, NSPS, PSES and PSNS for nonchemical metal 
cleaning wastes for future rulemaking. 
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EPA is withdrawing the proposal to change the BPT definition of 
metal clean1 ng wastes. However, until the Agency promulgates 
new limitations and standards, the previous guidance policy may 
continue to ,be applied in those specific cases in which it was 
applied in the past. 

8. Coal Pile Runoff 

(a) Previou~ Limits 

The BPT and BAT l imitations and NSPS for coal pile runoff 
contain a maximum concentration limitation of 50 mg/l for total 
suspended solids and pH within the range 6.0 to 9.0. Any 
untreated overflow from a treatment facility sized to treat coal 
pile runoff which results from a 10-year, 24-hour event is not 
sub]ect to these 1974 l imitations. The 1974 PSNS and 1977 PSES 
for coal pile runoff contain no limitations for specific pollut
ants. 

(b) Final Limits 

There are no changes to the existing regulations with the 
exception of the BAT limitations for conventional pollutants. 
The latter rc:~gulations are withdrawn since BAT limits no longer 
apply to conventional pollutants. 

(c) Changes From Proposal and Rationale 

EPA did not propose any changes to the existing coal pile runoff 
regulations w1th the exception of proposing BCT limitations to 
replace BAT. As stated previously, the Agency is reserving BCT 
until we apply the revised BCT methodology to the technology 
options for controlling conventional pollutants. 
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SECTION XII 

GLOSSARY 

This section is an alphabetical listing of technical terms (with 
definitions) used in this docunent which may not be familiar to 
the reader. 

Absolute Pressure 

The total force per unit area neasured above absolute vacuum as a 
reference. Standard a~Mospheric pressure is 101,326 N/M2 (14.696 
psi) above absolute vacuum (zero pressure absolute). 

Absolute Temperature 

The te~perature measured from a zero at which all moJecular 
activity ceases. The volume of an ideal gas is directly 
proportional to its absolute temperature. It is neasured in +K 
(+Rl corresponding to +C + 273 (+F + 459). 

A substance which dissolves in water with the forMation of 
hydrogen ion. A substance containing hydrogen which may be 
displaced by netals to forM salts. 

Acid-Washed Activated Carbon 

Carbon which has been contacted with an acid solution with the 
purpose of dissolving ash in the activated carbon. 

The quantitative capacity of aqueous solutions to react with 
hydroxyl ions (OH-). The condition of a water solution having a 
pH of less than 7. 

Acre-Foot 

(1) 

(2) 

Activated Carbon 

Carbon which is treated by high-teMperature heating with steam or 
carbon dioxide producing an internal porous particJe structure. 
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Adsorption 

The adhesion of an extremely thin layer of ~olecules (of gas, 
liquid) to the surfaces of solids (granular activated carbons for 
instance) or liquids with which they are in contact. 

Adsorption Isotherms (Activated Carbon) 

A measurenent of adsorption determined at a constant temperature 
by varying the amount of carbon used or the concentration 
impurity in contact with the carbon. 

Advanced Waste Treatment 

Any treatment method or process employed following biological 
treatnent (1) to increase the removal of pollution load, (2) to 
remove substances which nay be deleterious to receiving waters or 
the environment, (3) to produce a high-quality effluent suitable 
for reuse in any specific manner or for discharge under critical 
conditions. The term tertiary treat~ent is commonly used to 
denote advanced waste treatment methods. 

Aerated Pond 

A natural or artificial wastewater treatment pond in which 
nechanical or diffused air aeration is used to supplenent the 
oxygen supply. 

Aeration 

The bringing about of intimate contact between air and liquid by 
one of the following methods; spraying the liquid in the air, 
bubbling air through the liquid (diffused aeration), agitation 
of the liquid to promote surface absorption of air (mechanical 
aeration). 

Agglomeration 

The coalesenc~~ of dispersed suspended matter into larger floes or 
particles which settle ~ore rapidly. 

Algicide 

Chemicals useu to kill or otherwise control phytoplankton (algae) 
in water. 

Alkaline 

The condition of a water solution having a pH concentration 
greater than 7.0 and having the properties of a base. 
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Alkalinity 

The capacity of water to neutralize acids, a property imparted by 
the water's content of carbonates, bicarbonates, hydroxides, and 
occasionally borates, silicates, and phosphates. It is expressed 
in niligrams per liter or equivalent calcium carbonate. 

Anion 

The charged particle in a solution of an electrolyte which 
carries a negative charge. 

Anion Exchange Process 

The reversible exchange of negative ions between functional 
groups of the ion exchange nedium and the solution in which the 
solid is inmersed. Used as a wastewater treatnent process for 
renoval of anions, e.g., carbonate. 

Anionic Surfactant 

An ionic type of surface-active substance that has been widely 
used in cleaning products. The hydrophilic group of these 
surfactants carries a negative charge in washing solution. 

Anthracite 

A hard natural coal of high luster which contains little volatile 
matter. 

Apparent Density (Activated Carbon) 

The weight per unit volune of activated carbon. 

Approach Temperature 

The difference between the exit temperature of water fro11 a 
cooling tower and the wet bulb tenperature of the air. 

Aquifer 

A subsurface geological structure that contains water. 

Ash 

The solid residue following conbustion as a fuel. 

Ash Sluice 

The transport of solid residue ash by water flow in a conduit. 
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BackYashing 

The process of cleaning a rapid sand or raechanical filter by 
reversing the flow of water. 

Baffles 

Deflector vanes, guides, grids, gratings, or similar devices 
constructed or placed in flowing water or sewage to (1) check or 
effect a more uniform distribution of velocities; (2) absorb 
energy; (3) divert, guide, or agitate the liquids, and (4) check 
eddy currents. 

Bag Filter 

A fabric type filter in which dust laden gas is nade to pass 
through woven fabric to renove the particulate matter. 

Banks, Slud~ 

Accumulations on the bed of a waterway of deposits of solids of 
sewage or industrial waste origin. 

Base 

A compound which dissolves in water to yield hydorxyl ions (OH-). 

Dase-Load Un1t 

An electric ~enerating facility operating continuously at a 
constant output with little hourly or daily fluctuation. 

Bed Depth (Activated Carbon) 

The amount of carbon expressed in length units which is parallel 
to the flow of the stream and through which the stream must pass. 

Bioassay 

An assay method using a change in biological activity as a 
qualitative or quantitative means of analyzing a Meaterial 
response to industrial wastes and other wastewaters by using 
viable organis~s or live fish as test organisms. 

Biochemical Oxygen Demand (BOD) 

(1) The quantity of oxygen used in the biochenical oxidation of 
organic ~atter in a specified time, at a specified temperature, 
and under specified conditions. 

l2) Standard test used in accessing wastewater strength. 
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Biocides 

Chemical agents with the capacity to kill biological life forms. 
Bactericides, insecticides, pesticides, etc., are exanples. 

Biodegradable 

The part of organic natter which can be oxidized by bioprocesses, 
biodegradable detergents, food wastes, animal manure. 

Biological Wastewater Treatment 

Forms of wastewater treatment in which bacterial or biochenical 
action is intensified to stabilize, oxidize, and nitrify the 
unstable organic matter present. Intermittent sand filters, 
contact beds, trickling filters, and activated sludge process are 
exafllples. 

Bituminous 

A coal of intermediate hardness containing between 50 and 92 
percent carbon. 

I3lowdown 

A portion of water in a closed systen whJch is removed or 
discharged in order to prevent a buildup of dissolved solids. 

Boiler 

A device in which a 
the action of heat. 
the equipnent which 

Boiler Feedwater 

liquid is converted i~to its vapor state by 
In the steam electric generating industry, 

converts water into steam. 
I 
I 

I 
The water supplieu to a boiler to be converted into steafll. 

Boiler Fireside 

The surface at boiler heat exchange elenents exposed to the hot 
combustion products. 

Boiler Scale 
I 

An incrustation of salts deposited on the waterside of a boiler 
as a result of the evaporation of water. 
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Boiler Tubes 

Tubes contained in a boiler through ~hi.ch water passes during its 
conversion into steaM. 

Botton Ash 

The solid residue left from the conbustion of a fuel which falls 
to the bottoM of the coMbustion chanber. 

Brackish Water 

Water having a dissolved solids content between that of fresh 
water and tha~ of sea water, generally from 1,000 to 10,000 Mg 
per liter. 

Brine 

Water saturated with a salt. 

Buffer 

Any of certaJn combinations of chemicals used to stabilize the pH 
values or aJkali.nities of solutions. 

Cake, Sludge 

The material resulting from air drying or dewatering sludge 
(usually forkable or spadable). 

Calibration 

The deternination, checking or rectifying of the graduation of 
any instrunent given quantitative neasurenents. 

Capacity Factor 

The ratio of energy actually produced to that which would have 
been produced in the same period had the unit been operated 
continuously at rated capacity. 

Carbonate Hardness 

Hardness of water caused by the presence of carbonates and 
bicarbonates of calciun and magnesiu~. 

Carbon Colunn A 

A column filled with granular activated carbon whose primary 
function is the preferential adsorption of a particular type or 
types of raolecules. 
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Catalyst 

I 
A substance which accelerates or retards a cher~ical reaction 
without undergoing any pernanent changes. 

Cation 

The charged particles in solution of ~n electrolyte which are 
positively charged. 

Cation Exchange Process 

The reversible exchange of positive ions between functional 
groups of the ion exchange mediun and the solution in which the 
solid is inmersed. Used as a wastewater treatnent process for 
removal of cations, e.g., calciu~. 

Cationic Surfactant 

A surfactant in which the hydrophilic groups are positively 
charged; usually a quaternary annoniuM salt such as cetyl 
trimethyl ammoniun bromide (CeTAB), Cl6H33N + (CH3)3 I3r. 

I Cationic surfactants, as a class, are poor cleaners but exhibit 
renarkable disinfectant properties. 

Chelating Agents 
I 
I 

A chelating agent can attache itself to central metallic atom so 
as to form a heterocycl1c ring. Used

1 

to nake ion exchange raore 
selective for specific netal ions such as nickel, copper, and 
cobalt. 

Chemical Analysis 

The use of a standard chemical analyt1cal procedure to detern1ne 
the concentration of a specific pollutant in a wastewater sample. 

Chemical Coagulation 

The destabilization and initial aggre~ation of colloidal and 
finely divided suspended natter by the addition of a floe-forming 
chemical. 

Chemical Oxygen Denand (COD) 

I 
A specific test to neasure the anount of oxygen required for the 
complete oxidation of all organic and inorganic matter in a water 
sample which is susceptible to ox1dat1on by a strong che~ical 
oxidant. ' 
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Chemical Precipitation 

(1) Precipitation induced by addition of chenicals. 

(2) The process of softening water by the addition of lime and 
soda ash as the precipitants. 

Chemisorption 

Adsorption where the forces holding the adsorbate to the 
adsorbent are chemical (valance) instead of physical (van der 
Waals). 

Chlorination 

The appJication of chlorine to water or wastewater, generally for 
the purpose of disinfection but frequently for accomplishing 
other biological or chemical results. 

Chlorination Break Point 

The appJJcation of chlorine to water, sewage, or industrial waste 
containing free aPlmonia to the point where free residual chlorine 
is available. 

Chlorination, Free Residual 

The application of cnlorine to water, sewage, or industrial 
wastes to produce directly or through the destruction of a~nonia, 
or of certain organic nitrogenous conpounds, a free available 
chlorine residual. 

Chlorine, Available 

A term used in rating chlorinated lime and hypochlorites as to 
their to,tal oxidizing power. Also, a term forri.erly applied to 
residual, chlorine; now obsolete. 

Chlorine, Combined Available Residual 

That portion of the total residual chlorine remaining in water, 
sewage, or industrial wastes at the end of specified contact 
period which will react chePlically and biologically as 
chloramines or organic chloramines. 

Chlorine Demand 

The quantity of chlorine absorbed by wastewater (or water) in a 
given length of time. 
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Chlorine, Total Residual 

Free residual plus combined residual. 

Clorite, High-Test Hypo 

A combination of lime and chlorine consisting largely of calciun 
hypochloride. 

Chlorite, Sodium Hypo 
I 

A water solution of sodiun hydroxide and chlorine in which sodium 
hypochlorite is the essential ingredient. 

Circulating Water Pumps 

Punps which deliver cooling water to the condensers of a 
powerplant. 

Circulating Water System 

A systen which conveys cooling water fron its source to the main 
condensers and then to the point of discharge. SynonyMous with 
cooling water systen. 

Clarification 

A process for the renoval of suspended m~tter fron a water 
solution. 

Clarifier 
I 

I 

A basin in which water flows at a low ve:locity to allow settling 
of suspended natter. 

Colloids 
I 

A finely divided dispersion of one material called the "dispersed 
phase" (solid)~ in another ~aterial which is called the 
"dispersion medium" (liquid1. IJor~ally negatively charged. 

I 

Closed Circulating Water Systen 

I 
A systeM which passes water through the condensers then through 
an artificial cooling device and keeps recycling it. 

Coal Pile Drainage 
I 

I 
I 

Runoff from the coal pile as a result of rainfall. 
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Condensate Polisher 

An ion exchanger used to adsorb minute quantities of cations and 
anions present in condensate as a result of corrosion and erosion 
of metallic surfac~"'s~,, " 

Condenser 

A device for C'onverting a vapor into its liquid phase. 

Construction 

Any placenent, assembly, or installation of facilities or 
equipraent (including contractual obligations to purchase such 
facilities or equipment) at the premises where the equipnent will 
be used, including preparation work at the premises. 

Convection 

The heat transfer mechanism arising from the motion of a fluid. 

CoMposite WasLewater Sample 

A combination of individual samples of water or wastewater taken 
at selected intervals, generally hourly for some specified 
period, to minimize the effect of the variability of the 
individual samle. Individual sa!'lples may have equal volume or 
may be roughly proportioned to the flow at tine of sampling. 

Concentration, Hydrogen Ion 

The weight of hydrogen ions in grans per liter of solution. 
Commonly expressed as the pH value that represents the logarithms 
of the reciprocoal of the hydrogen ion concentration. 

Cooling Canal 

A canal in wh1ch warrrt water enters at one end, is cooled by 
contact with air, and is discharged at the other end. 

Cooling Tower 

A configured heat exchange device which transfers reJected heat 
from circulat1ng water to the atmosphere. 

Cooling Tower Basin 

A basin located at the bottom of a cooling tower for collecting 
the falling water. 
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Cooling Water System 

See Circulating Water System. 

Corrosion Inhibitor 

A chemical agent which slows down or prohibits a corrosion 
reaction. 

Counterflow 

A process in which two mediae flow through a systera in opposite 
directions. 

Critical Point 

The temperature and pressure conditions at which the saturated 
liquid and saturated vapor states of a fluid are identical. For 
water-steaT'l., these conditions are 3208.2 psia and 705.47 +F. 

Cycling Plant 

A generating facility which operates between peak load and base 
load conditions. 

Cyclone Furnace 

A water-cooled horizontal cylinder in which fuel is fired, heat 
is released at extreT'l.ely high rates, and combustion is completed. 
The hot gases are then e]ected into the nain furnace. The fuel 
and combustion air enter tangentially imparting a whirling T'l.Otion 
to the burning fuel, hence the name Cyclone Furance. Molten slag 
forr.is on the cylinder walls and flows off for removal. 

Data 

Records of observations and rneasureT'l.ents of physical facts, 
occurrences, and conditions reduced to wr~tten, graphical, or 
tabular form. 

Data Correlation 

The process of the conversion of reduced pata into a functional 
relationship and the development of the significance of both the 
data and the relationship for the purpose of process evaluation. 
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Data Reduction 

The process for the conversion of raw field data into a 
systematic flow which assists in recognizing errors, omissions, 
and the overall da~a· quality~' 

Data Significance 

The result of the statistical analysis of a data group or bank 
wherein the value or significance of the data receives a thorough 
appraisal. 

Deaeration 

A process by which dissolved air and oxygen are stripped from 
water either by physical or chemical methods. 

Deaerator 

A device for the removal of oxygen, carbon dioxide, and other 
gases from water. 

Dechlorination Process 

A process by which excess chlorine is removed from water to a 
desired leveJ, e.g., 0.1 mg/I maximum limit. Usually 
accomplished by passage through carbon beds or by aeration at a 
suitable pH. 

Degasification 

The renoval of a gas fron a liquid. 

Deionizer 

A process for treating water by removal of cations and anions. 

Demineralizer 

See Deionizer. 

Demister 

A device for trapping liquid entrainment from gas or vapor 
streams. 
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Detention Time 

The time allowed for solids to collect in a settling tank. 
Theoretically, detention tine is equal to the volume of the tank 
divided by the flow rate. The actual detention time is 
determined by the purpose of the tank. Also, the design resident 
time in a tank or reaction vessel which allows a chenical 
reaction to go to compl 0etion, such as the reduction of chromium 
+6 or the destruction of cyanide. 

Dewater 

To remove a portion of the water fron a sludge or a slurry. 
I 

Dew Point 

The temperature of a gas-vapor mixture at which the vapor 
condenses when it is cooled at constant humidity. 

Diatomaceous Earth 

A filter mediun used for filtration of effluents from secondary 
and tertiary treatments, particularly when a very high grade of 
\later for reuse in certain industrial purposes is required. Also 
used as an adsorbent for oils and oily enulsions in some 
wastewater treatment designs. 

Diesel 

An internal combustion engine in which the temperature at the end 
of the conpression is such that combustion is initiated without 
external ignition. 

Discharge 

To release or vent. 

Discharge Pipe 

A section of pipe or conduit from the condenser discharge to the 
point of discharge into receiving waters or cooling device. 

Dissolved Solids 

Theoretically, the anhydrous residues of the dissolved 
constituents in water. Actually, the term is defined by the 
method used in determination. In water and wastewater treatment, 
the Standard Methods tests are used. 
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Diurnal Flow Curve 

A curve which depicts flow distribution over the 24-~our day. 

Drift 

Entrained water carried from a cooling device by the exhaust air. 

Dry Botto~ Furnace 

Refers to a furnace in which the ash leaves the boiler bottom as 
a solid (as opposed to a ~olten slag). 

Dry Tower 

A cooling tower in which the fluid to be cooled flows within a 
closed system which transfers heat to the environ~ent using 
finned or extented surfaces. 

Dry Well 

A Jry co~partrnent of a pur.ip structure at or below pumping level 
where pumps are located. 

Economizer 

A heat exchanger which uses the heat of combustion gases to raise 
the boiler feedwater te~perature before the feedwater enters the 
boiler. 

Economizer Ash 

Carryover ash fcom the boiler which due to its size and weight, 
settles in a hopper below the economizer. 

Effluent 

(1) A liquid which flows out of a containing space. 

(2) Sewage, water or other liquid, partially or, as the case may 
be, flowing out of a reservoir basin, treat~ent plant, or part 
thereof. 

Electrostatic Precipitator 

A device for removing particles fro~ a stream of gas based on the 
principle that these particles carry electrostatic charges and 
can therefore be attracted to an electrode by imposing a 
potential across the streaM of gas. 
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Evaporation 

The process by which a liquid becomes a ~apQr. 

' 
Evaporator 

A device which converts a liquid into a vapor by the addition of 
heat. 

Feedwater Heater 

Heat exchangers in which boiler feedwater is preheated by stean 
extracted from the turbine. 

Filter I3ed 

A device for renoving suspended solids fror11 water, consisting of 
yranular material placed in a layer(s) and capable of being 
cleaned hydraulically by reversing the direction of the flow. 

Filter, High-Rate 

A trickling filter operated at a high average daily dosing rate. 
All between 10 and 30 mgd/acre, sometines including recirculation 
of effluent. 

Filter, Internittent 

A natural or artificial bed of sand or other fine-grained 
material to the surface of which sewage is intermittently added 
in flooding doses and through which it passes, opportunity being 
given for filtration and the naintenance of aerobic conditions. 

Filter, Low-Rate 

A trickling filter designed to receive a small load of BOD per 
unit volune of filtering material and to have a low dosage rate 
per unit of surface area (usually 1 to 4 ngd/acre). Also called 
standard rate filter. 

Filter, Rapid Sand 

A filter for the purification of water where water wluch has been 
previously treated, usually by coagulation and sedimentation, is 
passed downward through a filtering mediun consisting of a layer 
of sand or prepared anthracite coal or other suitable naterial, 
usually from 24 to 30 inches thick and resting on a supporting 
bed of gravel or a porous nedian such as ~arborundum. The 
filtrate is removed by an underdrain system. The filter is 
cleaned periodically by reversing the flow of the water upward 
through the filtering nediun; sometines supplemented by 
mechanical or air agitation during backwashing to renove mud and 
other iMpurities that are lodged in the sand. 

I 
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Filter, Tr1ckl1ng 

A filter cons1st1ng of a cyl1ndr1cal drun mounted on a horizontal 
axis, covered with a filter cloth revolving with a partial 
sub~ergence in 11qu1d. A vacuun is na1nta1ned under the cloth 
for the larger part of a revolution to extract no1sture and the 
cake is scrA~ed off continuously. 

F1ltrat1on 

The process of passing a 11qu1d through a f1lter1ng med1un for 
the renoval of suspended or colloidal matter. 

F1res1de Cleaning 

Cleaning of the outside surface of boiler tubes and conbust1on 
chamber refractories to remove deposits formed during the 
combustions. 

Floe 

A very fine, fluffy nass forned by the ag~regat1on of fine 
suspended particles. 

Flocculator 

An apparatus designed for the fornat1on of floe in water or 
sewage. 

Flocculation 

In water and wastewater treatment, the agglo1nerat1on of colloidal 
and finely d1v1ded suspended natter after coagulation by gently 
st1rr1ng by either mechanical or hydraulic means. In b1olog1cal 
wastewater treatment where coagulation is not used, agglomeration 
may be accomplished b1olog1cally. 

Flow Rate 

Usually expressed as 11ters;m1nute (gallons/n1nute) or liters/day 
(m1ll1on gallons/day). Design flow rate is that used to size the 
wastewater treatment process. Peak flow rate is 1.5 to 2.5 times 
design and relates to the hydraulic flow 11m1t and is spec1f1ed 
for each plant. Flow rates can be mixed as batch and continuous 
where these two treatment modes are used on the sane plant. 

Flow-Nozzle Meter 

A water meter of the d1fferent1al med1un type in \1h1ch the flow 
through the primary element or nozzle produces a pressure 
difference or d1fferent1al head, which the secondary element or 
float tube then uses as an ind1cat1on of the rate of flow. 
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Flue Gas 

The gaseous products resulting froM the combustion pcocess aftec 
passage through the boiler. 

Fly Ash 

A portion of the noncombustible residue fron a fuel which is 
carried out of the boiler by the flue gas. 

Fossil Fuel 

A natural solid, liquid, or gaseous fuel such as coal, petcoleun, 
or natural gas. 

Frequency Distribution 

An arrangenent or distribution of quantities pertaining to a 
single elenent in order of their Magnitude. 

I 
Gauging Station 

A location on a strean or conduit where neasurenents of discharge 
are customarily nade. The location includes a stretch of channel 
through which the flow is uniform and a c9ntrol downstrea~ from 
this stretch. The station usually has a recording or other gauge 
for measuring the elevation of the water surface in the channel 
or conduit. 

Grab Sample 

A single sample of wastewater taken at neither a set time nor 
flow. 

Generation 

The conversion of chenical or mechanical energy into electrical 
energy. 

Hardness 

A characteristic of water, inparted by salts of calciun, 
magnesium, and iron, such as bicarbonates, carbonates, sulfates, 
chlorides, and nitrates, that causes curdling of soap, deposition 
of scale in boilers, damage in some industrial process, and 
sometines ob]ectionable taste. It nay be determined by a 
standard laboratory procedure or coMputed fror~ the amounts of 
calcium and 1~agnesiur•1 as well as iron, aluninum, nanganese, 
bariun, strontium, and zinc, and is expressed as equivalent 
calcium carbonate. 
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Heat of Adsorption 

The heat given off when nolecules are adsorbed. 

High Rate 

The fuel heat input (in Joules or Btu's) required to generate a 
kWh. 

Heating Value 

The heat available from the combustion of a given quantity of 
fuel as determined by a standard calorimetric process. 

Humidity 

Pounds of wa~er vapor carried by l pound of dry air. 

Ion 

A charged atoM, ~olecule or radical, the CTigration of which 
affects the transport of electricity through an electrolyte. 

Ion Exchange 

A che~ical process involving reversible interchange of ions 
bet\Jeen a liquid and solid but no radical change in the structure 
of the solid. 

Incineration 

The conbustion (by burning) of organic natter in wastewater 
sludge solids after water ev~poration from the solids. 

Lagoon 

(1) A shallow body of water as a pond or lake which usually has 
a shallow, restricted inlet from the sea. 

(2) A pond containing raw or partially treated wastewater in 
which aerQbic or anerobic stabilization occurs. 

A carbonaceous fuel ranked between peat and coal. 

Any of a fa~1Jy of chenicals consisting essentially of calciu~ 
hydroxide made from limestone (calcite) which is conposed almost 
wholly of calc-iun carbonate or a mixture of calcium and magnesium 
carbonates. 
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Makeup Water Pumps 

PUMPS \1hich provide water to replace that lost by evaporation, 
seepage, and blowdown. 

Manor:ieter 
I 

An instrument for measuring pressure. It usually consists of a 
U-shaped tube containing a liquid, the surface of which moves 
proportionally with changes in pressure ,on the liquid in the 
other end. Also, a tube type of differential pressure gauge. 

Mean Velocity 

The average velocity of a strean flowing in a channel or conduit 
at a given cross section or in a given reach. It is equal to the 
discharge divided by the cross sectional area of the reach. Also 
called average velocity. 

Mechanical Draft Tower 

A cooling tower in which the air flow through the tower is 
maintained by fans. In forced draft towers, the air is forced 
through the tower by fans located at its base; whereas in induced 
draft towers, the air is pulled through the tower by fans mounted 
on top of the tower. 

Mesh Size (Activated Carbon) 

The particle size of granular activated carbon as determined by 
the U.S. Sieve series. Particle size d~stribution within a nesh 
series is given in the specification of the particular carbon. 

Milligrams Per Liter (mg/l) 

This is a weight per volurae designation used in water and 
wastewater analysis. 

Mine-Mouth Plant 

A steam electric powerplant located within a short distance of a 
coal mine and to which the coal is transported from the mine by a 
conveyor systen, slurry pipeline, or truck. 

Mixed-Media Filtration 

A filter which uses two or more filter materials of differing 
specific gravities selected so as to produce a filter uniformly 
graded from coarse to fine. 
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Mole 

The molecular weight of a substance expressed in grans (or 
pounds). 

Monitoring 

(1) The procedure or operation of locating and neasuring 
radioactive contamination by means of survey instru11ents that can 
detect and measure, as dose rate, ionizing radiations. 

(2) The measurements, sometines continuous, of water quality. 

NaT'le Plate 

Nane plate--design rating of a plant or specific piece of 
equipnent. 

Natural Draft Cooling Tower 

A cooling tower through which air is circulated by a natural or 
chi&ney effect. A hyperbolic tower is a natural draft tower that 
is hyperbolic in shape. 

Neutralization 

Reaction of acid or alkaline solutions with the opposite reagent 
until the concentrations of hydrogen and hydorxyl ions are about 
equal. 

New Source 

Any source, the construction of which is begun after the 
publication of proposed Section 306 regulations, (March 4, 1974 
for the SteaM Electric Power Generating Point Source Category). 

Nominal Capacity 

See Name Plate. 

Nuclear Fnergy 

The energy derived froM the fission of nuclei of heavy elements 
such as uranium or thorium or from the fusion of the nuclei of 
light elements such as deuteriun or tritium. 

Once-Through Circulating Water SysteM 
-

A qirculating water system which draws water from a natural 
source, passes it through the nain condensers, and returns it to 
a natural body of water. 
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Osmosis 

The process of diffusion of a solvent through a senipermeable 
neMbrane fron a solutJon of lower to one of higher concentration. 

Osnotic Pressure 

The equilibrium pressure differential across a seniperneable 
membrane which separates a solution of lower from one of higher 
concentration. 

Overflow 

l (1) Excess water over the normal operating limits disposed of by 
letting it flow out through a device provided for that purpose. 
(2) The device itself that allows excess water to flow out. 

Outfall 

I 
The point or location where sewage or drainage discharges fron a 
sewer, drain, or conduit. 

Oxidation 

The addition of oxygen to a chemical compound, generally any 
reaction which involves the loss of electrons fron an atom. 

Package Sewage Treatment Plant 

A sewage treatQent facility contained in a snall area and 
generally prefabricated in a complete package. 

Packing (Cooling Towers) 
I 

A media providing large surface area for the purpose of enhancing 
mass and heat transfer, usually between a gas vapor and a liquid. 

I 

Peak-Load Plant 
I 

A generating facility operated only during periods at naximum 
denand. 

pH Value 

A scale for expressing the acidity or alkalinity of a solution. 
Mathenatically, it is the.logarithm of the reciprocal of the graM 
ionic hydrogen equivalents per liter. Heutral water has a pH of 
7.0 and hydrogen ion concentration of 107 moles per liter. 
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Placed in Service 

Refers to the data \lhen a generating unit initially generated 
electrical power to service custoMers. 

Plant Code Number 

A four-digit nuJTJber assigned to all power;_:>lants in the industry 
inventory for the purpose of this study. 

Plume (Gas) 

A conspicuous trail of gas or vapor emitted from a cooling tower 
or chirmey. 

Pond, Sewage Oxidation 

A pond, either natural or artificial, into which partly treated 
sewage is discharged and in which natural purification processes 
take place under the influence of sunlight and air. 

Powerplant 

Equipnent that produces electrical energy generally by conversion 
from heat energy prouuceu by chemical or nuclear reaction. 

Precipitation 

A phenomenon that occurs when a substance held in solution in a 
liquid phase passes out of solution into a solid phase. 

Preheater (Air) 

A unit used to heat the air needed for combustion of absorbing 
heat from the products of combustion. 

Psychrometric 

Refers to air-water vapor mixtures and their properties. A 
psychrometric chart graphically displays the relationship between 
these properties. 

Pulverized Coal 

Coal that has been ground to a powder, usually of a size where 80 
percent passes through a #2QO u.s.s. sieve. 

Pyrites 

Combinations of iron and sulfur found in coal as FeS2. 
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Radwaste 

Radioactive waste streans from nuclear powerplants. 
' 

Range 

Difference between entrance and exit tenperature of water in a 
cooling tower. 

Rank of Coal 

A classification of coal based upon the fixed carbon as a dry 
weight basis and the heat value. 

Rankine Cycle 

The thernodynanic cycle which is the basis of the steam electric 
generating process. 

Recirculation System 

Facilities which are specifically designed to divert the MaJor 
portion of the cooling water discharge back for reuse. 

Reduction 

A chenical reaction which involves the addition of electrons to 
an ion to decrease its positive valence. 

Regeneration 

Displacement from ion exchange resins of the ions re~oved from 
the process solution. 

Reheater 

A heat exchange device for adding superheat to stean which has 
been partially expanded in the turbine. 

Rein]ection 

To return a flow, or portion of flow, into a process. 

Relative Humidity 

Ratio of the partial pressure of the water vapor to the vapor 
pressure of water at air temperature. 

Residual Chlorine 
I 

I 
Chlorine remaining in water or wastewater at the end of specified 
contact period as conbined or free chlorine. 
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Reverse Osnosis 

The process of diffusion of a solute through a seniper~eable 

nembrane fron a solution of lower to one of higher concentration, 
affected by raising the pressure of the less concentrated 
solution to above the osnotic pressure. 

Salinity 

(1) The relative concentration of salts, usually sodium 
chloride, in a given water. It is usually expressed in terms of 
the number of parts per million of chloride (Cl). 

(2) A neasure of the concentration of dissolved mineral 
substances in water. 

Sanpler 

A device used with or without flow measurement to obtain any 
adequate portion of water or waste for analytical purposes. May 
be designed for taking a single sanple (grab), conposite sanple, 
continuous sanple, or periodic sample. 

Sanpling Stations 

Locations where several flow samples are tapped for analysis. 

Sanitary Wastewater 

Wastewater discharged from sanitary conveniences of dwellings and 
industrial facilities. 

Saturated Air 

Air in which water vapor is in equilibrium with liquid water at 
air temperature. 

Saturated Steam 

Steam at the temperature and pressure at which the liquid and 
vapor ph~se can exist in equilibrium. 

Scale 

Generally insoluble deposits on equipment and heat transfer 
surfaces wh1ch are created when the solubility of a salt is 
exceeded. Common scaling agents are calcium carbonate and 
calcium sulfate. 

Scrubber 

A device for removing particles or obJectionable gases fron a 
stream of ga&. 

541 



Secondary ~reatment 

The treatment of sanitary wastewater by biological neans after 
pr11'lary treatment by sedinentation. 

Sedimentation 

The process of subsidence and deposition of suspended natter 
carried by a liquid. 

Sequestering Agents 
I 

Chemical compounds which are added to water systems to prevent 
the fornation of scale by holding the insoluble compounds in 
suspension. 

Service Water Punps 

Punps providing \later for auxiliary plant heat exchangers and 
other uses. 

Settleable Solids 

(1) That matter in wastewater which will not stay in suspension 
during a preselected settling period, such as 1 hour but either 
settles to the bottom or floats to the top. 

(2) In the Imhoff cone test, the volume of natter that settles 
to the bottoM of the cone in 1 hour. 

Slag Tap Furnace 

Furnace in which the tenperature is high enough to maintain ash 
(slag) in a molten state until it leaves the furnace through a 
tap at the bottom. The slag falls into the sluicing water where 
it cools, disintegrates, and is carried ,away. 

Sluucide 

An agent used to destroy or control slimes. 

Sludge 

Accumulated solids separated from a liquid during processing. 

Softener 

Any device used to remove hardness fron water. Hardness in water 
is due raainly to calcium and nagnesiun salts. Natural zeolites, 
ion exchange resins, and precipitation processes are used to 
remove the calcium ana nagnesiun. 
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Spinning Reserve 

The power generating reserve connected to the bus bar and ready 
to take loaa. Normally consists of units oper~ting at less than 
full load. Gas turbines, even though not running, are considered 
spinning reserve due to their quick startup tine. 

Spray Module (Powered Spray Module) 

A water cooling device consisting of a pump and spray nozzle or 
nozzles nounted on floats and noored in the body of \later to be 
cooled. Heat is transferred principally by evaporation fron the 
water drops as they fall through the air. 

Stabilization Lagoon 

A shallow pond for storage of wastewater before discharge. Such 
lagoons nay serve only to detain and equalize wastewater 
composition before regulated discharge to a stream, but often 
they are used for biological oxidation. 

Stabilization Pond 

A type of ox1dation pond in which biological oxidation of organic 
matter is affected by natural or artifically accelerated transfer 
of oxygen to the water fron air. 

Stearn Dru~ 

Vessel in which the saturated steam is separated from the 
steam-water mixture and i~to which the feedwater is introduced. 

Supercritical 

Refers to boilers designed to operate at or above the critical 
point of water 22,100 kN/square meters and 374.0+C (3206.2 psia 
and 705.4~F). 

Superheated Steam 

Steam which has been heated to a temperature above that 
corresponding to saturation at a specific pressure. 

Suspended Solids 

(1) Solids which either float on the surface of or are in 
suspension in water, wastewater, or other liquids, and which are 
largely re~ovable by laboratory filtering. 

(2) The quantity of material removed fron wastewater in a 
laboratory test, as prescribed in "Standard Methods for the 
Examination of Water and Wastewater" and referred to as 
nonf ilterable residue. 
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Thermal Efficiency 

The efficiency of the thermodynanic cycls in producing work fro~ 
heat. The ratio of usable energy to heat input expressed as a 
percent. 

Thickening 

Process of increasing the solids content of sludge. 

Total Dynamic Head (TDH) 

Total energy provided by a pump consisting of the difference in 
elevation between the suction and discharge levels, plus losses 
due to unrecovered velocity heads and friction. 

Total Solids 

The total arrtount of solids in a wastewater in both solution and 
suspension. 

Turbine 

A device used to convert the energy of steam or gas into 
rotational mechanical energy and used as prime mover to drive 
electric generators. 

Treatnent Efficiency 

Usually refers to the percentage reduction of a specific or group 
of pollutants by a specific wastewater treat~ent step or 
treatment plant. 

Turbidmeter 

An instrument for measurement of turbidity in which a standard 
suspension usually is used for reference. 

Turbidity 

( 1) A conc.h tion in water or wastewater caused by the presence of 
suspended natter, resulting in the scattering and adsorption of 
light rays. 

(2) A measure of fine suspended natter in liquids. 

(3) An analytical quantity usually reported in arbitrary 
turbidity units determLned by i.1easurements of light c.hffraction. 
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Turbulent J<'low 

(1) The flow of a liquid past an obJect such that the velocity 
at any fixed point in the fluid varies irregularly. 

(2) A type of liquid flow in which there is an unsteady motion 
of the particles and the,motion at a fixed poi11t varies in no 
definite manner. Sometimes called eddy flow, sinuous flow. 

Unit 

In steam electric generation, the basic sysen for power 
generation consisting of a boiler and its associated turbine and 
generator with the required auxiliary equipnent. 

Utility 

(Public ulility)--A company either investor-owned or publicly 
owned which provides service to the public in general. The 
electric utilities generate and distribute electric power. 

Volatile Conbustion Matter 

The relatively light components in a fuel which readily vaporize 
at a relatively low temperature and which when combined or 
reacted w1th oxygen, giving out light and heat. 

Wet Bottom Furnace 

See slag-tap furnace. 

Wet Bulb Temperature 

The steady--state, nonequilibri um temperature reached by a smal 1 
mass of Welt.er inmersed under adiabatic conditions in a continuous 
stream of air. 

Wet Scrubber 

A device for the collection of particulate natter from a gas 
stream or adsorption of certain :rases from the stream. 
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APPENDIX A 

TVA RAW RIVER INTAKE AND 

ASH POND DISCHARGE DATA 

Quarterly Samples 

1973-1976 





Table A-I 

TVA PLANT A RIVER WATER INTAKE AND FLY ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date I/73 4/2/73 7 /2/73 10/I/73 
River Pond River Pond River Pond River Pond 
Intake Di&Lharge Intake DisLharge Intake Discharge Intake Disc...harge 

Alwninum, mg/! NA 6.4 NA 8.8 NA 3.7 NA 7.5 
Ammonia as N, mg/! NA O. IO NA 0.49 NA 0.02 NA 0.04 
Arsenic, mg/ 1 NA 0.023 NA O.OIO NA O.OI5 NA 0.005 
Barium, mg/! NA 0.3 NA 0.2 NA 0.2 NA 0.2 
Beryllium, mg/! NA <O.OI NA <O.OI NA <O.OI NA <O.OI 
Cadmium, mg/! NA 0.037 NA 0.036 NA 0.023 NA 0.052 
Calcium, mg/l NA 170 NA I70 NA I80 NA I60 
Chloride, mg/ 1 NA 6 NA 6 NA 7 NA I4 

~ 
Chromium, mg/ 1 NA 0.049 NA 0.033 NA O.OI2 NA O.OI6 

I Conductivity, 25°C, umhos/cm NA 750 NA 780 NA 750 NA 840 
...... 

Copper, mg/! NA 0.36 0.35 0.25 0.30 NA NA NA 
Cyanide, mg/! NA <O.OI NA <O.OI NA <O.OI NA <O.OI 
Hardness, mg/! NA 480 NA 490 NA 490 NA 460 
Iron, mg/! NA I.I NA 0.97 NA 0.47 NA 0.42 
Lead, mg/! NA <0.010 NA O. IOO NA <0.010 NA 0.014 
Magnesium, mg/! NA I3 NA I6 NA 9.5 NA I5 
Manganese, mg/l NA 0.50 NA 0.56 NA 0.45 NA 0.50 
Mercury, mg/! NA 0.0006 NA 0.0006 NA <0.0002 NA <0.0002 
Nickel, mg/ l NA O.I3 NA O.I2 NA o. 11 NA o. 13 
Phosphorous, mg/! NA O.I8 NA <0.03 NA 0.04 NA 0.03 
Selenium, mg/! NA 0.004 NA <O.OOI NA <O.OOI NA <0.001 
Sili<.a, mg/! NA I5 NA I4 NA I2 NA I4 
Silver, mg/I .... NA <O.OI NA <O.OI NA <O.OI NA <O.OI 
Solids, Dissolved, mg/! NA 680 NA 700 NA 570 NA 700 
Solids, Suspended, mg/! NA 17 NA 6 NA <I NA 3 
Sulfate, mg/l NA 410 NA 380 NA 300 NA 440 
ZinL, mg/! NA I .4 NA I. 3 NA I. 2 NA I.7 

NA = Not Available 



Table A-1 (Continued) 

TVA PLANT A RIVER WATER INTAKE AND FLY ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 1/15/74 4/8/74 7/15/74 10/8/74 
River Pond River Pond River Pond River Pond 
Intake Dischar~e Intake Dis1..harge Intake Dischaq~e Intake Dischar~e 

Aluminum, mg/! 5.7 13 6.7 6.6 1.0 3.6 1.1 7.9 
Ammonia as N, mg/! 0.14 1.4 0.04 1.0 0.04 0.26 0.02 0.15 
Arsenic, mg/i (0.005 0.005 <0.005 <0.005 <0.005 0.005 <0.005 n n1 n v.v1v 
Barium, mg/! 0.1 0.2 0.4 0.4 0.2 0.3 0.2 0.2 
Berylh.um, mg/! <0.01 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 
Cadmium, mg/! <0.001 0.041 <0.001 0.030 <0.001 0.038 <0.001 0.037 
Calcium, mg/! 24 110 27 94 41 94 41 110 
Chloride, mg/! 4 5 4 5 9 8 9 6 
Chromium, mg/! 0.021 0.17 0.024 0.056 <0.005 0.12 0.008 0.082 

:t>' Conductivity, 25°C, umhos/cm 140 710 210 740 320 640 310 680 
I Copper, mg/! 0.19 0.45 0.14 0.30 0.08 0.16 0.04 0.30 I\.) 

Cyanide, mg/! <0.01 <0.01 <0.01 
Hardness, mg/ 1 69 340 91 320 140 280 90 310 
Iron, mg/! 5.4 6.6 6.7 l.{} 1.3 Oo33 1.1 0~60 ~--- - -

Lead, mg/! 0.02 0.20 <0.010 0.021 0.026 <0.024 0.038 0.064 
Magnesium, mg/! 4 .1 17 5.7 20 8.0 12 6.8 9.4 
Manganese, mg/l 0.17 0.63 0.25 0.59 0.10 0.29 0.08 0.31 
Mercury, mg/! <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Nickel, mg/l <0.05 0.10 0.05 0.08 <0.05 0.06 <0.05 0.11 
Phosphorous, mg/l 0.12 0.02 0.13 0.02 0.04 0.02 0.03 0.02 
Selenium, mg/l <0.002 0.002 <0.002 <0.002 (0.002 <0.002 <0.002 <0.002 
Silica, mg/! 5.2 11 6.9 12 1.7 6.3 10 
Silver, mg/! <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 
Solids, Dissolved, mg/! 120 620 120 560 200 470 170 500 
Solids, Suspended, mg/! 100 6 190 5 14 2 45 6 
Sulfate, mg/l 6 280 28 430 24 240 15 380 
Zinc, mg/l 0.09 2.7 o. 12 1.1 0.08 1. 3 0.06 1. 4 



Table A-1 (Continued) 

TVA PLANT A RIVER WATER INTAKE AND FLY ASH POND DISCHARGE DATA 
(Qudrterly Samples) 

Date 2/3/75 4/7/75 7/14/75 10/14/75 
River Pond River Po Pd River o~~;i River - Pond .L VLLU 

IntaKe DisLharge Intake DisLharge Intake Discharge Intake 'DisLharge 

Aluminum, mg/ 1 0.05 6.2 * 10 1.2 12 2.1 9.6 
Ammonia as N, mg/l 0.10 1.2 0.02 0.75 0.04 0.54 Q.14 3.1 
Arsenic, mg/l no sample <0.005 <0.005 <0.005 0.010 0.005 0.035 
Barium, mg/l <O.l <O.l * (0.1 <O.l 0.2 <O. l <O. l 
Beryllium, mg/ l <0.01 <0.01 * <0.01 <0.01 0.01 <0.01 <0.01 
Cadmium, mg/l 0.004 0.025 * 0.051 0.001 0.057 <0.001 0.025 
Calcium, mg/l 29 88 * 110 48 120 35 110 
Chloride, mg/l 6 5 4 4 5 9 10 9 
Chromium, mg/l (0.005 0.052 * 0.016 <0.005 0.230 <0.005 0.029 

:i:io 
I Conductivity, 25°C, umhos/cm 240 590 190 740 280 1000 260 880 

w Copper, mg/l 0.05 0.24 * 0.35 0.04 0.41 0.09 0.43 
Cyanide, mg/l (0.0i <0.01 
Hardness, mg/l 91 270 * 370 150 350 120 340 
Iron, mg/l 1.4 2.2 * 8.6 1.4 4.0 1.9 1. 5 
Lead, mg/l 0.021 0.052 * 0.083 <0.010 0.150 0.022 0.042 
Magnesium, mg/l 4.5 13 * 12 6.6 13 7.1 l 7 
Manganese, mg/l 0.12 0.44 * 0.50 0.10 0.57 0.12 0.51 
Men ... ury, mg/l (0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Nickel, mg/l <0.05 0.07 * 0.11 0.05 0.13 <0.05 <0.05 
Phosphorous, mg/l (0.01 <0.01 0.05 0.04 0.14 0.04 0.06 0.05 
Selenium, mg/l no sample <0.002 <0.002 0.002 <0.002 <0.002 <0.001 <0.002 
Silica, mg/ 1 8.0 9.3 5.6 12 6.0 20 5.4 15 
Silver, mg/l (0.01 <0.01 * <0.01 <0.01 <0.01 <0.01 <0.01 
Solids, Dissolved, mg/l 140 470 150 500 170 700 176 640 
Solids, Suspended, mg/l 57 4 21 8 18 9 33 3 
Sulfate, mg/l 30 290 28 340 18 390 21 270 
Zin<.., mg/ 1 0.14 0.82 * 1.2 0.06 l. 8 0.10 l. 0 

*Bottle Broken 



Table A-1 (Continued) 

TVA PLANT A RIVER WATER INTAKE AND FLY ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 1/8/76 4/13/76 
River Pond River Pond 
Intake Discharge Intake Disl.harge 

Aluminum, mg/l 1. 2 9.5 1.0 7.4 
Ammonia as N, mg/l 0.07 0.89 0.03 0.55 
Arsenic, mg/l <0.005 0.005 <0.005 <0.005 
Barium, mg/l (0.1 <O.l <O. l 0.5 
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 
Cadmium, mg/l <0.001 0.049 <0.001 0.025 
Calcium, mg/l 42 92 32 110 
Chloride, mg/l 5 6 6 5 
Chromium, mg/l <0.005 0.080 <0.005 0.011 

!X:i' Conductivity, 25°C, umhos/cm 240 660 220 760 
I CoppE:r, mg/l 0.02 0.32 0.03 0.32 
~ 

Cyanide, mg/l 
Hardness, mg/l 130 280 100 320 
Iron, mg/l 1.2 5.6 1. 3 2.0 
Lead, mg/l <0.010 0.050 <0.010 0.020 
Magnesium, mg/l 5.4 13 5.5 11 

~Manganese, mg/ 1 O. IO 0.46 0.12 0.46 
- - - - -

Mercury, mg/l <0.0002 <0.0002 <0.0002 NES 
Nickel, mg/l <0.05 0.05 <0.05 <0.05 
Phosphorous, mg/l 0.04 0.06 0.04 0.03 
Selenium, mg/l <0.002 <0.002 <0.002 
Silica, mg/l 7.0 14 * 13 
Silver, mg/l <0.01 <0.01 <0.01 <0.01 
Solids, Dissolved, mg/l 150 480 130 510 
Solids, Suspended, mg/l 31 25 36 9 
Sulfate, mg/l 16 320 16 190 
Zinc, mg/l 0.02 0.74 0.06 0.85 

*Bottle Empty 



Table A-2 

TVA PLANT A RIVER WATER INTAKE AND BOTTOM ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 1/2/73 4/2/73 7 /2/73 10/1/73 
River Pond River Pond River Pond River_ Pond 
Intake Dibcharge Inta1<e n-i$ ha-g~ _.._ ...._,, I. ir;:; Intake Discharge Intake Pischarge 

Aluminum, mg/l NA 2.6 NA 0.9 NA 8.0 NA 0.7 
Ammonia as N, mg/l NA 0.06 NA 0.06 NA 0.06 NA 0.22 
Arsenic, mg/l NA 0.002 NA 0.005 NA 0.015 NA <0.005 
Bdrium, mg/l NA <O. l NA <O.l NA 0.1 NA 0.1 
Beryllium, mg/ 1 NA <0.01 NA <0.01 NA <0.01 NA <0.01 
Cadmium, mg/l NA <0.001 NA <0.001 NA <0.001 NA <0.001 
Calcium, mg/l NA 33 NA 33 NA 44 NA 67 
Chloride, mg/l NA 6 NA 8 NA 8 NA 15 
Chromium, mg/l NA <0.005 NA <0.005 NA <0.005 NA <0.005 

~ 
Conductivity, 25°C, um hos/ cm NA 250 NA 250 NA 290 NA 400 

I Copper, mg/l NA 0.01. NA <0.01 NA 0.08 NA 0.03 
U1 Cyanide, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01 

Hardness, mg/l NA llO NA llO NA 140 NA 170 
Iron, mg/l NA 3.8 NA 2.0 NA 7.5 NA 2.1 
Lead, mg/l NA <0.010 NA 0.010 NA <0.010 NA <0.010 
Magnesium, mg/l NA 5.7 NA 6.7 NA 6.7 NA 0.3 
Manganese, mg/l NA 0.12 NA 0.14 NA 0.25 NA 0.15 
Mercury, mg/l NA 0.0008 NA 0.0004 NA <0.0026 NA <0.0002 
Nic.kel, mg/l NA <0.05 NA <0.05 NA <0.05 NA 0.12 
Phosphorous, mg/l NA 0.17 NA <0.03 NA 0.36 NA 0.09 
Selenium, mg/l NA 0.002 NA <0.004 NA <0.001 NA <0.001 
Silica , mg/ 1 NA 7.3 NA 8.1 NA 6.1 NA 8.6 
Silver, mg/l NA <0.01 NA <0.01 NA <0.01 NA (0.01 
Solids, Dissolved, mg/l NA 170 NA 180 NA 180 NA 260 
Solids, Suspended, mg/l NA 27 NA 13 NA 74 NA 6 
&ulfate, mg/l NA 41 NA 45 NA 50 NA 80 
Zinc, mg/l NA 0.08 NA 0.03 NA 0.07 NA 0.02 

NA = Not Available 



Table A-2 (Continued) 

TVA PLANT A RIVER WATER INTAKE AND BOTTOM ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 1/15/74 4/8/74 7 /15/74 10/8/74 
River Pond River Pond River Pond River Pond 
Intake Discharge Intake Discharge Intake Discharge Intake 'Discharge 

Aluminum, mg/1 5.1 6.0 6.7 7.9 1.0 0.5 1. 1 1. 3 
Ammonia as N, mg/l 0.14 0.05 0.04 0.34 0.04 0.12 0.02 0.04 
Arsenic, mg/1 <0.005 0.005 <0.005 0.005 <0.005 <0.005 <0.005 <0.005 
Barium, mg/l 0.1 O.i 0.4 0.3 0.2 0.2 0.2 0.2 
Beryllium, mg/l (0.01 (0.01 (0.01 (0.01 (0.01 <0.01 (0.01 <0.01 
Cadmium, mg/1 (0.001 (0.001 <0.001 <0.001 (0.001 0.002 <0.001 <0.001 
Calcium, mg/l 21 23 27 30 41 44 41 47 
Chloride, mg/1 4 5 4 6 9 10 9 9 
Chromium, mg/l 0.021 0.023 0.024 O.Oll (0.005 <0.005 0.008 0.010 

:i::-i Conductivity, 25°C, umhos/cm 140 180 210 250 320 360 310 320 I 

°' Copper, mg/l 0.19 0.12 0.14 0.14 0.08 0.01 0.04 0.09 
Cyanide, mg/1 (0.01 (0.01 <0.01 
Hardness, mg/l 69 76 91 100 140 150 90 150 
Iron, mg/l 5.4 ll 6.7 10 1. 3 1.7 1.1 4.2 
Lead, mg/l 0.02 0.031 (0.010 0.019 0.026 0.020 0.038 0~020 

Magnesium, mg/l 4.1 4.4 5.7 6.0 8.0 9.3 6.8 1.7 
Manganese, mg/l 0.17 O.J6 0.25 0.26 0.10 0.01 O.OB 0.12 
Mercury, mg/l (0.0002 (0.0002 (0.0002 0.0006 <0.0002 (0.0002 (0.0002 (0.0002 
Nickel, mg/l (0.05 (0.05 (0.05 (0.05 (0.05 0.05 <0.05 (0.05 
Phosphorous, mg/l 0.12 0.14 0.13 0.23 0.04 0.03 0.03 0.03 
Selenium, mg/l <0.002 0.004 (0.002 (0.002 (0.002 (0.002 <0.002 (0.002 
Silica, mg/l 5.2 6.3 6.9 7.4 1.7 6.3 8.0 
Silver, mg/l (0.01 (0.01 <0.01 (0.01 (0.01 (0.01 (0.01 (0.01 
Solids, Dissolved, mg/l 120 150 120 170 200 240 170 200 
Solids, Suspended, mg/l 100 120 190 200 14 5 45 26 
Sulfate, mg/l 6 41 28 48 24 42 15 43 
Zinc, mg/l 0.09 0.14 0.12 0.16 0.08 0.01 0.06 0.15 



Table A-2 (Continued) 

TVA PLANT A RIVER WATER INTAKE ANO BOTTOM ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 1/14/75 4/7/75 7I14/75 10/14/75 
River Pond River Pond Kiver Pond River Pond 
Intake Discharge Intake Discharge Intake Discharge Intake \?ibLhdrge 

Aluminum, mg/ 1 NA 4.9 * 3. 1 1. 2 0.7 2. 1 2. l 
Ammonia as N, mg/l NA 0.06 0.02 0.06 0.04 0.09 0.14 0.14 
Arsenic, mg/l NA <0.005 <0.005 <0.005 <0.005 0.005 0.015 
Barium, mg/l NA 0.1 * <O. l <O. l <O. l (0.1 (0.1 
Beryllium, mg/l NA <0.01 * <0.01 <0.01 <0.01 (0.01 (0.01 
Cadmium, mg/l NA <0.001 * 0.002 0.001 0.001 (0.001 0.002 
Calcium, mg/ 1 NA 34 * 23 48 51 35 26 
Chloride, mg/l NA 5 4 4 5 6 10 7 
Chromium, mg/ 1 NA <0.005 * 0.005 <0.005 <0.005 (0.005 (0.005 

:i::i Conductivity, 25°C, umhos/cm NA 260 190 200 280 320 260 160 I 
......i Copper, mg/ 1 NA 0.02 * 0.09 0.04 0.11 0.09 O.u9 

Cyanide, mg/l NA <0.01 
Hardness, mg/l NA 110 * 76 150 160 120 94 
Iron, mg/l NA 8.3 * 5.6 1.4 2.3 1.9 4. l 
Lead, mg/l NA 0.018 * 0.028 <0.010 <0.010 0.022 0.018 
Magnesium, mg/l NA 5.8 * 4.6 6.6 7. 1 7. l 7. l 
Manganese, mg/l NA 0.24 * 0.13 0.10 0.12 0.12 0.25 
Mercury, mg/l NA <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 (0.0002 (0.0002 
Nie kel, mg/ 1 NA <0.05 * <0.05 0.05 <0.05 <0.05 (0.05 
Phosphorous, mg/l NA 0.08 0.05 0.02 0.14 0.02 0.06 0.05 
Selenium, mg/l NA <0.002 <0.002 <0.002 <0.002 <0.002 (0.001 (0.001 
SiliLa, mg/l NA 9.3 5.6 6.0 6.0 7.6 5.4 b.5 
Silver, mg/l NA <0.01 * <0.01 <0.01 <0.01 <0.01 (0.01 
Solids, Dissolved, mg/l NA 170 150 140 170 200 160 160 
Solids, Suspended, mg/l NA 110 21 21 18 6 33 14 
Sulfate, mg/l NA 29 28 40 18 63 21 23 
Zinc, mg/l NA 0.06 * o. 10 0.06 0.09 0.10 0.02 

NA = Not Available 
*Bottle Broken 



Table A-2 (Continued) 

TVA PLANT A RIVER WATER INTAKE AND BOTTOM ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 1/8/76 4/13/76 
River Pond River Pond 
Intake Dist..har~e Intake Dischar~e 

Aluminum, mg/I NA 3.3 NA 2.0 
Ammonia as N, mg/l NA 0.06 NA 0.07 
Arsenic, mg/l NA 0.005 NA <0.005 
Barium, mg/l NA <O. l NA (0.1 
Beryllium, mg/l NA <0.01 NA (0.01 
Cadmium, mg/l NA (0.001 NA (0.001 
Calcium, mg/l NA 43 NA 38 
Chloride, mg/l NA 6 NA 6 
Chromium, mg/l NA 0.008 NA <0.005 

~ Conductivity, 25°C, umhos/cm NA 280 NA 260 I 
(X) Copper, mg/l NA 0.08 NA 0.09 

Cyanide, mg/l NA NA 
Hardness, mg/l NA 130 NA 120 
Iron, mg/l NA 4.7 NA 4.4 
Lead, mg/l NA (0.010 NA <0.010 
Magnesium, mg/l NA 6.0 NA 6.3 

-~ - - Md nganese , mg/ 1 NA- 0.14 NA 0.15 
Mercury, mg/l NA <0.0002 NA <0.0002 
Nickel, mg/l NA (0.05 NA (0.05 
Phosphorous, mg/l NA 0.07 NA 0.06 
Selenium, mg/l NA (0.002 NA (0.002 
Silica, mg/l NA 7.6 NA 6.3 
Silver, mg/l NA (0.01 NA (0.01 
Solids, Dissolved, mg/l NA 190 NA 160 
Solids, Suspended, mg/l NA 42 NA 33 
Sulfate, mg/l NA 45 NA 41 
Zinc, mg/l NA 0.12 NA 0.09 

NA = Not Available 
*Bottle Empty 



Table A-3 

TVA PLANT B RIVER WATER INTAKE AND FLY ASH POND DISCHARGE DATA 
(Quarterly Sampleb) 

Date 1/21/73 4/5/73 7 /23/73 10/1/73 
River Pond Ri.ver Pond River Pond River Pond 
Intake Discliarge Intake Discharge Intake Discharge I11td1<e 'Discl,arge 

Aluminum, mg/l NA 1. 8 NA 0.7 NA 4.8 NA 2.6 
Ammonia as N, mg/l NA 0.11 NA 0.20 NA 0.08 NA 0.04 
Arsenic, mg/l NA 0.065 NA 0.050 NA 0.010 NA 0.005 
Barium, mg/l NA 0.1 NA <O.l NA 0.1 NA <O.l 
Beryllium, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01 
Cadmium, mg/l NA <OeOOl NA 0.002 NA <0.001 NA <0.001 
Calcium, mg/l NA 250 NA 130 NA 430 NA 33 
Chloride, mg/l NA 7 NA 4 NA 6 NA 8 

> Chromium, mg/l NA 0.036 NA <0.005 NA 0.011 NA <0.005 
I Conductivity, 25°C, umhos/cm NA 940 NA 580 NA 2,200 NA 240 

ID Copper, mg/l NA <0.01 NA 0.02 NA 0.02 NA <0.01 
Cyanide, mg/l NA <0.01 NA <0.01 NA <0.01 NA <O.Ol 
Hardness, mg/l NA 650 NA 340 NA 1, 100 NA 110 
Iron, mg/l NA 0.69 NA 7.1 NA l. 2 NA 4.2 
Lead, mg/l NA <0.010 NA <0.010 NA <0.010 NA <0.010 
Magnesium, mg/l NA 6.8 NA 4.4 NA 0.2 NA 5.9 
Manganese, mg/l NA 0.04 NA o. 63 NA 0.04 NA 0.12 
Mercury, mg/l NA 0.0056 NA 0.0002 NA 0.0010 NA <0.0002 
Nickel, mg/l NA <0.05 NA <0.05 NA <0.05 NA <0.05 
Phosphorous, •ng/l NA 0.55 NA 0.24 NA 0.03 NA 0.18 
Selenium, mg/l NA 0.064 NA 0.007 NA 0.030 NA <0.001 
Silica, mg/l NA 8.0 NA 22 NA 3.7 NA 6.0 
Silver, mg/l NA <0.01 NA <0.01 NA <0.01 NA <O. 01 
Solids, Dissolved, mg/l NA 760 NA 440 NA 1, 100 NA 160 
Solids, Suspended, mg/l NA 13 NA 14 NA 28 NA 39 
Sulfate, mg/l NA 450 NA 230 NA 480 NA 44 
Zinc, mg/l NA 0.08 NA 0.04 NA 0.09 NA 0.03 

NA z Not Available 



Table A-3 (Continued) 

TVA PLANT B RIVER WATER INTAKE AND FLY ASH POND DISCHARGE DATA 
(Qudrterly Samples) 

Date 2/12/74 5/15/74 4/8/74 8/13/74 7 /16/74 11/12/74 10/30/74 
River Pond River Pond River Pond River I Pond 
Intake Disc..harge Intake Disc..harge Intake Disl..haq~e Intake Disl..harge 

Aluminum, mg/l 1. 6 0.8 1.0 1.8 0.6 1.0 0.2 0.9 
Ammonia as N, mg/l 0.04 0.09 0.05 <0.01 0.06 <0.01 0.04 0.02 
Arsenic, mg/l <0.005 0.010 <0.005 0.065 <0.005 0.055 <0.005 <0.005 
Barium, mg/l <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1 0.1 
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Cadmium, mg/l <0.001 <0.001 <0.001 <0.001 <0.001 0.002 0.002 0.001 
Calcium, mg/l 19 120 22 27 22 50 19 95 

:;i:. Chloride, mg/l 4 6 4 4 6 6 7 8 
I Chromium, mg/l <0.005 0.017 <0.005 0.010 <0.005 <0.005 <0.005 0.034 ...... 

0 Conductivity, 25°C, umhos/cm 150 550 150 200 170 67 620 
Copper, mg/l <0.01 <0.01 0.04 <0.05 <0.01 <0.01 <0.01 0.04 
Cyanide, mg/l <0.01 <0.01 <0.01 
Hardness, mg/l 67 320 76 79 77 140 69 250 
Iron, mg/l 0.9 1.I 0.47 0.66 0.44 0.26 0.36 0.19 
Lead, mg/l 0.010 <0.010 <0.010 0.027 <0.010 0.024 <0.010 <0.010 
Magnesium, mg/l 4.7 4.4 5.0 2.8 5.0 4.1 5.2 2.3 
Manganese, mg/l 0.06 0.05 0.04 0.06 0.1 0.02 0.05 0.05 
Merl..ury, mg/l <0.0002 <0.0002 0.0009 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Nic..kel, mg/l <0.05 0.08 <0.05 <0.005 <0.05 <0.05 <0.05 <0.05 
Phosp~orous, mg/l 0.10 0.03 0.13 0.04 0.10 0.02 <0.01 
Selenium, mg/l <0.001 0.004 <0.002 0.007 <0.002 <0.002 <0.002 <0.002 
Silica, mg/l 7.2 7.8 5.1 3.8 4.8 4.6 4.5 
Silver, mg/l <0.01 <0.01 <O. 01 <0.01 <0.01 <0.01 <0.01 <0.01 
Solids, Dissolved, mg/l 90 40 90 130 100 250 460 
Solids, Suspended, mg/l 14 15 4 15 7 3 2 
Sulfate, mg/l 12 190 11 35 14 110 14 230 
Zinc, mg/l 0.02 0.02 <0.01 <0.01 0.01 0.13 <0.01 0.06 



Table A-3 (Continued) 

TVA PLANT B RIVER WATER INTAKE AND FLY ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 2/4/75 1/15/75 5/19/7 5 4/21/75 8/5/75 4/14/75 11/4/75 10/14/75 
Fiver Por'd River - Pond River Pona River Pond 
Intake Disc.harge Intake Disc.hdrge Intake Discharge Intake Disd1drge ---

Aluminum, mg/l 0.6 0.4 1. 3 0.5 1.6 0.7 1.5 
Ammonia as N, mg/l 0.08 0.09 0.08 0.11 0.05 0.02 0.04 0.06 
Arsenic, mg/l (0.005 (0.005 (0.005 0.005 (0.005 0.070 0.005 0.008 
Barium, mg/l 0.2 (0.1 (0.1 (0.1 0.2 (0.1 (0.1 
Beryllium, mg/l (0.01 (0.01 (0.01 (0.-01 (0.01 <0.01 (0.01 
Cadmium, mg/ 1 (0.001 (0.001 0.003 (0.001 0.01 0.001 0.002 (0.001 
Calcium, mg/l 17 110 20 220 190 16 170 

!I:" Chloride, mg/l 6 7 4 7 7 6 7 7 
I Chromium, mg/l (0.005 (0.005 (0.005 0.020 (0.005 0.006 (0.005 (0.005 

I-' Conductivity, 25°C, umhos/cm 160 650 150 880 790 140 730 I-' 

Copper, mg/l 0.02 (0.01 <0.01 0.03 0.02 0.08 <0.01 0.10 
Cyaniae, mg/l (0.01 
Hardness, mg/l 57 290 67 550 480 56 450 
Iron, mg/l 0.32 0.48 0.68 0.21 0.38 0.27 0.37 0.14 
Lead, mg/ 1 0.014 (0.010 0.030 (0.010 (0.010 (0. 010 (0.010 
Magnesium, mg/l 3.6 3.6 4.5 0.6 2.1 3.8 6.1 
Manganese, mg/l 0.06 0.31 0.04 0.03 0.08 0.02 0.06 0.03 
Mercury, mg/l (0.0002 (0.0002 (0.0002 0.0004 (0.0002 0.0120 (0.0002 0.0002 
Nickel, mg/l (0.05 (0.05 0.06 (0.05 (0.05 (0.05 (0.05 
Phosphorous, mg/l 0.02 0.01 0.02 (0.01 0.02 0.04 0.01 0.04 
Selenium, mg/l (0.002 (0.002 (0.002 0.022 (0.002 0.018 <0.002 0.025 
Silica, mg/l 5.6 5.9 3.2 7.2 5.6 6.5 4.8 3.1 
Silver, mg/l (0.01 (0.01 (0.01 (0.05 (0.01 (0.01 (0.0l 
Solids, Dissolved, mg/l 100 440 90 520 90 600 95 600 
Solids, Suspended, mg/l 12 6 8 6 9 10 5 2 
Sulfate, mg/l 18 160 9 300 10 17 10 320 
Zinc, mg/l 0.04 0.04 (0.01 0.02 0.02 0.06 (0.01 0.03 



Table A-4 

TVA PLANT B RIVER WATER INTAKE AND BOTTOM ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 1/21/73 4/5/73 7 /23/73 10/1/73 
River Pond River Pond River Pond River Pond 
Intake Dis<..ha q~e Intake Discharge Intake Dischaq~e Intake 'Dis<..har~ 

Aluminum, mg/l NA 1.5 NA 2.2 NA 0.9 NA 4.1 
Ammonia as N, mg/l NA 0.09 NA 0.04 NA 0.01 NA 0.06 
Arsenic, mg/l NA <0.005 NA 0.005 NA 0.010 NA 0.050 
Barium, mg/l NA <O. l NA <O.l NA <O.l NA <0.1 
Berylliwn, mg/l NA <0.01 NA <0.01 NA <0.01 NA <O. l •1 
Cadmium, mg/l NA <0.001 NA <0.001 NA <0.001 NA u.01 
Calcium, mg/l NA 24 NA 23 NA 30 NA 200 
Chloride, mg/l NA 7 NA 5 NA 6 NA 8 

:t>i Chromium, mg/l NA <0.005 NA <0.005 NA <0.005 NA 0.026 
I Conductivity, 25°C, umhos/cm NA 210 NA 180 NA 210 NA 750 
~ 

I\) Copper, mg/l NA <0.01 NA 0.03 NA 0.01 NA <0.01 
Cyanide, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01 
Hardness, mg/ 1 NA 80 NA 78 NA 93 NA 520 
Iron, mg/l NA 3.2 NA 2.4 NA 1.8 NA 1.1 

--Lead, mg/l NA <0.(}10 i.A (0.010 NA <0.010 NA - 0.012 
Magnesiwn, mg/l NA 4.9 NA 5.1 NA 4.4 NA 4.8 
Manganese, mg/l NA 0.16 NA 0.12 NA 0.05 NA 0.07 
Mercury, mg/l NA 0.0026 NA <0.0002 NA 0.0021 NA <0.0002 
Ni<..kel, mg/l NA <0.05 NA <0.05 NA <0.05 NA <0.05 
Phosphorous, mg/l NA 0.11 NA 0.18 NA 0.10 NA 0.36 
Selenium, mg/l NA <0.001 NA 0.001 NA NA 0.056 
Silica, mg/l NA 5.7 NA 5.6 NA 5.3 NA 3.7 
Silver, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01 
Solids, Dissolved, mg/l NA 110 NA 120 NA 130 NA 630 
Solids, Suspended, mg/l NA 20 NA 15 NA 10 NA 46 
Sulfate, mg/l N..A. 30 NA 25 NA 36 NA 350 
Zinc, mg/l NA 0.03 NA 0.02 NA 0.02 NA 0.09 

NA = Not Available 



Table A-4 (Continued) 

TVA PLANT B RIVER WATER INTAKE AND BOTTOM ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 2/ 12/74 5ll517li li/8/74 8/13/74 11 /J.2/74 10/30174 
River Pon<l River Pond River Pond River Pond 
Intake Disd1arge Intake DibLharge Intake Discharge Intake ,DisLhar8e 

Aluminum, mg/l 1.6 3.7 1.0 8.6 0.6 NA 0.2 0.4 
Ammonia as N, mg/l 0.04 0.08 0.05 0.31 0.06 NA 0.04 0.12 
Arsenic , mg/ 1 <0.005 0.010 (0.005 <0.005 (0.005 NA <0.005 (0.00) 
Barium, mg/l <O. l <O. l <O. l 0.3 <O. l NA <O.l <O.l 
Beryllium, mg/l <0.01 (0.01 <0.01 <0.01 <0.01 NA <0.01 <0.01 
Cadmium, mg/l (0.001 <0.001 <0.001 0.004 <0.001 NA 0.002 0.001 
Calcium, mg/l 19 37 22 120 22 NA 19 16 
Chloride, mg/l 4 8 4 11 6 NA 7 8 

!?::< 
Chromium, mg/l <0.005 <0.005 <0.005 <0.005 (0.005 NA <0.005 0.020 

I ConduLtivity, 25°C, umhos/cm 150 300 150 960 170 NA 220 ..... Copper, mg/! <0.01 0.04 0.04 0.18 <0.01 NA <0.01 0.04 w 
Cyanide, mg/l <0.01 <0.01 NA 
Hardness, mg/l 67 120 76 390 77 NA 69 57 
Iron, mg/l 0.9 8.0 0.4 7 30 0.44 NA 0.36 1 • 1 
Lead, mg/l 0.010 <0.010 (0.010 0.048 <0.010 NA <0.010 <0.010 
Magnesium, mg/l 4.7 7.0 5.0 21 5.0 NA 5.2 4.2 
Manganese, mg/l O.Ob 0.54 0.04 3.6 0.1 NA 0.05 0.04 
MerLury, mg/l <0.0002 <0.0002 0.0009 <0.0002 <0.0002 NA <0.0002 <0.0002 
Nickel, mg/ 1 <0.05 <0.05 (0.05 0.14 <0.05 NA <0.05 <0.05 
Phosphorous, mg/l 0.12 0.03 0.08 0.04 NA 0.02 0.04 
Selenium, mg/l 0.001 0.014 <0.002 <0.002 <0.002 NA <0.002 (0.002 
Silica, mg/l 7.2 6.7 5.1 22 4.8 NA 4.6 4.8 
Silver, mg/ 1 (0.01 <0.01 <0.01 <0.01 <0.01 NA <0.01 (0.01 
Solids, Dissolved, mg/l 90 190 90 710 100 NA 120 
Solids, Suspended, mg/l 14 48 4 78 7 NA 4 
Sulfate, mg/l 12 71 11 470 14 NA 14 22 
Zinc, mg/l 0.02 0.24 <0.01 0.55 0.01 NA (0.01 0.06 

NA = Not Available 



Table A-4 (Continued) 

TVA PLANT B RIVER WATER INTAKE AND BOTTOM ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 2/4/75 1/ 15/75 5/19/75 4/21/75 8/5/75 7/14/75 11/4/75 10/14/75 
River Pond River Pond River Pond River Pond 
Intake Discharge Intake Discharge Intake Discharge Intake Discharge 

Aluminum, mg/l 1.2 0.4 1. 4 0.5 0.6 0.7 0.5 
Ammonid as N, mg/l 0.08 0.04 0.08 0.06 0.05 o.os 0.04 <0.01 
Arsenic, mg/ 1 <0.0005 <0.0005 <0.005 <0.005 <0.005 <0.005 0.005 0.008 
Barium, mg/l <0-1 <O.l <O.l <O.l 0.1 <O. l <O. l 
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Cadmium, mg/l <0.001 <0.001 0.003 <0.001 0.01 0.001 0.002 <0.001 
Calcium, mg/l 17 30 20 17 26 16 23 
Chloride, mg/l 6 8 4 5 7 6 7 7 

~ Chromium, mg/l <0.005 0.008 <0.005 0.012 <0.005 <0.005 <0.005 <0.005 
I-' Conductivity, 25°C, umhos/cm 160 250 150 190 160 140 190 

""' Copper, rug/ 1 0.02 0.20 <0.01 0.03 0.02 0.08 <0.01 0.06 
Cyanide, mg/l <0.01 
Hardness, mg/l 57 93 67 60 85 56 79 
Iron, mg/l 0.32 2.1 0.68 2.5 0.38 2.2 0.37 1.7 

__ Lead, mg/ 1 0.042 <0.010 0.024 <0.010 <0.010 <0.010 <0.010 -- - -

Magnesium, mg/l 3.6 4.5 4.5 4.3 4.9 3.8 5.2 
Manganese, mg/l 0.06 0.13 0.04 0.09 0.08 0.08 0.06 0.09 
Mercury, mg/l <0.0002 <0.0002 <0.0002 0.042 <0.0002 <0.0002 <0.0002 0.0002 
Nickel, mg/ 1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Phosphorous, mg/l 0.02 0.03 0.02 0.03 0.02 0.04 0.01 0.03 
Selenium, mg/l <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 
Sili<...a, mg/l 5.6 6.9 3.2 6.1 5.6 4.5 4.8 5.0 
Silver, mg/l <0.01 <0.01 <0.01 <0.05 <0.01 <0.01 <0.01 
Solids, Dissolved, mg/l 100 140 90 120 90 120 95 110 
Solids, Suspended, mg/l 12 23 8 13 9 16 5 2 
Sulfate, mg/l 18 35 9 26 10 20 10 25 
Zinc, mg/l 0.04 0.12 <0.01 0.11 0.02 0.12 <0.01 0.03 



Table A-5 

TVA PLANT C RIVER WATER INTAKE AND COMBINED ASH POND (EAST) DISCHARGE DATA 
(Quarterly Samples) 

Date 1/73 4/3/73 7 /3/73 9/30/73 
River DnnA River Pond River- Pond River Pond &. V&&'-1 

Intake Dischaq~e Intake Discharge Intake Dischaq~e Intake Disd1arge 

Al um mum, mg/ 1 NA 1.8 NA 3.8 NA 2.7 NA 0.3 
Ammonia as N, mg/l NA 0.23 NA 0.12 NA 0.09 NA 0.04 
Arsenic, mg/l NA 0.008 NA 0.010 NA 0.015 NA 0.050 
Barium, mg/l NA (0.1 NA 0.2 NA 0.1 NA (0.1 
Beryllium, mg/l NA <0.01 NA <0.01 NA <0.01 NA (0.01 
Cadmium, mg/l NA 0.002 NA 0.004 NA 0.002 NA 0.003 
Calcium, mg/l NA 45 NA 86 NA 94 NA 100 
Chloride, mg/l NA 8 NA 11 NA 12 NA 16 

:i:oi 
Chromium, mg/l NA <0.005 NA 0.008 NA <0.005 NA <0.005 

I Conductivity, 25°C, umhos/cm NA 380 NA 470 NA 430 NA 620 
...... Copper, mg/ 1 NA 0.01 NA (0.01 NA 0.02 NA <0.01 U1 

Cyanide, mg/l NA (0.01 NA <0.01 NA <0.01 NA <0.01 
Hardness, mg/ 1 NA 140 NA 250 NA 290 NA 3LO 
Iron, mg/l NA 2.0 NA 4.1 NA 2.5 NA 0.34 
Lead, mg/l NA <0.010 NA 0.069 NA <0.010 NA 0.012 
Magnesium, mg/l NA 7.1 NA 9.4 NA 14 NA 16 
Manganese, mg/l NA 0.13 NA 0.27 NA 0.16 NA 0.25 
Mercury, mg/l NA 0.0025 NA 0.0006 NA <0.0002 NA <0.0002 
Nickel, mg/l NA <0.05 NA <0.05 NA (0.05 NA (0.05 
Phosphorous, mg/l NA 0.21 NA 0.24 NA 0.15 NA o.n 
Selenium, mg/l NA 0.080 NA NA 0.004 NA (0.001 
Sili<..a, mg/l NA 6.4 NA 7.5 NA 4.7 NA 8.0 
Silver, mg/l NA <0.01 NA <0.01 NA <0.01 NA (0.01 
Solids, Dissolved, mg/l NA 260 NA 310 NA 300 NA 460 
Solids, Subpended, mg/l NA 17 NA 37 NA 25 NA 4 
Sulfate, mg/l NA 120 NA 130 NA 110 NA 170 
Zinc, mg/l NA 0.09 NA 0.08 NA 0.10 NA 0.02 

NA = Not Available 



Table A-5 (Continued) 

TVA PLANT C RIVER WATER INTAKE AND COMBINED ASH POND (EAST) DISCHARGE DATA 
(Quarterly Samples) 

Date l /15/74 4/9/74 7 /16/74 10/18/74 
River Pond River Pond River Pond River Pond 
Intake Discharge Intake Discharge Intake Discharge Intake Pischarge 

Aluminum, mg/l 1.4 2.4 3.7 1.1 4.9 1. 9 1. 9 0.3 
Ammonia as N, mg/l 0.28 0.23 0.03 0.02 0.12 0.08 0.29 0.07 
Arsenic, mg/l 0.010 0.005 <0.005 0.010 <0.005 0.005 <0.005 <0.005 
Barium, mg/l 0.1 0.2 0.2 0.4 0.2 0.3 0.2 0.1 
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Cadmium, mg/l <0.001 0.010 <0.001 0.010 <0.001 0.006 <0.001 0.004 
Calcium, mg/l 15 80 29 70 28 83 38 100 
Chloride, mg/l 9 9 12 12 10 10 16 15 
Chromium, mg/l 0.041 0.008 <0.005 <0.005 <0.005 <0.005 0.016 <0.010 

~ Conductivity, 25°C, umhos/cm 170 510 310 560 300 580 410 600 
I 

t-' Copper, mg/ 1 0.22 <0.01 0.12 0.10 0.15 0.07 0.06 0.04 
°' Cyanide, mg/l <0.01 <0.01 <0.01 

Hdrdness, mg/l 65 230 110 180 110 250 150 310 
Iron, mg/! 14 3.3 3.7 1.6 6.1 2.7 2 .. 4 0~33 

Lead, mg/l 0.032 0.024 0.02 <0.010 0.022 0.020 0.010 0.020 
Magnesium, mg/l 6.8 7.2 9.4 1.4 9.8 11 14 14 
Manganese, mg/l 0.34 0.25 0.12 0.34 0.38 0.18 0.53 0.19 
Mercury, mg/l <0.0002 0.11 <0.0002 0.0074 0.0016 <0.0002 <0.0002 <0.0002 
Nickel, mg/l 0.05 0.07 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Phosphorous, mg/l 0.49 0.02 0.28 0.02 0.29 0.06 <0.01 
Seleniwn, mg/l 0.004 0.010 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 
Silica, mg/l 7.1 7.2 7.9 8.7 5.4 6.5 
Silver, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 
Solids, Dissolved, mg/l 170 330 160 350 200 240 400 
Solids, Suspended, mg/l 38 32 32 22 31 24 39 3 
Sulfate, mg/l 48 190 44 190 40 160 52 170 
Zinc, mg/l 0.13 0.25 0.08 0.22 0.03 0.11 0.06 0.08 



Table A-5 (Continued) 

TVA PLANT C RlVER WATER INTAKE AND COMBINED ASH POND (EAST) DI~CHARGE DATA 
(Qudrterly Samples) 

Date 1/14/75 4/8/75 7/iS/75 10/14/75 
River Pond River Pond River Pond River Pond 
Intake Discharge Intake DisLharge Intake Discharge Intake lHsLharge 

" Altuninum, mg/l 15 0.4 8.5 1. 0 1.3 0.6 0.6 1.4 
Ammonia as N, mg/l 0.33 0.34 0.03 0.04 0.03 0.06 0.03 0.05 
Arsenic, mg/ 1 (0.005 <0.005 (0.005 0.005 0.026 0.032 (0.005 0.010 

y Barium, mg/l 0.1 0.3 <O. l (0.1 <O. l <O.l <O.l (0.1 
Beryllium, mg/l (0.01 (0.01 (0.01 (0.01 <0.01 <0.01 <0.01 <0.01 
Cadmium, mg/l <0.001 0.007 0.002 0.013 <0.001 0.003 <0.001 0.002 
Calcium, mg/l 20 59 17 88 43 68 45 66 
Chloride, mg/l 9 9 7 7 11 12 15 16 

!J>I Chromium, mg/ 1 (0.005 (0.005 0.013 <0.005 0.009 <0.005 (0.005 <0.005 
I Conductivity, 25°C, umhos/cm 20 480 200 480 360 5200 400 530 I-' 

-..J Copper, mg/l 0.03 0.04 0.13 0.09 0.10 0.05 0.09 0.07 
Cyanide, mg/l <0.01 
Hardness, mg/l 80 180 69 250 160 220 150 230 
Iron, mg/l 13 0.49 10 1.4 1.4 1.1 1.0 2.3 
Lead, mg/l 0.028 0.030 0.04 7 0.021 <0.010 <O. 010 <O. 010 <0.010 
Mdgnes itun, mg/ 1 7.4 7.8 6.5 7.0 12 13 IO 15 
Manganese, mg/l 0.26 o. 13 0.29 0.17 0.26 0.14 0.29 0.14 
Mercury, mg/l <0.0002 0.0220 (0.0002 No Bottle <0.0002 <0.0002 <0.0002 <0.0002 
Nickel, mg/l <0.05 0.05 (0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Phosphorous, mg/I 0.27 0.02 0.23 0.02 0.10 0.05 0.07 0.07 
Selenium, mg/l <0.002 <0.002 <0.002 <0.002 <0.002 (0.002 <0.001 0.002 
Silica, mg/l 5.6 6.7 5.8 7.8 5.6 11 5.5 6.6 
Silver, mg/l <0.01 (0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <O.Ol 
Solids, Dissolved, mg/l 200 320 190 340 220 340 260 380 
Solids, Suspended, mg/l 150 5 48 12 17 4 11 25 
Sulfate, mg/l c 54 180 68 200 31, 130 68 140 
Zinc, mg/l 0.10 0.14 0.10 0.27 0.08 0.04 0.07 0.07 



Table A-5 (Continued) 

TVA PLANT C RIVER WATER INTAKE AND COMBINED ASH POND (EAST) DISCHARGE DATA 
(Quarterly Samples) 

Date 1/8/76 4/13/76 
River Pond River Pond 
Intake Dischaq~e Intake Discharge 

Aluminum, mg/! 1.2 1.2 1.1 2.3 
~nmonia as N, mg/! 0.15 0.20 0.03 0.06 
Arsenic, mg/! (0.005 0.010 0.005 (0.010 
Bdrium, mg/! (0.1 0.2 (0.1 0.3 
Beryllium, mg/! (0.01 (0.01 (0.01 (0.01 
Cadmium, mg/l (0.001 0.013 (0.001 0.010 
Calcium, mg/! 35 61 24 43 
Chloride, mg/! 13 12 8 9 
Chromium, mg/! (0.005 0.018 (0.005 (0.005 

:i:.i ConduLtivity, 25°C, umhos/cm 300 440 210 450 I 
t--' Copper, mg/ 1 0.09 o.os o.os 0.19 OJ 

Cyanide, mg/! 
Hardness, mg/ 1 120 190 87 160 
Iron, mg/! 3.7 1.9 1.8 3.4 
Lead, mg/l (0.010 (0.010 (0.010 0.014 
Magnesium, mg/l 8.6 9.5 6.6 13 
Manganese, mg/! 0.09 0.13 0.10 0.16 
Menury, mg/l (0.0002 (0.0002 (0.0002 (0.0002 
Nickel, mg/ 1 (0.05 (0.05 (0.05 (0.05 
Phosphorous, mg/! 0.20 0.57 0.33 o.os 
Selenium, mg/l (0.002 (0.002 (0.002 (0.002 
Silica, mg/! 7.3 7.1 10.0 9.5 
Silver, mg/l (0.01 (0.01 (0.01 (0.01 
Solids, Dibsolved, mg/! 130 310 170 300 
Solids, Suspended, mg/! 32 20 58 18 
Sulfate, rug/! 25 130 so 140 
Zinc, mg/l 0.03 0.33 0.02 0.23 



Table A-6 

TVA PLANT C RIVER WATER INTAKE AND COMBINED ASH POND (WEST) DISCHARGE DATA 
(Quarterly Samples) 

Date 1/73 4/73 7/3/73 9/30/73 
River Pond River Pond River Pond River Pond 
IntaKe D1sc11arge Intake Discharl!e Intake Disct>arge. lr>take 'l'ibcharge 

Aluminum, mg/l NA 6.9 NA * NA 0.8 NA 1. 2 
Ammonia as N, mg/l NA 0.07 NA * NA 0.02 NA 0.02 
Arsenic, mg/l NA 0.008 NA * NA 0.010 NA 0.035 
Barium, mg/l NA (0.1 NA * NA <O.l NA <O.l 
Beryllium, mg/l NA <0.01 NA * NA <O.Ol NA (0.01 
Cadmium, mg/l NA <0.001 NA * NA <0.001 NA <0.001 
Calcium, mg/l NA 26 NA * NA 32 NA 40 
Chloride, mg/l NA 8 NA * NA 10 NA 14 

:x:ii Chromium, mg/l NA (0.005 NA * NA <-O. 005 NA 0.005 
I Conductivity, 25°C, umhos/cm NA 250 NA * NA 300 NA 380 ..... 

\0 Copper, mg/l NA <0.01 NA * NA 0.02 NA <0.01 
Cyanide, mg/l NA <0.01 NA * NA <0.01 NA <0.01 
Hardness, mg/l NA 92 NA * NA 130 NA 170 
Iron, mg/l NA 5.7 NA * NA 0.76 NA 0.97 
Lead, mg/l NA <0.010 NA * NA <0.010 NA <O. U lLl 
Magnesium, mg/l NA 6.6 NA * NA 12 NA 16 
Manganese, mg/l NA 0.15 NA * NA 0.09 NA 0.05 
Mercury, mg/l NA 0.0002 NA * NA <0.011 NA 0.0002 
Nickel, mg/l NA <0.05 NA * NA <0.05 NA <O. 0) 
Phosphorous, mg/l NA 0.57 NA * NA 0.21 NA 0.32 
Selenium, mg/l NA <0.004 NA * NA 0.004 NA <O. 00 l 
Silica, mg/l NA 6.9 NA * NA 1. 5 NA 2. 7 
Silver, mg/l NA <0.01 NA * NA <0.01 NA <O.Ul 
Solids, Dissolved, mg/l NA 170 NA * NA 180 NA 250 

Solidb, Suspended, mg/l NA 57 NA * NA 11 NA 24 
Sulfate, mg/l NA 70 NA * NA 35 NA 60 
Zinc, mg/l NA 0.16 NA * NA 0.04 NA 0.03 

NA = Not Available 
*Sample not colle~ted due to high water of Missisbippi River. 



Table A-6 (Continued) 

TVA PLANT C RIVER WATER INTAKE AND COMBINED ASH POND (WEST) DISCHARGE DATA 
(Quarterly Samples) 

Date 1/15/74 4/9/74 7 /16/74 10/8/74 
River Pond River Pond River Pond River Pond 
Intake Disdiarge Intake Discharge Intake Discharge Intake pisdiarge 

Aluminum, mg/ 1 1.4 6.6 3.7 2.4 4.9 1. 6 1.9 0.5 
Ammonia as N, mg/! 0.28 0.18 0.03 (0.02 0.12 0.11 0.29 0.10 
Arsenic, mg/! 0.010 0.010 (0.005 (0.005 (0.005 0.11 (0.005 (0.005 
Bdrium, mg/! 0.1 0.1 0.2 0.3 0.2 0.2 0.2 0.1 
Beryllium, mg/! (0.01 (0.01 (0.01 (0.01 (0.01 (0.001 (0.01 (0.01 
Cadmium, mg/! (0.001 (0.001 (0.001 (0.001 (0.001 0.002 (0.001 0.004 
Calcium, mg/! 15 19 70 26 28 27 38 89 
Chloride, mg/! 9 10 12 11 10 10 16 14 
Chromium, mg/! 0.041 0.014 <0.005 0.010 (0.005 (0.005 0.016 0.008 

::t>' Conductivity, 25°C, um hos/ t.m 170 230 310 320 300 270 l, 10 600 I 
N Copper, mg/! 0.22 (0.01 0.12 0.12 0.15 0.10 0.06 0.06 0 

Cyanide, mg/! 0.01 <0.01 (0.01 
Hardness, mg/! 65 73 110 100 110 100 150 280 
Iron, mg/! 14 7.8 3.7 2.8 6.1 2.0 2.4 0.72 
Lead, mg/l 0.032 0.033 0.02 (0.010 0.022 0.024 0.010 0.016 
Magnesium, mg/! 6.8 6.3 9.4 8.9 9.8 9.0 14 14 
Manganese, mg/l 0.34 0.20 - 0.12 0.07 0.38 0.11 0.53 - 0.34 
Mercury, mg/l (0.0002 0.0003 (0.0002 0.0041 0.0016 0.050 (0.0002 (0.0002 
Nickel, mg/ 1 0.05 <0.05 (0.05 (0.05 <0.05 <0.05 (0.05 (0.05 
Phosphorous, mg/! 0.49 0.30 0.28 0.13 0.29 0.06 0.02 
Selenium, mg/! 0.004 0.002 (0.002 (0.002 <0.002 (0.002 (0.002 (0.002 
Silica, mg/! 7.1 6.7 7.9 8.2 5.4 5.9 
Silver, mg/l (0.01 (0.01 (0.01 <0.01 (0.01 <0.01 (0.01 0.02 
Solids, Dibsolved, mg/! 170 180 160 170 200 240 390 
Solids, Suspended, mg/! 38 27 32 29 31 19 39 4 
Sul fate , mg/ 1 48 80 44 50 40 42 52 180 
Zinc, mg/! 0.13 0.15 0.08 0.14 0.03 0.11 0.06 0.11 



Table A-6 (Continued) 

TVA PLANT C RIVER WATER INTAKE AND COMBINED ASH POND (WEST) DISCHARGE DATA 
(Quarterly Sample&) 

Date 1/14/75 4/22/75 7/15/75 
River Pond River Pond River Pond River Pond 
Intake Discharge Intake Dischdrge Intake Discharge Intake 'Dbcharge 

Aluminum, mg/l 15.0 8.0 8.5 3.2 1. 3 2.3 Pond not in service. 
Ammonia as N, mg/l 0.33 0.22 0.03 o. 11 0.03 0.12 No &ample collected. 
Arsenic, mg/l <0.005 <0.005 <0.005 0.005 0.026 0.028 
Barium, mg/l 0.1 0.2 <O.l <O.l <O.l <O.l 
Beryllium, mg/l <0.01 (0.01 <0.01 <0.01 <O. 01 <0.01 
Cadmium, mg/l <0.001 0.001 0.002 <0.001 <0.001 0.010 
Calcium, mg/l 20 26 17 23 43 57 
Chloride, mg/l 9 9 7 8 11 11 

~ Chromium, mg/l <0.005 <0.005 0.013 0.011 0.009 0.024 
I Conductivity, 25°C, umhos/cm 20 260 200 320 360 610 f\J 

...... Copper, mg/l 0.03 0.02 0.13 0.04 0.10 0.18 
Cyanide, mg/l <0.01 
Hardness, mg/l 80 95 69 85 160 200 
Iron, mg/l 13 8.5 10 3.3 1. 4 24 
Lead, mg/l 0.028 0.030 0.047 <0.010 <0.010 0.015 
Magnesium, mg/l 7.4 7.2 6.5 6.7 12 13 
Manganese, mg/l 0.26 0.16 0.29 0.20 0.26 0.66 
Mercury, mg/l <0.0002 * (0.0002 <0.0002 <0.0002 <0.0002 
Nickel, mg/l <0.05 <0.05 <0.05 0.06 <O. 05 0.17 
Phosphorous, mg/l 0.27 0.20 0.23 0.08 0.10 0.01 
Selenium, mg/l <0.002 <0.002 (0.002 0.003 <0.002 0.003 
Silica, mg/l 5.6 5.7 5.8 8.6 5.6 14 
Silver, mg/l <0.01 <0.01 <O. 01 <0.01 <0.01 <0.01 
Solids, Dissolved, mg/l 200 190 190 200 220 420 
Solids, Suspended, mg/l 150 98 48 24 17 13 
Sulfate, mg/l 54 65 68 130 34 280 
Zinc, mg/l ,0.10 0.14 0.10 0.13 0.08 o. 43 

*Sample received broken. 



Table A-6 (Continued) 

TVA PLANT C RIVER WATER INTAKE AND COMBINED ASH POND (WEST) DISCHARGE DATA 
(Quarterly Samples) 

Date 1/8/76 
River Pond 
Intake Discharge 

Aluminum, mg/l 1.2 1.2 
Ammonia as N, mg/l 0.15 0.20 
Arsenic, mg/l <0.005 0.010 
Barium, mg/l <O.l 0.2 
Beryllium, mg/l <0.01 <0.01 
Cadmium, mg/l <0.001 0.013 
Calcium, mg/! 35 61 
Chloride, mg/! 13 12 

~ Chromium, mg/! <0.005 0.018 
I 

N Conductivity, 25°C, umhos/cm 300 440 
N Copper, mg/! 0.09 0.05 

Cyanide, mg/! 
Hardness, mg/! 120 190 
Iron, mg/! 3.7 1.9 
1.ead, mg/! <0.010 (0.010 
Magnesium, mg/! 8.6 9.5 
Manganese, mg/l 0.09 0.13 
Mercury, mg/! <0.0002 <0.0002 
Nickel, mg/! <0.05 <0.05 
Phosphorous, mg/! 0.20 0.07 
Selenium, mg/! <O. 002 <0.002 
Silica, mg/! 7.3 7.1 
Silver, mg/! (0.01 <0.01 
Solids, Dissolved, mg/! 130 310 
Solids, Suspended, mg/! 32 20 
Sulfate, mg/! 25 130 
Zinc, mg/! 0.03 0.33 



Table A-7 

TVA PLANT D RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 1/2/73 4/2/73 7 /2/73 10/1/73 
River Pond Ri!Jer Pond Rf"'°"" a .._ ..,....,. ... Pond River Pond 
Intake Discharge Intake Discharge Intake Discharge Intake 'Discharge 

Aluminum, mg/l NA 1.1 NA 1.3 NA 0.4 NA 2.6 
Ammonia as N, mg/l NA 0.15 NA 0.11 NA 0.01 NA 0.01 
Arsenic, mg/l NA 0.018 NA 0.025 NA 0.020 NA 0.050 
Barium, mg/l NA 0.2 NA 0.2 NA 0.2 NA o. 1 
Beryllium. mg/ 1 NA (0.01 NA (0.01 NA (0.01 NA (0.01 
Cadmium_, mg/I NA 0.001 NA (0.001 NA (0.001 NA (0.001 
Calcium, mg/l NA 37 NA 33 NA 28 NA 34 
Chloride_, mg/l NA 5 NA 4 NA 3 NA 3 

):>! Chromium, mg/l NA (0.005 NA (0.005 NA <0.005 NA 0.005 
I Conductivity, 25°C, umhos/cm NA 310 NA 280 NA 210 NA 250 

tv 
w Copper, mg/l NA (0.01 NA (0.01 NA 0.01 NA <0.01 

Cyanide, mg/l NA <0.01 NA (0.01 NA (0.01 NA (0.01 
Hardness, mg/l NA 130 NA 120 NA 100 NA 110 
Iron, mg/l NA 0.17 NA 0.27 NA 0.08 NA 0.39 
Lead, mg/l NA (0.010 NA <0.010 NA <0.010 NA <0.010 
Magnesium, mg/l NA 9.0 NA 8.4 NA 7.8 NA 8.9 
Manganese, mg/l NA 0.04 NA 0.05 NA 0.01 NA 0.02 
Mercury, mg/l NA 0.001 NA 0.0002 NA 0.0003 NA <0.0002 
Nickel, mg/l NA <0.05 NA <0.05 NA (0.05 NA o. 19 
Phobphorous, mg/l NA 0.07 NA 0.04 NA 0.06 NA 0.15 
Selenium, mg/l NA 0.140 NA )0.050 NA 0.050 NA 0.056 

Silica, mg/l NA 3.2 NA 3.8 NA 1.0 NA 5.0 

Silver, mg/l NA (0.01 NA (0.01 NA <0.01 NA <0.01 
Solids, Dissolved, mg/l NA 200 NA 100 NA 120 NA 170 

Solids, Suspended, mg/l NA 8 NA 14 NA 3 NA 33 

Sulfate, mg/l NA 84 NA 60 NA 35 NA 52 

Zinc, mg/l NA 0.01 NA 0.01 NA <0.01 NA 0.01 

NA = Not Available 



Table A-7 (Continued) 

TVA PLANT D RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA 
(Qudrterly Samples) 

Date 1/15/74 4/22/74 7 /16/74 10/7 /74 
River Pond River Pond River Pond River Pond 
Intake Discharge Intake Discharge Intake Discharge Intake Dis<..harge 

Al um in um, mg/ 1 0.9 0.3 0.2 2.9 0.4 0.6 0.4 1.8 
APlmonia as tJ, !!'g/! 0.01 O. lt.. <0.01 <0.01 0.01 0.06 o. 13 o.ot.. 
Arsenic, mg/l <0.005 0.010 <0.005 0.045 <0.005 0.025 <0.005 0.050 
Barium, mg/l 0.2 <O. l 0.2 0.3 0.2 0.2 0.1 0.2 
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Cadmium, mg/l <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001 <0.001 
Calcium, mg/l 27 26 28 30 26 31 31 34 
Chloride, mg/l 4 4 3 4 3 3 3 3 

:z:,i Chromium, mg/l <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.008 
I Conductivity, 25°C, umhos/cm 150 920 200 240 220 270 240 300 N 

.i::. Copper, mg/l 0.22 <0.01 0.03 0.04 0.02 <0.01 0.04 0.04 
Cyanide, mg/l <0.01 <0.01 <0.01 
Hardness~ mg/l 100 96 100 110 97 _ 110 110 120 
Iron, mg/l 1.00 0.14 0.41 0.55 0.57 0.15 0.33 0.28 
Lead, mg/l 0.016 <0.010 <0.010 <0.010 <0.010 0.020 <0.010 0.016 
Magnesium, mg/l 8.4 7.5 7.7 7.6 7.8 8.1 8.8 8.8 
Manganese, mg/l 0.10 0.05 0.03 0.02 0.05 <0.01 0.13 0.02 
Mercury, mg/l 0.0005 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Nickel, mg/ 1 0.27 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Phosphorous, mg/l <0.01 <O.Oi 0.02 0.02 0.01 0.01 0.08 
Selenium, mg/l 0.004 0.098 <0.002 <0.002 <0.002 0.110 <0.002 0.016 
Silica, mg/l 3.8 3.6 4.4 4.4 4.7 4.8 
Silver, mg/ 1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <O.OJ 
Solids, Dissolved, mg/l 130 160 120 150 120 130 180 
Solids, Suspended, mg/l 13 7 8 45 10 6 6 19 
Sul fate, mg/l 14 70 16 16 13 80 14 72 
Zinc, mg/l 0.07 <0.01 0.01 0.07 0.03 0.06 0.03 0.04 



Table A-7 (Continued) 

TVA PLANT D RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA 
(Quarterly Sdmple&) 

Date 1 /1':!./?r:;. 
.&/.&.J/l.J 4/7 /75 7 /14/75 i0/14/75 

River Pond River Pond River Pond River Pond 
Intdke Discharge Intake Discharge Intake Discharge Intake Oi&charge 

Aluminum, mg/! * 0.6 0.5 3.8 0.7 1.6 0.5 <0.2 
Ammonia as N, mg/! 0.06 0.04 0.04 0.04 0.02 0.02 0.07 0.04 
Arsenic, mg/ 1 <0.005 <0.005 (0.005 0.055 (0.005 0.100 <0.005 <0.005 
Barium, mg/! * 0.1 <Otl <O. l <O. l <O. l <O. l <O.l 
Beryllium, mg/! * <0.01 (0.01 <0.01 (0.01 <0.01 <0.01 <0.01 
Cadmium, mg/! * 0.001 <0.001 0.001 <0.001 0.001 <0.001 <0.001 
Calcium, mg/ 1 * 33 23 26 I 29 32 30 31 
Chloride, mg/! 3 3 3 3 2 2 * 3 
Chromium, mg/! * <0.005 <0.005 0.006 <0.005 <0.005 (0.005 (0.005 

~ Condu~tivity, 25°C, umhos1/cm 220 280 220 260 200 250 * 260 I 
N, Copper, mg/ 1 * 0.01 0.06 0.05 0.05 0.14 0.09 0.07 
U'1 Cyanide, mg/ 1 <0.01 

Hardness, mg/l * 120 87 96 100 110 110 120 
Iron, mg/! * 0.09 0.47 0.67 0.56 <0.05 0.25 0.33 
Lead, mg/! * 0.046 0.018 0.028 <0.010 <0.010 0.011 <0.010 
Magne&ium, mg/! * 8.3 7.2 7.5 7.1 8.2 9. 1 9.8 
Manganese, mg/l * 0.03 0.05 0.03 0.07 0.02 0.09 0.04 
Mercury, mg/! * <0.0002 (0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Nickel, mg/ 1 "' <0.05 (0.05 <0.05 (0.05 <0.05 (0.05 <0.05 
Phosphorous, mg/l 0.05 0.02 0.01 0.07 0.04 0.03 0.02 0.02 
Selenium, mg/l <0.002 0.130 (0.002 0.170 <0.002 0.010 (0.002 0.010 
Silica, mg/! 4.4 3.3 5.2 5.0 9.5 6.2 4.5 4.3 
Silver, mg/! * <0.01 (0.01 <0.01 (0.01 <0.01 (0.01 <0.01 
Solids, Dissolved, mg/! 140 170 130 160 110 150 * 160 
Solids, Suspended, mg/! 55 6 6 31 1 8 * 4 
Sul fate, mg/l 18 65 20 58 15 60 * 31 
Zinc, mg/! * 0.04 0.03 0.05 0.03 0.03 0.04 0.03 

*Bottle received broken. 



Table A-7 (Continued) 

TVA PLANT D RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 1/12/76 4/12/76 
River Pond River Pond 
Intake Discharge In lake Discharge 

Aluminum, mg/l 0.2 0.8 0.5 0.3 
Ammonia as N, mg/l 0.02 0.12 0.03 0.09 
Arsenic, mg/l (0. 005 0.025 (0.005 0.030 
Barium, mg/l (0.1 <O.l <O.l 0.5 
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 
Cadmium, mg/l <0.001 0.001 (0.001 (0.001 
Calcium, mg/l 32 50 34 55 
Chloride, mg/l 4 4 4 4 

::i:i Chromium, mg/l (0.005 0.012 (0.005 <0.005 
I 

N Conductivity, 25°C, umhos/cm 240 340 240 370 
°' Copper, mg/l <0.01 <0.01 0.01 0.03 

Cyanide, mg/l 
Hardness, mg/l 110 160 120 170 
Iron, mg/l 0.18 0.29 0.36 0.32 
Lead, mg/l <O. 0 l(} - (0.010- <0-.0-10- <0-.0-10 - - - --- --- - - -

Magnesium, mg/l 8.5 8.8 8.6 8.5 
Manganese, mg/l 0.04 0.08 0.07 0.02 
Mercury, mg/l <0.0002 <0.0002 <0.0002 <0.0002 
Nickel, mg/l <0.05 (0.05 <0.05 <0.05 
Phosphorous, mg/l 0.01 0.04 0.02 0.03 
Selenium, mg/l <0.002 0.026 <0.002 0.020 
Silica, mg/l 2.3 3.9 3.0 3.2 
Silver, mg/l <0.01 <0.01 <0.01 <0.01 
Solids, Dissolved, mg/l 130 220 110 230 
Solids, Suspended, mg/l 4 10 1 3 
Sulfate, mg/l 19 89 11 120 
Zinc, mg/l 0.02 <0.01 0.05 0.01 



Table A-8 

TVA PLANT E RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 1/4/73 4/2/73 7 /3/73 10/1/73 
Rivei Pond River Pond River Pond River Pond 
Intake Discharge Intake Discharge Jn take Dis<..harge Intake Dibcharge 

Aluminum, mg/l NA 1. 5 NA 11 NA 2.9 NA 3.4 
Ammonia as N, mg/l NA 0.07 NA 0.08 NA 0.07 NA U.2J 
Arsenic, mg/ 1 NA 0.005 NA 0.010 NA 0.010 NA 0.005 
Barium, mg/l NA 0.1 NA 0.4 NA 0.2 NA 0.4 
Beryllium, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01 
Cadmium, mg/l NA <0.001 NA 0.002 NA (0.001 NA <0.001 
Calcium, mg/l NA 230 NA 340 NA 210 NA 300 
Chloride, mg/l NA 8 NA 6 NA 5 NA 8 
Chromium, mg/l NA 0.015 NA 0.026 NA 0.027 NA 0.020 

> Conductivity, 25°C, umhos/cm NA 1,200 NA 1,400 NA 950 NA 1,600 I 
l\J Copper, mg/ 1 NA <0.01 NA <0.01 NA 0.01 NA 0.20 
-..J 

Cyanide, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01 
Hardness, mg/l NA 580 NA 850 NA 530 NA 800 
Iron, mg/l NA 0.17 NA 3.6 NA 0.29 NA 0.20 
Lead, mg/l NA <0.010 NA <O. 010 NA <0.010 NA (0.010 
Magnesium, mg/l NA 0.6 NA 0.9 NA 0.5 NA 11 
Manganese, mg/l NA <0.01 NA 0.06 NA <0.01 NA <0.01 
Mercury, mg/l NA 0.0002 NA 0.0002 NA <0.0002 NA <0.0002 
Nickel, mg/l NA <0.05 NA <0.05 NA <0.05 NA <0.05 
Phosphoroub, mg/l NA 0.06 NA 0.03 NA 0.04 NA <O.O.l 
Selenium, mg/l NA 0.008 NA 0.024 NA 0.010 NA 0.016 
Silica , mg/ 1 NA 5.0 NA 5.0 NA 6.2 NA 5.7 
Silver, mg/I NA <0.01 NA <0.01 NA (0.01 NA (0.01 
Solids, Dissolved, mg/l NA 540 NA 680 NA 420 NA 680 
Solids, Suspended, mg/l NA 6 NA 150 NA 6 NA 8 
Sulfate, mg/l NA 180 NA 230 NA 22 NA 220 
Zinc, mg/l NA 0.01 NA 0.11 NA 0.02 NA 0.01 

NA = Not Available 



Tahle A-8 (Continued) 

TVA PLANT E RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 1/15/74 4/9/74 7 /16/74 10/16/74 
River Pond River Pond River Pond River Pond 
Intake Dischaq~e Intake Discharge Intake Discharge Intake 'Discharge 

Aluminum, mg/! 2.7 2.0 3.2 4.5 0.6 1.3 0.5 2.1 
Ammonia as N, mg/l 0.06 0.06 0.06 0.06 0.07 0.05 0.03 
Arsenic, mg/! 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.005 <0.005 
Barium, mg/! 0.2 <O. l <O. l 0.4 0.2 0.3 <O.l 0.3 
Beryll!ul!l, mg/ l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 (0.01 (0.01 
Cadmium, mg/! <0.001 <0.001 <0.001 <0.001 <0.001 0.003 0.001 <0.001 
Calcium, mg/! 17 160 19 200 17 64 20 98 
Chloride, mg/! 5 5 5 6 6 4 9 9 

~ Chromium, mg/! 0.02 0.011 <0.005 0.039 <0.005 0.017 
I Conductivity, 25°C, umhos/cm 130 270 160 1,500 160 660 180 670 N 

00 Copper, mg/l 0.13 <0.01 0.11 0.10 0.06 0.07 0.12 o. 10 
Cyanide, mg/! <0.01 <0.01 <0.01 
Hardness, mg/! 57 400 61 500 58 160 68 250 
Iron, mg/! 2.40 0.16 o. 94 o. 95 0.18 0.20 
Lead, mg/! 0.016 0.008 <0.01 <0.010 0.024 0.068 0.010 0.012 

__ MagnesiumJ mg/! 3.6 0.2 3.4 0.3 3.9 1.1 4.5 0.3 
Manganese, mg/! 0.1 <O.l 0.24 0.02 0.05 <0.01 0.07 0.02 
Mercury, mg/! <0.0002 <0.0002 <0.0002 <0.0002 0.0006 0.0003 <0.0002 
Nickel, mg/! <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Phosphorous, mg/! 0.08 <0.01 0.08 0.02 0.05 0.09 0.01 
Selenium, mg/! <0.001 0.020 <0.002 0.011 <0.002 <0.002 
Silica, mg/! 5.2 5.6 4.4 5.0 5.8 6.9 
Silver, mg/! <0.01 <0.01 (0.0l <0.01 <0.01 <0.01 <0.01 <0.01 
Solids, Dissolved, mg/! 80 310 90 580 110 260 
Solids, Suspended, mg/! 9 10 27 37 4 23 2 5 
Sulfate, mg/! 15 150 20 170 12 70 
Zinc, mg/! 0.08 <0.01 0.08 0.08 0.07 0.07 0.05 0.06 



Table A-8 (Continued) 

TVA PLANT E RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 1/14/75 4/7 /75 7/14/75 10/14/75 
River Pond River Po Pd River 0-""...1 

.L Vll\.l River - Pond 
IntaKe Discharge Intake Discharge Intake Discharge Intake 'Discharge 

Aluminum, mg/l 4.3 1.1 3.6 3.0 1.7 2.9 1.9 2.4 
Ammonia as N, mg/l 0.07 0.05 0.07 0.09 0.04 0.04 0.10 0.05 
Arsenic, mg/l <0.005 <0.005 <O. 005 <0.005 <0.005 0.010 <0.005 0.130 
Barium, mg/l <O.l <O.l 0.2 0.3 0.2 <O.l <O.l <O. l 
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <O.O l <O. 01 <O.Ol 
Cadmium, mg/l <0.001 <0.001 0.002 0.002 <0.001 <0.001 <0.001 <0.001 
Calcium, mg/l 18 68 14 170 20 140 16 130 
Chloride, mg/l 6 7 4 5 5 5 6 8 

::i::i 
Chromium, mg/l <0.005 0.020 <0.005 0.020 <O. 005 0.021 <0.005 <0.005 

I Conductivity, 25°C, umhos/cm 160 420 140 690 160 840 150 680 
N Copper, mg/l 0.02 0.02 0.03 0.02 0.08 0.19 0.01 0.11 l.O 

Cyanide, mg/l <0.01 
Hardness, mg/l 51 170 48 430 67 350 54 330 
Iron, mg/l 1. 6 0.07 1. 2 0.05 0.57 0.39 0.45 0.28 
Lead, mg/l 0.028 0.022 <O. 010 0.015 <0.010 <0.010 0.010 <0.010 
Magnesium, mg/l J.O 0.3 3.1 0.4 4. l 0.1 3.4 0.3 
Manganese, mg/l 0.06 <0.01 0.04 <O. 01 0.07 <0.01 0.04 0.02 
Mercury, mg/l <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Nickel, mg/l <0.05 <0.05 <0.05 <0.05 <0.05 <0.0.) <0.05 <O. 05 
Phosphorous, mg/l 0.09 0.01 0.06 0.01 0.07 <0.01 0.09 0.01 
Selenium, mg/l <0.002 <0.002 <O. 002 0.014 <0.002 0.008 <0.001 0.010 
Silica, mg/l 4.7 5.9 5.0 6.9 4.6 8.4 4.5 7.6 
Silver, mg/l <0.01 <0.01 <O. 01 <0.01 <O. 01 <0.01 <0.01 <O. 01 
Solids, Dissolved, mg/l 100 240 80 350 90 420 100 420 
Solids, Suspended, mg/l 38 3 8 6 11 5 16 3 
Sulfate, mg/l 25 100 20 170 19 130 15 130 
Zinc, mg/l 0.04 0.03 0.18 0.07 0.04 0.03 0.07 0.04 



Table A-8 (Continued) 

TVA PLANT E RIVER WATER INTAKE AND COMBINED ASll POND DISCHARGE DATA 
(Quarterly Samples) 

Date 1/19/76 4/12/76 
River Pond River Pond 
Intake Discharge Intake Discharge 

Aluminum, mg/! 2.1 1. 5 1. 4 1.0 
Ammonia as N, mg/l 0.13 0.09 0.10 0.84 
Arsenic, mg/l <0.005 <0.010 <0.005 0.010 
Barium, mg/l <O.l 0.3 <O.l <O.l 
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 
Cadmium, mg/! <0.001 <0.001 <0.001 <0.010 
Calcium, mg/! 22 140 26 110 
Chloride, mg/l 7 6 6 6 

):I Chromium, mg/! <0.005 0.013 <0.005 0.007 
I Conductivity, 25°C, umhos/cm 150 650 180 600 

w 
Copper, mg/l <0.01 <0.01 0.02 0.02 0 

Cyanide, mg/! 
Hardness, mg/! 69 350 79 280 
Iron, mg/! 0.45 0.18 0.40 0.17 
Lead, mg/! <0.010 <0.010 (0.010 (0.010 - ---- -

Magnesium, mg/! 3.5 0.3 3.5 0.1 
Manganese, mg/! 0.04 <0.01 0.04 0.02 
Mercury, mg/! <0.0002 (0.0002 <0.0002 0.0003 
Nickel, mg/! <0.05 (0.05 <0.05 <0.05 
Phosphorous, mg/! 0.08 0.02 0.06 0.01 
Selenium, mg/! <0.002 <0.002 <0.002 0.005 
Silica, mg/! 4.9 7.3 3.7 7.0 
Silver, mg/! <0.01 <0.01 <O. 01 <0.01 
Solids, Dissolved, mg/! 100 280 90 280 
Solids, Suspended, mg/! 14 18 10 2 
Sulfate, mg/! 14 83 19 93 
Zinc, mg/l <0.01 <0.01 <0.01 0.09 



Table A-9 

TVA PLANT F RIVER WATER INTAKE AND COMB !NED ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 1/1/73 3/28/73 7 /13/73 10/ 16/73 
River Pond River Pond River Pond River Pond 
Intake Discharge Iritake Dischaq;e Intake Discharge intake 'Dist.barge 

Aluminum, mg/l NA 1.0 NA 2.2 NA 1.8 NA 2.5 
Ammonia as N, mg/l NA 0.06 NA 0.03 NA 0.06 NA 0.12 
Arsenic, mg/l NA <0.005 NA 0.005 NA <0.005 NA <0.005 
Barium, mg/l NA (0.1 NA (0.1 NA <O. l NA 0.3 
Beryllium, mg/l NA <0.01 NA <0.01 NA (0.01 NA <0.01 
Cadmium, mg/l NA <0.001 NA <0.001 NA <0.001 NA <0.001 
Calcium, mg/ 1 NA 100 NA 74 NA 140 NA 140 
Chloride, mg/l NA 5 NA 5 NA 4 NA 6 

::t:" 
Chromium, mg/l NA 0.030 NA 0.012 NA 0.059 NA 0.040 

I Conductivity, 25°C, umhos/cm NA 410 NA 350 NA 650 NA 700 
w Copper, mg/ 1 NA <0.01 NA <0.01 NA <0.01 NA 0.02 I-' 

Cyanide, mg/l NA <0.01 NA (0.01 NA <0.01 NA <0.01 
Hardness, mg/ 1 NA 260 NA 200 NA 350 NA 380 
Iron, mg/l NA 0.19 NA 1.1 NA <0.05 NA <0.05 
Lead, mg/l NA <0.010 NA <0.010 NA <0.010 NA <0.010 
Magnesium, mg/l NA 3.1 NA 2.7 NA 0.3 NA 7.2 
Manganese, mg/l NA <0.01 NA 0.04 NA <0.01 NA <0.01 
Meri.. .. ury, mg/l NA 0.0009 NA <0.0002 NA 0.0003 NA 0.0003 
Nickel, mg/ 1 NA <0.05 NA <0.05 NA <0.05 NA <0.05 
Phosphorous, mg/l NA 0.14 NA 0.24 NA 0.03 NA 0.03 
Selenium, mg/l NA 0.024 NA 0.009 NA 0.016 NA 0.010 
Silica, mg/I NA 4.8 NA 4.2 NA 5.9 NA 7.6 
Silver, mg/I NA <0.01 NA <0.01 NA <0.01 NA (0.01 
Solids, Dissolved, mg/l NA 320 NA 230 NA 390 NA 380 
Solids, Suspended, mg/l NA 1 NA 20 NA 2 NA 2 
Sulfate, mg/l NA 140 NA 120 NA 180 NA 230 
Zinc, mg/l NA 0.03 NA 0.01 NA <0.01 NA ((). 01 

NA = Not Available 



Table A-9 (Continued) 

TVA PLANT F RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 2/27 /74 1/28/74 4/16/74 7/15/74 10/22/74 
River Pond River Pond River Pond River Pond 
Intake Discharg~ Intake Discharge Intake Discharge Intake 'Dischdrge 

Aluminum, mg/l 3.6 0.8 1.3 1.4 NA 3.1 <O.l 3.0 
Ammonia as N, mg/! 0.03 0.38 0.03 0.26 NA 0.10 0.26 0.17 
Arsenic, mg/ 1 <0.005 <0.005 <0.005 <0.005 NA <0.005 <0.006 <0.005 
Barium, mg/1 <0.10 <O.l 0.2 0.5 NA 0.1 <O.l 0.4 
Beryllium, mg/ 1 <0.01 <0.01 <0.01 <0.91 NA <0.01 <0.01 <0.01 
Cadmium, mg/1 <0.001 <0.001 <0.001 <0.001 NA 0.002 <0.001 <0.001 
Calcium, mg/l 26 80 23 98 NA 130 35 160 
Chloride, mg/l 4 4 3 5 NA 4 4 5 
Chromium, mg/ 1 <0.005 0.050 0.012 0.040 NA 0.044 <0.005 0.072 

:i:i Conductivity, 25°C, umhos/cm 170 480 150 500 NA 1,100 250 780 I 
w Copper, mg/l <0.01 0.04 0.01 0.04 NA <0.01 0.02 0.01 
~ 

Cyanide, mg/l <0.01 <0.01 NA <0.01 
Hardness, mg/l 81 200 75 250 NA 330 lOOq 400 
Iron, mg/l 1.1 0.11 1.4 0.13 NA <0.05 0.36 0.23 

_Lead, m_g/l <0.010 <0.010 0.032 <0.010 NA 0.040 <0.010 <0.010 
Magnesium, mg/l 4.0 1.2 4.3 0.7 NA 0.2 4.2 0.2 
Manganese, mg/l 0.06 <0.01 0.08 <0.01 NA <0.01 0.03 <0.01 
Mercury, mg/l 0.0033 <0.0002 <0.0002 <0.0002* NA 0.3 <0.0002 <0.0002 
Nickel, mg/l <0.05 <0.05 <0.05 <0.05 NA <0.05 <0.05 <0.05 
Phosphorous, mg/l 0.10 0.03 0.11 0.02 NA <0.01 0.15 <0.01 
Selenium, mg/l <0.002 0.012 <0.002 0.018 NA 0.028 <0.002 0.012 
Sil i<..a, mg/l 5.4 6.0 ". 9 6.8 NA 4.5 7.6 
Silver, mg/l <0.01 <0.01 <0.01 <0.01 NA <0.01 <0.01 <0.01 
Solids, Dissolved, mg/l 90 280 110 350 NA 540 150 450 
Solids, Sus~ended, mg/l 26 <l 28 2 NA 2 6 (1 
Sulfate, mg/l 20 120 19 14 NA 200 19 240 
Zinc, mg/l 0.18 0.08 0.22 0.06 NA 0.03 0.13 0.06 

NA = Not Avdilable 
*Collected 4/22/74. 



Table A-9 (Continued) 

TVA PLANT 1'' RIVER WATER INTAKE AND COMBIN~D ASH POND DISCHARGE DATA 
(Quarterly Samplei,) 

Date 1 /20/75 4/7/75 7/15/75 10/14/75 
River Pond River Pond River Pond River Pond 
Intake Dis<.harge Intake Discharge Intake Discharge Intake 'Dis<.harge 

Aluminum, mg/l 1. 3 1.5 2.3 0.9 1.0 1.0 <0.2 1.4 
Ammonia as N, mg/l O.OJ 0.30 0.05 0.42 0.07 0.03 0.10 0.06 
Arsenic, mg/ 1 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.040 
Barium, mg/l <O. l 0.2 <O. l <O. l <O.l <O. l <O. l <O.l 
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Cadmium, mg/l 0.002 <0.001 0.001 0.001 <0.001 <0.001 0.001 <0.001 
Calcium, mg/ 1 28 85 19 100 31 67 30 110 
Chloride, mg/l 4 5 3 5 4 4 4 6 

~ Chromium, mg/l <0.005 <0.005 0.005 0.020 <0.005 0.020 <0.005 <0.005 
I Condu<.tivity, 25°C, umhos/cm 220 780 150 400 190 460 210 660 w 

w Copper, mg/l 0.05 0.08 0.04 0.06 0.08 0.07 0.05 0.04 
Cyanide, mg/l <0.01 
Hardness, mg/ 1 86 210 62 260 96 170 95 280 
Iron, mg/l 1.1 0.10 2.1 0.37 0.97 0.12 0.29 0.10 
Lead, mg/l 0.052 <0.010 0.010 0.015 <0.010 <0.010 (0. 010 0.010 
Magnesium, mg/l 3.8 0.3 3.5 1. 6 4.4 0.7 4.9 0.6 
Mangdnese, mg/l 0.07 <0.01 o. 11 0.01 0.07 0.01 0.07 O.Ol 
Mercury, mg/l <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Nickel, mg/ 1 <0.05 <0.05 <0.05 <0.05 <0.0) <0.05 <0.05 <0.05 
Phosphorous, mg/l 0.11 <0.01 0.10 0.03 0.17 0.02 0.16 0.02 
Selenium, mg/l <0.002 0.010 <0.002 0.008 <0.002 0.010 <0.001 0.006 
Sili<.a, mg/l 4.1 5.8 4.8 3.9 4.4 6.6 3.5 6.5 
Silver, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <O.Ol 
Solids, Dissolved, mg/l 140 450 130 300 110 270 170 430 
Solids, Suspended, mg/l 35 3 42 l l 27 4 15 4 
Sulfate, mg/l 18 260 22 140 23 120 12 160 
Zinc, mg/l 0.06 0.07 0.06 0.04 0.13 0.14 0.03 0.02 



Table A-9 (Continued) 

TVA PLANT F RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA 
(Qudrterly Samples) 

Date 1/ 13/76 4/13/76 
River Pond River Pond 
Intake Discharge Intake Discharge 

Aluminum, mg/l 0.6 1.9 1.3 1.0 
Ammonia as N, mg/l 0.07 0.27 0.03 0.11 
Arsenic, mg/l <0.005 <0.005 <0.005 <O. 005 
Barium, mg/! <O.l 0.2 <O.l <0.1 
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 
Cadmium, mg/l <0.001 0.001 <0.001 <0.001 
Calcium, mg/l 35 130 29 110 
Chloride, mg/l 4 6 4 4 

~ Chromium, mg/l <0.005 0.058 <0.005 0.022 
I Conductivity, 25°C, umhos/cm 220 580 180 550 w 

""' Copper, mg/l <0.01 0.02 0.01 0.02 
Cyanide, mg/l 
Hardness, mg/l 100 330 91 280 
Iron, mg/l 0.73 0.31 1. 6 0.24 
Lead, mg/l <0 .. 010 <~.010 <0.010 <0.010 
Mclgnesium, mg/l 3.5 0.6 4.4 1. 0 
Manganese, mg/l 0.06 <0.01 0.08 0.01 
Mercury, mg/l <0.0002 <0.0002 <0.0002 <0.0002 
Nickel, mg/l <0.05 <0.05 <0.05 <0.05 
Phosphoroui., mg/l 0.09 0.02 0.10 <0.01 
Selenium, mg/l <0.004 <0.004 <0.002 0.005 
Silica, mg/l 4.6 4.9 4.9 5.6 
Silver, mg/l <0.01 <0.01 <0.01 <0.01 
Solids, Dissolved, mg/l 120 390 110 380 
Solids, Suspended, mg/l 21 53 18 1 
Sulfate, mg/l 17 220 13 170 
Zinc, mg/l 0.02 0.06 0.16 <0.01 



Table A-10 

TVA PLANT G RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA 
(Quarterly Sdmples) 

Date 1/4/73* 4/2/73* 7 /2/73 10/1/73 
River Pond River Pond River Pond River Pond 
Intake Discharge Intake Discharge Intake Dischdrge Intdke Dft.Lhdrge 

Aluminum, mg/l NA I I NA 2.4 NA 2.9 NA 2.6 ~. ~ 

Ammonia as N, mg/l NA 0.38 NA 0.04 NA 0.10 NA 0.01 
Arsenic, mg/l NA 0.004 NA <0.005 NA 0.010 NA 0.070 
Barium, mg/l NA 0.4 NA <O.l NA 0.1 NA <O.l 
Beryllium, mg/I NA (0.01 NA <0.01 NA <0.01 NA <0.01 
Cadmium, mg/l NA 0.005 NA <0.001 NA <0.001 NA <0.001 
Caldwn, mg/ 1 NA 240 NA 25 NA 110 NA 72 
Chloride, mg/l NA 8 NA 4 NA 4 NA 4 
Chromium, mg/l NA <0.005 NA <0.005 NA 0.023 NA 0.009 
Conductivity, 25°C, umhos/cm NA 1,000 NA 180 NA 390 NA 360 

~ Copper, mg/l NA 0.04 NA 0.04 NA <0.01 NA <O.Ol 
I Cydnide, mg/l NA <0.01 NA <0.01 NA 0.02 NA <0.01 1 w 

U1 Hardness, mg/l NA 660 NA 81 NA 280 NA 190 
lron 11 mg/l NA 72 NA 4.6 NA 0.42 NA 0.30 
Lead, mg/l NA <0.010 NA <0.010 NA <0.010 NA <0.010 
Magnesium, mg/l NA 14 NA 4.6 NA 1.1 NA 1. 9 
Manganese, mg/l NA 1.6 NA 0.23 NA 0.03 NA 0.02 
Mercury, mg/l NA 0.001 NA NA <0.0002 NA 
Nickel, mg/l NA 0.14 NA <0.05 NA <0.05 NA (0.05 
Phosphorous, mg/l NA 0.03 NA 0.03 NA 0.12 NA 0.21 
Selenium, mg/l NA 0.008 NA NA 0.015 NA <0.001 
SiliLa, mg/ 1 NA 11 NA 4.9 NA 5.1 NA 5.7 
Silver, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01 
Solids, Dissolved, mg/l NA 1, 100 NA 160 NA 300 NA 270 
Solids, Suspended, mg/l NA 14 NA 37 NA 8 NA 17 
Sulfate, mg/ 1 NA 980 NA 55 NA 140 NA 88 . 
Zinc, mg/l NA 0.59 NA 0.02 NA 0.02 NA 0.01 

NA = Not Available 
*Old ash pond containing coal pile drainage only. Sampling of old pond d1sLontinued after April 2, 1973 somple. 
Quarterly samples beginning July 2, 1973 are of new ash pond. 



Table A-10 (Continued) 

TVA PLANT G RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 1/14/74 4/15/74 7 /15/74 10/21/74 
River Pond River Pond River Pond River Pond 
Intake Dibt.harge Intake Discharge Intake Disc.harge Intake Discharge 

Aluminum, mg/! 4.1 1.4 0.8 1.7 0.4 0.5 0.1 0.4 
Ammonia as N, mg/! 0.03 0.01 0.02 0.10 0.08 0.01 0.03 0.01 
Arsenic, mg/1 <0.005 <0.005 <0.005 <0.030 <0.005 0.055 <0.005 0.030 
Bar!url', rng/l 0.1 <O. 1 0.1 0.1 0.1 0.2 /{'\ 1 0.3 ,v. J. 

Beryllium, mg/! <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Cadmium, mg/1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Calcium, mg/! 21 78 17 80 18 73 24 110 
Chloride, mg/ 1 3 3 5 8 3 3 4 2 

~ Chromium, mg/! 0.010 0.010 0.023 <0.005 0.010 <0.005 0.006 
I Conductivity, 25°C, umhos/cm 140 320 140 420 150 420 190 460 w 

O'I Copper, mg/ 1 0.16 <0.01 0.08 0.06 <0.01 0.09 0.02 <0.01 
Cyanide, mg/! <0.01 <0.01 <0.01 
Hardness, mg/ 1 69 210 60 210 61 190 78 280 
Iron, mg/! 4.6 0.26 0.99 0.41 0.54 0.40 0.55 0.27 
Lead. mg/! 0.04 <0 .. 010 0 .. 016 <0.010 0 .. 020- 0.022 <0.010 <0.010 
Magnesium, mg/1 4.0 2.7 4.3 2.9 4.0 2.1 4.4 2.3 
Manganese, mg/! 0.23 0.01 0.05 <0.01 0.01 0.01 0.08 0.03 
Merc.ury, mg/! <0.0002 0.014 <0.0002 <0.0002 0.0031 0.0026 0.0013 <0.002 
Nickel, mg/ 1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Phosphorous, mg/! 0.12 0.05 0.08 0.05 0.03 0.07 0.09 
Selenium, mg/! 0.004 0.018 <0.002 0.008 <0.002 0.006 <0.002 0.010 
Silica, mg/l 5.0 4.2 5.4 5.1 4.6 3.9 
Silver, mg/! <0.01 - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Solids, Dissolved, mg/! 100 270 90 290 90 310 110 320 
Solids, Suspended, mg/! 67 13 20 20 5 14 6 8 
Sulfate, mg/! 13 120 18 180 20 190 18 160 
Zinc, mg/l 0.08 <0.01 0.11 0.06 0.03 0.03 0.10 0.07 



Table A-10 (Continued) 

TVA PLANT G RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 1/13/75 4/9/7 5 7/14/75 10/8/75 
River Pond River Pond River Po Pd River Pond 
In[aKe D1sc..narge Intake Disc..harge Intake Discharge Intdke Pibc..hdq~e 

Aluminum, mg/l 0.7 1.3 2.8 1.9 0.8 1. 8 <0.2 1.3 
Ammonia as N, mg/l 0.01 0.04 0.02 0.08 0.06 <0.01 0.06 0.62 
Arsenic, mg/l <0.005 0.025 <0.005 0.016 <0.005 0.040 0.005 0.075 
Barium, mg/l <O. l 0.2 0.1 0.2 <O.l <O. l <O. l <O. l 
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Cadmium, mg/l <0.001 <0.001 0.001 0.001 <0.001 <0.001 <0.001 <0.001 
Calcium, mg/l 25 47 13 38 19 48 24 75 
Chloride, mg/l 4 3 3 3 3 4 3 4 
Chromium, mg/l <0.005 0.020 <0.005 0.009 <0.005 <0.005 <0.005 <0.005 

:i:.i Conductivity, 25°C, umhos/cm 190 330 120 320 150 290 150 380 
I 

w Copper, mg/ 1 0.02 0.02 0.07 0.06 0.08 0.11 0.10 0.12 
'1 Cyanide, mg/l <0.01 

Hardnes~, mg/ 1 81 130 46 110 62 130 76 200 
Iron, mg/l 0.91 o. 61 2.3 o. 72 0.33 1.4 0.45 0.52 
Lead, mg/l 0.036 0.036 0.011 0.013 <0.010 <0.010 0.010 <0.010 
Magnesium, mg/l 4.6 3.1 3.4 2.5 3.5 2.3 3.8 3. l 
Manganese, mg/l 0.09 0.04 0.09 0.02 0.08 0.04 0.08 0.02 
Mercury, mg/l <0.0002 <0.0002 0.0320 0.0037 <0.0002 <0.0002 <0.0002 <0.0002 
Nie kel, mg/ 1 <0.05 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Phosphorous, mg/l 0.07 0.10 0.09 0.07 0.08 0.14 o. 16 0.09 
Selenium, mg/l <0.002 <0.002 <0.002 0.013 <0.002 0.006 <0.001 0.019 
Silica, mg/l 4.8 3.4 3.5 4.9 4.0 7.1 3.5 4.3 
Silver, mg/ 1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Solids, Dissolved, mg/l 110 220 70 200 480 190 100 290 
Solids, Su&pended, mg/l 19 18 14 45 6 24 5 27 
Sulfate, mg/l 17 100 23 130 22 96 <l 620 
Zinc, mg/ 1 0.05 0.08 0.13 0.10 0.11 0.10 0.08 0.05 



Table A-10 (Continued) 

.. 
TVA PLANT G RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA 

(Quarterly Sdmples) 

Date 1/7/76 4/12/76 
River Pond River Pond 
Intake Discharge Intake Discharge 

Aluminum, mg/l 0.7 2.0 1.1 1.4 
Ammonia as N, mg/l 0.02 0.12 0.02 0.02 
Arsenic, mg/l (0. 005 0.070 <0.005 0.078 
Barium, mg/l (0.1 (0.1 (0.1 <O.l 
Beryllium, mg/l (0.01 (0.01 (0.01 (0.01 
Cadmium, mg/l (0.001 (0.001 (0.001 (0.001 
Calcium, mg/l 28 100 24 42 
Chloride, mg/l 5 4 4 4 

::t>i Chromium, mg/l (0.005 0.020 (0.005 (0.005 
I Conductivity, 25°C, umhos/cm 160 370 160 270 w 

CX) Copper, mg/l 0.02 0.01 0.01 0.02 
Cyanide, mg/l 
Hardness, mg/l 88 260 77 120 
Iron, mg/l 0.78 0.08 1.5 0.56 
Lead, mg/l (0.010 (0.010 (0.010 <0.010 

- - - -- - ~agnesium, mg/l 4.5 3.4 4.2 2.6 
Manganese, mg/l 0.07 0.03 0.10 0.02 
Mercury, mg/l (0.0002 (0.0002 (0.0002 0.0006 
Nickel, mg/l (0.05 (0.05 <0.05 (0.05 
Phosphorous, mg/l 0.12 0.08 0.07 0.06 
Selenium, mg/l <0.002 0.016 <0.002 0.046 
Silica, mg/l 4.5 ". 2 "-. 8 " "' JOU 

Silver, mg/l (0.01 (0.01 (0.01 (0.01 
Solids, Dissolved, mg/l 110 270 90 160 
Solids, Suspended, mg/l 9 41 13 17 
Sulfate, mg/l 18 120 21 82 
Zinc, mg/l (0.01 0.01 <0.01 0.04 



Table A-11 

TVA PLANT H RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA 
(Qudrterly Samples) 

Date 1/2/73 4/2/73 7 /2/73 10/2/73 
River Pond River Pond River Pond River Ponct 
Intake Dischdrge Intake Dis<-harge Intake Discharge Intdke Discharge 

Aluminum, mg/l NA 1.2 NA 2.9 NA 1. 9 NA 2.5 
Ammonia as N, mg/l NA 0.48 NA 0.16 NA 0.03 NA 0.06 
Arsenic, mg/l NA 0.076 NA 0.070 NA 0.180 NA o. 140 
Barium, mg/l NA 0.1 NA 0.2 NA 0.1 NA 0.1 
Beryllium, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01 
Cadmium, mg/l NA <0.001 NA <0.001 NA <0.001 NA <0.001 
Calcium, mg/l NA 39 NA 46 NA 49 NA 67 
Chloride, mg/l NA 12 NA 15 NA 20 NA 22 

~ 
Chromium, mg/l NA <0.005 NA <0.005 NA <0.005 NA 0.008 

I Conductivity, 25°C, umhos/cm NA 330 NA 350 NA 380 NA 460 
w Copper 1 mg/ 1 NA <0.01 NA 0.05 NA <0.01 NA <O. 01 l.O 

Cyanide, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01 
Hardness, mg/l NA 130 NA 150 NA 150 NA 200 
Iron, mg/l NA 0.48 NA l. 4 NA 0.24 NA 0.51 
Lead, mg/l NA <0.010 NA <0.010 NA <0.010 NA <0.010 
Magnesium, mg/l NA 8.1 NA 7.8 NA 7.6 NA 8.8 
Manganese, mg/l NA 0.07 NA 0.07 NA 0.02 NA 0.03 
Mer<-ury, mg/l NA 0.0007 NA 0.0016 NA <0.0002 NA <0.0002 
Nie kel 1 mg/ 1 NA <0.05 NA <0.05 NA <0.05 NA <0.05 
Phosphorous, mg/l NA 0.40 NA 0.21 NA 0.62 NA 0.61 
Selenium, mg/l NA <0.004 NA NA 0.014 NA 0.024 
Sil it..a 1 mg/ 1 NA 5.6 NA 5.2 NA 2.7 NA 3.6 
Silver, mg/l NA <0.01 NA <0.01 NA <0.01 NA <O.Ol 
Solids, Dissolved, mg/l NA 200 NA 240 NA 240 NA 300 
Solids, Suspended, mg/l NA 5 NA 19 NA 8 NA 7 
Sulfate, mg/l NA 85 NA 45 NA 65 NA 120 
Zinc, mg/ 1 NA 0.01 NA <0.01 NA 0.01 NA 0.02 

NA = Not Available 



Table A-11 (Continued) 

TVA PLANT H RIVER WATER INTAKE AND COMBINlm ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 1/14/74 4/9/74 7 /15/74 12/4/74 
River Pond River Pond River Pond River Pond 
Intake Dischaq~e Intake Discharge Intake Discharge Intake ~isc..har~e 

Aluminum, mg/l 1.2 1.4 1.1 1.1 0.6 1.2 <0.2 0.8 
Anunonia as N, mg/l 0.11 0.16 0.24 0.03 0.06 0.04 0.15 2.6 
Arsenic, mg/ 1 0.01 0.055 <0.005 0.035 <0.005 0.140 <0.005 0.065 
Barium, mg/l <O. l <O.l 0.2 0.3 0.2 0.3 0.2 0.3 
Beryllium, mg/ 1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Cadmium, mg/ 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 
Calcium, mg/l 29 42 26 42 23 60 22 34 
Chloride, mg/l 7 8 9 10 9 10 10 16 

!l:" Chromium, mg/ 1 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.007 0.010 
I Conductivity, 25°C, um hos/ cm 220 350 230 350 220 440 240 400 ,j:>. 

0 Copper, mg/l 0.15 <0.01 0.05 0.10 0.03 0.04 0.11 0.14 
Cydnide, mg/l <0.01 <0.01 <0.01 
Hardness, mg/l 100 130 88 130 82 180 82 120 
Iron, mg/l 1.4 0.88 0.99 0.10 0.59 0.22 0.45 0.64 
Lead, mg/l 0.040 0.030 <0.010 <0.010 0.016 0.010 <0.010 <0.010 
Magnesium, mg/l -1.3 6.2 5.7 5.8 5.9 6.8 6.5 7.8 -----

Manganese, mg/ 1 0.14 0.07 0.10 0.04 0.11 0.02 0.10 0.08 
Mercury, mg/l 0.0008 0.0002 <0.0002 <0.0002 <0.0002 0.0012 0.0002 <0.0002 
Nickel, mg/l <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.07 
Phosphorou&, mg/l 0.06 0.06 0.06 0.04 0.06 0.13 0.06 0.14 
Selenium, mg/1 0.006 0.014 <0.002 0.004 <0.002 <0.002 <0.002 0.028 
Silica, mg/l 6.0 5.3 6.6 5.5 2.7 5.9 5.5 
Silver, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Solid&, Dibsolved, mg/l 120 200 130 210 110 290 130 220 
Solids, Suspended, mg/l 27 19 29 18 22 5 10 4 
Sulfate, mg/l 18 100 17 80 16 140 20 70 
Zinc, mg/l 0.08 0.01 0.06 0.07 0.05 0.05 0.10 0.15 



Table A-11 (Continued) 

TVA PLANT H RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA 
(Qudrterly Samples) 

Date 1/14/75 4/8/75 7/9/75 10/14/75 
River Pond River Pond River Pond River Pond 
Intake Discharge Intake Discharge T ............ 1 ..-.. 

.LULOE\.C Discl.arge Intake Discharge 

Aluminum, mg/l 0.8 1. 2 1.6 1. 7 1. 3 1. 6 0.9 1. 3 
Anunonia as N, mg/l 0.42 0.23 0.12 0.03 0.49 0.18 0.24 0.06 
Arsenic, mg/l <0.005 0.060 (0. 005 0.240 <0.005 0.100 0.010 0.360 
Barium, mg/l <O.l <O.l <O.l 0.3 <O.l <O. l <O.l <O.l 
Beryllium, mg/l <0.01 <0.01 (0. 01 <0.01 <0.01 <O. 01 <O. 01 <0.01 
Cadmium, mg/l <0.001 0.001 0.001 0.002 <0.001 <0.001 <0.001 0.002 
Calcium, mg/l 32 49 22 40 34 67 35 65 
Chloride, mg/l 17 13 6 9 28 15 24 22 
Chromium, mg/l <0.005 <0.005 (0.005 0.008 <0.005 <0.005 <0.005 <0.005 

:i::ii Conductivity, 25°C, umhos/cm 280 400 240 420 310 490 330 510 I 

"'" Copper, mg/l 0.02 0.01 0.08 0.04 0.07 0.02 0.08 0.09 
f--' 

Cyanide, mg/l <0.01 
Hardness, mg/l 110 150 80 130 120 200 140 200 
Iron, mg/l 1.5 0.65 1. 7 0.44 0.83 0.33 o. 92 0.18 
Lead, mg/l 0.020 0.036 0.033 0.021 <0.010 <0.010 o. 011 <0.010 
Magnesium, mg/l 6.4 7.0 6.2 6.6 8. 1 6.8 13 9.7 
Manganese, mg/l 0.17 0.10 0.12 0.06 0.17 0.07 0.18 0.03 
Mercury, mg/l <0.0002 <0.0002 <0.0002 <0.0002 0.0002 <0.0002 <0.0002 <0.0002 
Nickel, mg/l <0.05 <0.05 <0.05 I <0.05 <O. 05 <0.05 (0.05 <CJ. 0 5 
Phosphorous, mg/l 0.45 0.09 0.08 0.06 0.18 0.12 o. 14 o. 16 

Selenium, mg/l <0.002 0.020 <O. 002 0.034 (0.002 0.020 <0.001 0.023 
Silica, mg/l 5.8 5.5 4.6 5.3 4.4 4.6 3.3 4.6 
Silver, mg/l (0.01 <0.01 <0.01 <O.O 1 <0.01 <0.01 <O.Ol <0.01 
Solids, Dissolved, mg/l 170 230 140 270 180 320 180 350 
Solids, Suspended, mg/l 29 15 26 6 24 5 22 7 
Sulfate, mg/l 19 90 18 150 21 130 22 100 
Zinc, mg/l 0.11 0.04 0.07 0.06 0.04 0.04 0.33 0.08 



Table A-12 

TVA PLANT H RIVER WATER INTAKE AND FLY ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 1/14/76 4/ 12/76 
River Pond River Pond 
Intake Discharge Intake Discharge 

Aluminum, mg/l NA 2.2 NA 2.2 
Ammonia as N, mg/! NA 0.19 NA 0.15 
Arsem.c, mg/l NA 0.085 NA 0.220 
Barium, mg/! NA <O.l NA <O.l 
Beryllium, mg/! NA <0.01 NA <0.01 
Cadmium, mg/l NA 0.007 NA 0.010 
Calcium, mg/! NA 69 NA 91 
Chloride, mg/l NA 11 NA 20 

~ Chromium, mg/! NA 0.011 NA 0.011 
I Conductivity, 25°C, umhos/cm NA 440 NA 630 .i:.. 

I\) Copper, mg/! NA 0.02 NA 0.16 
Cyanide, mg/l NA NA 
Hardness, mg/! NA 200 NA 280 
Iron, mg/! NA 0.80 NA 2.3 
Lead, mg/! NA <0.010 NA <0.010 

- - - ~ 

Magnesium, mg/! NA 7.4 NA 12 
Manganese, mg/l NA 0.08 NA 0.19 
Mercury, mg/! NA <0.0002 NA 0.0002 
Nickel, mg/l NA <0.05 NA <0.05 
Phosphorous, mg/! NA 0.09 NA 0.09 
Selenium, mg/l NA 0.019 NA 
Silica, mg/! NA 5.9 NA 4 a • 7 

Silver, mg/l NA <0.01 NA <0.01 
Solids, Dissolved, mg/l NA 290 NA 450 
Solids, Suspended, mg/! NA 35 NA 11 
Sulfate, mg/! NA 140 NA 220 
Zinc, mg/! NA 0.10 NA 0.11 



Table A-13 

TVA PLANT H RIVER WATER INTAKE AND BOTTOM ASH POND DISCHARGE DATA 
(Quarterly Samples) 

Date 1 /14/76 4/ 12/76 
River Pond River Pond 
Intake Discharge Intake Discharge 

Aluminum, mg/l * 1. 7 0.5 0.9 
Ammonia as N, mg/l 0.27 0.15 0.55 0.18 
Arsenic, mg/ 1 <0.005 0.060 <0.010 NES 
Barium, mg/l * <O. l <O.l 0.4 
Beryllium, mg/l * <0.01 <0.01 <0.01 
Cadmium, mg/l * 0.001 <0.001 <0.001 
Calcium, rng/l * 49 43 55 
Chloride, mg/l 11 11 27 21 
Chromium, mg/l * <0.005 <0.005 <0.005 

:J::ol Conductivity, 25°C, umhos/cm 260 340 390 420 
I I 

"'" Copper, mg/l * <0.01 0.03 <0.01 w 
Cyanide, mg/l 
Hardness, mg/l * 150 150 180 
Iron, mg/l * 1.2 0.53 0.72 
Lead, mg/ 1 * <0.010 0.013 <O. 010 
Magnesium, mg/l * 6.1 9.3 11 
Mdnganese, mg/l * 0.04 0.14 0.06 
Mercury, mg/l * <0.0002 <0.0002 <0.0002 
Nickel, mg/ 1 * <0.05 <0.05 <0.05 
Phosphorous, rng/l 0.09 0.12 0.24 0.10 
Selenium, mg/l <0.002 0.010 <0.002 * 
Silica, mg/l 6.5 5.5 2.3 3.8 
Silver, mg/l * <0.01 <0.01 <0.01 
Solids, Dibsolved, mg/l 150 210 200 260 
Solids, Suopended, mg/l 23 35 4 2 
Sulfate, mg/l 20 59 42 100 
Zinc, mg/l * <0.01 0.02 <0.01 

*Bottle Received Broken. 



Table A-14 

TVA PLANT I RIVER WATER INTAKE AND COMBINED ASH POND (SOUTH) DISCHARGE 
(Quarterly Samples) 

Date 1/3/73 5/16/73 7 /9/73 10/1/73 
River Pond River Pond River Pond River Pond 
Intake Discharge Intake Discharge Intake Discharge Intake 'Discharge 

Aluminum, mg/l NA 0.6 NA 1. 2 NA 1.6 NA 1.1 
Ammonia as N, mg/l NA 0.31 NA 0.05 NA 0.05 NA 0.03 
Ar&enic, mg/l NA (0.005 NA NA 0.005 NA 0.005 
Barium, mg/l NA 0.1 NA 0.2 NA 0.1 NA 0.2 
Beryllium, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01 
Cadmium, mg/l NA <0.001 NA <0.001 NA NA <0.001 
Calcium, mg/l NA 110 NA 99 NA 140 NA 100 
Chloride, mg/l NA 11 NA 6 NA 6 NA 7 

:;:. Chromium, mg/! NA 0.016 J.i!A 0.006 NA 0.021 J.i!A 0.026 
I Conductivity, 25°C, umhos/cm NA 610 NA 540 NA 750 NA 680 .i::. 

.i::. Copper, mg/l NA <0.01 NA 0.02 NA 0.02 NA <0.01 
Cyanide, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01 
Hardness, mg/l NA 280 NA 250 NA 350 NA 250 
Iron, mg/! NA 0.05 NA 0.09 NA 0.09 NA <0.05 
Lead, mg/l NA <0.010 NA <0.010 NA NA 0.010 
Magnesium, mg/l NA 0.4 ~ NA 0.2 NA (). 4 NA 0.2 ~ -- - - --

Manganese, mg/l NA <0.01 NA 0.01 NA <0.01 NA <0.01 
Mercury, mg/l NA 0.0012 NA <0.0002 NA <0.0002 NA <0.0002 
Nickel, mg/l NA <0.05 NA <0.05 NA (0.05 NA 0.05 
Phosphorou&, mg/l NA 0.05 NA 0.03 NA 0.06 NA <0.03 
Selenium, mg/l NA <0.004 NA 0.004 NA 0.004 NA 0.006 
Silica, mg/l NA 7.1 NA 7.4 NA 7.0 NA 7.6 
Silver, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01 
Solids, Dissolved, mg/l NA 280 NA 230 NA 300 NA 300 
Solids, Suspended, mg/l NA 3 NA 2 NA 6 NA 3 
Sulfate, mg/l NA 60 NA 50 NA 75 NA 64 
Zinc, mg/l NA <0.01 NA 0.24 NA 0.01 NA 0.03 

NA = Not Available 



Table A-14 (Continued) 

TVA PLANT I RIVER WATER INTAKE AND COMBIN~D ASH POND (SOUTH) DISCHARGE 
(Quarterly Samples) 

Date 2/19/74 4/8/74 7 /15/74 10/15/74 
River - Pond River Pono River Pond River Po Pd 
Intake Discharge Intake Dis<..hdrge Intake Discharge Intake ,Dis<..harge 

Aluminum, mg/l 1.4 0.8 2.0 1.1 0.8 2.0 1.2 2.6 
Ammonia as N, mg/1 0.05 0.03 0.08 0.06 0.02 0.03 0.04 0.03 
Arbenic, mg/ 1 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
Barium, mg/l 0.2 0.3 0.3 0.2 0.1 0.2 <O.l 0.5 
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 ' <O. 01 <0.01 <0.01 (0.01 
Cadmium, mg/l <0.001 <0.001 (0.001 <0.001 <0.001 0.002 0.001 <0.001 
Calcium, mg/l 21 74 20 46 18 92 21 140 
Chloride, mg/l 4 4 4 4 6 5 8 10 

!!:>' 
Chromium, mg/l (0.005 0.030 (0.005 4 <0.005 0.020 <0.005 0.026 

I Conductivity, 25°C, umhos/cm 170 540 150 440 150 750 180 940 
""' Copper, mg/l 0.11 0.13 0.10 0.05 0.07 0.15 0.12 0.10 tJ1 

Cyanide, mg/l <0.01 <0.01 <0.01 
Hardness, mg/l 66 190 64 120 59 230 70 350 
Iron, mg/l I. 7 0.15 1.8 0.28 0.80 0.25 0.61 0.17 
Lead, mg/l 0.021 <0.010 0.014 (0.010 0.017 0.038 0.016 0.010 
Magnesium, mg/l 3.3 0.4 3.3 0.5 3.5 0.3 4.3 0.2 
Manganese, mg/l 0.11 <0.01 0.12 0.5 0.06 <0.01 0.01 0.01 
Mercury, mg/l <0.0002 <0.0002 (0.0002 (0.0002 (0.0002 <0.0002 <0.0002 (0.0002 
Nickel, mg/ 1 <0.05 <0.005 <0.05 (0.05 <0.05 <0.05 (0.0) (0.05 
Phosphorous, mg/l 0.15 0.01 0.21 0.04 0.04 <0.01 0.10 <..0.01 
Selenium, mg/l 0.002 0.08 (0.002 0.007 <0.002 <0.002 <0.002 0.012 
Silica, rng/1 5.6 7.9 5.9 7.8 3.2 9.1 
Silver, mg/l <0.01 <0.01 (0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Solids, Dissolved, mg/l 100 220 90 190 90 230 100 370 
Solids, Suspended, rng/l 18 4 28 2 16 <I 3 2 
Sulfate, rng/l 12 61 14 58 10 90 12 100 
Zinc, rng/1 0.08 0.07 0.12 0.08 0.09 0.09 0.05 0.08 



Table A-14 (Continued) 

TVA PLANT I RIVER WATER INTAKE AND COMBINED ASH POND (SOUTH) DISCHARGE 
(Quarterly Samples) 

Date 1/13/75 4/7 /75 7 /14/75 10/20/75 
River Pond River Pond River Pond River Pond 
Intake Dis1...har~e Intake Dis1...har~e Intake Dischaq~e Intake , Discharge 

Aluminum, mg/l 3.0 1.4 2.0 1.9 * 2.1 1.0 1. 2 
Ammonia as N, mg/l 0.10 0.06 0.04 0.10 0.03 0.01 0.07 0.07 
Arsenic, mg/l <0.005 0.010 <0.005 0.100 * 0.110 <0.005 0.160 
Barium, mg/l <O. l <O. l 0.3 <O. l * <O. l <O. l <O.l 
Beryllium, mg/l <0.01 <O.Oi <0.01 <O.Oi 7< <O.Oi <0.01 <0.01 
Cadmium, mg/l <0.001 <0.001 0.001 0.001 * <0.001 <0.001 <0.001 
Calcium, mg/l 18 44 17 45 * 58 19 61 
Chloride, mg/l 5 6 6 4 5 4 6 7 
Chromium, mg/ 1 <0.005 0.024 0.005 0.007 * <0.005 <0.005 <0.005 

!!>' Conductivity, 25°C, umhos/(.m 130 310 140 310 150 330 150 350 I 
~ Copper, mg/l 0.01 0.02 0.06 0.02 * 0.09 0.04 0.04 
O'I 

Cyanide, mg/l <0.01 
Hardness, mg/l 56 120 53 120 * 160 61 180 
Iron, mg/l 3.9 0.35 1.8 0.58 * 0.47 1.5 0.57 
Lead, mg/l 0.014 0.012 0.012 0.019 * (0.010 <0.010 <0.010 
Magnesium, mg/! 2.7 ~ 2.(} 2.6 2.2 - * 3.7 3.4 3.5 
Manganese, mg/l 0.20 0.02 0.12 0.01 * 0.02 0.11 <0.01 
Mercury, mg/l <0.0002 (0.0002 <0.0002 0.0005 <0.0002 <0.0002 0.0003 <0.0002 
Nickel, mg/ 1 <0.05 <0.05 <0.05 (0.05 * <0.05 <0.05 <0.05 
Phosphorous, mg/l 0.36 0.05 0.15 0.09 0.10 0.25 0.26 0.24 
Selenium, mg/l <0.002 <0.002 <0.002 0.007 <0.002 0.008 <0.001 0.005 
SU ica, mg/ 1 6.4 6.3 6.5 6.0 4.4 6.0 5.9 6.2 
Silver, mg/l <0.01 <0.01 <0.01 <0.01 * <0.01 <0.01 <0.01 
Solids, Dibsolved, mg/l 100 190 100 210 90 220 90 230 
Solids, Suspended, mg/l 57 15 16 7 20 4 31 15 
Sul fate, mg/l 10 50 20 70 11 200 12 88 
Zinc, mg/l 0.05 0.04 0.11 0.06 * 0.11 0.03 0.10 

*Bottle Broken 



Table A-14 (Continued) 

TVA PLANT I RIVER WATER INTAKE AND COMBINED ASH POND (SOUTH) DISCHARGE 
(Quarterly Samples) 

Date 1/12/76 4/12/76 
River Pond River Pond 
lnta1<e Dibcharge Intdke Discharge 

Aluminum, mg/ 1 l. l 3.4 l.O 0.4 
Ammonia as N, mg/l 0.07 0.20 0.05 0.07 
Arsenic, mg/l <0.005 0.035 <0.005 0.010 
Barium, mg/l <O. l <O. l <O.l <O.l 
Beryllium, mg/l <O.Ol <0.01 <0.01 <0.01 
Cadmium, mg/l <0.001 <0.001 <0.001 <0.010 
Calcium, mg/l 27 59 26 140 
Chloride, mg/l 7 6 5 6 

> Chromium, mg/l <0.005 0.012 <0.005 0.006 
I Conductivity, 25°C, umhos/cm 150 310 170 880 

""' -..J Coppt:!r, mg/l <0.01 <0.01 0.03 <0.01 
Cyanide, mg/l 
Hardness, mg/l 81 160 79 350 
Iron, mg/l 1.0 l.O l. 2 0.07 
Lead, mg/l <O.OlO <0.010 <0.010 <0.010 
Mdgnesium, mg/l 3.2 3.6 J.4 0.5 
Manganese, mg/l 0.07 O.Ol 0.09 0.01 
Mercury, mg/l <0.0002 <0.0002 <0.0002 <0.0002 
Nickel, mg/l <0.05 <0.05 <0.05 <0.05 
Phosphorous, mg/l O. ll 0.24 o. l l 0.03 
Selenium, mg/l <0.002 0.015 <0.002 0.020 
Silica, mg/l 6.3 6.1 5.0 8.1 
Silver, mg/l <O.Ol <O. 01 <O.Ol <0.01 
Solids, Dissolved, mg/l 110 200 90 360 
Solids, Suspended, mg/l 9 48 10 15 
Sulfate, mg/l 12 59 12 120 
Zinc, mg/l 0.02 <0.01 0.02 0.06 



Table A-15 

TVA PLANT J RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE 
(Quarterly Samples) 

Date 1/3/73 4/3/73 7 /2/73 10/1/73 
River Pond River Pond River Pond River Pond 
Intake Discharge Intake Discharge Intake Discharge Intake Oischarge 

Aluminum, mg/1 NA 3.6 NA 5.0 NA 0.4 NA 1. 3 
Ammonia as N, mg/l NA 0.08 NA 0.04 NA 0.06 NA 0.04 
Arsenic, mg/ 1 NA 0.018 NA 0.014 NA 0.015 NA 0.080 
Barium, mg/l NA 0.1 NA <O.l NA <O. l NA <O.l 
Beryllium, mg/ 1 NA <0.01 NA <0.01 NA <0.01 ~A <0.01 
Cadmium, mg/l NA 0.002 NA 0.001 NA <0.001 NA <0.001 
Calcium, mg/ 1 NA 30 NA 31 NA 39 NA 57 
Chloride, mg/l NA 3 NA 3 NA 4 NA 4 

!I>' Chromium, mg/l NA 0.006 NA <0.005 NA <0.005 NA 0.005 
I Conductivity, 25°C, umhos/ cm NA 360 NA 340 NA 320 NA 380 

""" co Copper, mg/l NA 0.05 NA 0.03 NA 0.02 NA 0.02 
Cyanide, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01 
Hardness, mg/l NA 96 NA 100 NA 130 NA 180 
Iron, mg/l NA 2.7 ~ 3.4 NA 0.66 NA 0.58 
Lead, mg/l NA <0.010 NA <0.010 NA <0.010 NA <0.010 
Magnesium, mg/l NA 5.0 NA 6.0 NA 8.2 NA 9.3 

---~-

Manganese, mg/l NA 0.66 NA 0.62 NA 0.44 NA 0.16 
Mer<.ury, mg/l NA 0.0008 NA <0.0002 NA <0.0002 NA <0.0002 
Nie kel, mg/ 1 NA <0.05 NA <0.05 NA <0.5 NA <0.05 
Phosphorous, mg/l NA 0.15 NA 0.03 NA 0.04 NA 0.39 
Selenium, mg/l NA <0.004 NA 0.003 NA 0.002 NA <0.001 
Silica, mg/l NA 7.5 NA 7.9 NA 5.7 NA 5.6 
Silver, mg/l NA <0.01 NA <0.01 NA <0.01 NI\ <O.Oi 
Solids, Dibbolved, mg/l NA 210 NA 220 NA 200 NA 250 
Solids, Suspended, mg/l NA 2 NA 35 NA 2 NA 5 
Sulfate, mg/l NA 140 NA 120 NA 120 NA 120 
Zinc, mg/l NA 0.04 NA 0.06 NA 0.04 NA 0.02 

NA = Not Available 



Table A-15 (Continued) 

TVA PLANT J RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE 
(Qudrterly Samples) 

Date 1/14/74 4/4/74 7/15/74 10/8/74 
River Pond River Pond River Pond River Pond 
Intake Discharge Ir take Di s .... t1arge Intake Dibcharge Intake 1Hsd1drge 

Aluminum, mg/l 0.9 lo6 1.4 2.1 0.4 I.0 0.3 0.4 
Ammonia as N, mg/l <0.01 0.05 0.02 <0.08 0.01 <0.01 0.01 0.01 
Arsenic, mg/ 1 <0.005 0.025 <0.005 <0.005 0.110 0.110 <0.005 0.040 
Barium, mg/l <O. l <O.l 0.4 0.3 0.2 0.2 0.2 0.2 
Beryllium, mg/ 1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Cadmium, mg/ 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.002 <0.001 <0.001 
Calcium, mg/ 1 5 32 4 23 26 38 30 47 
Chloride, mg/l 2 2 2 3 3 2 4 3 

::i::i Chromium, mg/ 1 <0.005 0.007 <0.005 <0.005 <0.005 <0.005 0.006 0.006 
I Conductivity, 25 °C, um hos/ cm 44 370 51 250 320 320 240 350 

ti:>-
\.0 Copper, mg/ 1 0.13 0.08 0.12 0.18 0.04 0.05 0.04 0.04 

Cyanide, mg/l <O~Ol <0.01 <0.01 
Hardness, mg/ 1 19 100 16 73 95 130 110 150 
Iron, mg/l 0.91 9.4 1. 5 1. 2 0.44 0.39 0.26 0.10 
Lead, mg/l <0.01 0.028 0.020 <0.010 <0.010 0.038 <0.010 <O. 010 
Magnesiu.n, mg/l 1.6 5.7 1. 5 3.9 7.3 8.2 8.3 8.6 
Manganese, mg/l 0.08 0.68 0.07 0.40 0.03 0.05 0.03 0.08 
Men.ury, mg/l <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0005 <0.0002 <0.0002 
Nickel, mg/l <0.05 <0.07 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Phosphorous, mg/l <0.01 0.03 0.03 0.04 0.02 0.11 0.02 0.03 
Selenium, mg/l <0.002 0.006 <0.002 <0.002 0.008 0.004 <0.002 <0.002 
Silica, mg/l 4.1 6.8 4.5 6.5 1.0 4.0 3.5 
Silver, mg/ 1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Solids, Dissolved, mg/l 40 250 40 140 210 200 130 220 
Solids, Suspended, mg/l 10 81 35 12 7 9 .'.> l 

Sulfate, mg/l 13 170 13 120 80 90 14 94 
Zin<., mg/l 0.08 0.09 0.09 0.12 0.08 0.03 0.05 0.03 



Table A-15 (Continued) 

TVA PLANT J RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE 
(Quarterly Samples) 

Date 1/15/75 4/8/75 7/14/75 10/15/75 
River Pond River Pond River Pond River Pond 
Intake Discharge Intake Discharge Intake Discharge Intake Discharge 

Aluminum, mg/l 0.6 4.4 1.0 3.0 1. 0 1. 5 0.3 1. 4 
Ammonia as N, mg/! 0.02 0.04 0.23 3.7 0.02 0.07 0.03 0.03 
Arsenic, mg/l <0.005 0.005 <0.005 <0.005 0.007 0.130 <0.005 0.040 
Barium, mg/l <O.l 0.2 <O.l 0.3 <O.l <O.l <O.l <O.l 
Beryllium, mg/l <0.01 <0.01 <0.01 <O. 01 <0.01 <0.01 <0.01 <0.01 
Cadmium, mg/l <0.001 <0.001 <0.002 <0.002 <0.001 <0.001 <0.001 <0.001 
Calcium, mg/l 4.0 29 8.0 20 24 40 20 25 
Chloride, mg/! 2 2 4 21 3 6 3 3 

:ti' Chromium, mg/l <0.005 <0.005 <0.005 0.006 <0.005 <0.005 <0.005 <0.005 
I Conductivity, 25°C, umhos/cm 44 390 90 420 200 310 160 230 U1 

0 Copper, mg/l <0.01 0.04 0.06 o. 73 0.11 0.05 0.09 0.05 
Cyanide, mg/l <0.01 

l Hardness, mg/l 15 94 30 67 89 140 76 85 
Iron, mg/l 0.50 5.2 0.61 3.8 1. 1 0.86 0.28 0.52 
Lead, mg/l 0.18 0.014 0.011 0.018 <O. 010 <0.010 0.010 <0.010 
Magnesium, mg/l 1. 2 5.3 -~- - i-.4 - --- 4.1 7.1 9.9 6.4 5.6 
Manganese, mg/! 0.06 o. 79 0.18 0.40 0.05 0.14 0.06 0.13 
Mercury, mg/l <0.0002 <0.0002 <0.0002 0.0004 <0.0002 <0.0002 0.0009 <0.0002 
Nickel, mg/l <0.05 <0.05 <0.05 0.08 <0.05 0.05 <0.05 <0.05 
Phosphorous, mg/l 0.01 <0.01 0.01 0.08 0.02 0.11 0.03 0.07 
Selenium, mg/l <0.002 <0.002 <0.002 <0.002 <0.002 0.008 <0.001 0.007 
Silica, mg/! 3.9 6.6 4.8 8.7 5.0 7.1 3.8 4.7 
Silver, mg/l <0.01 <0.01 <0.01 (0. 01 <0.01 <O. 01 <0.01 <0.01 
Solids, Dissolved, mg/! 30 210 50 170 110 200 100 150 
Solids, Suspended, mg/l 5 9 25 9 7 4 7 6 
Sulfate, mg/l 9 180 14 140 16 72 13 56 
Zinc, mg/l 0.04 0.11 0.04 0.25 0.03 0.02 0.04 0.08 



Table A-15 (Continued) 

TVA PLANT J RIVER WATER INTAKE AND COMBIN£D ASH POND DISCHARGE 
(Qudrterly Samples) 

Date 1 /7 /76 4/13/76 
River Pon a River Pond 
Intdke Dischdrge Intake Discharge 

Aluminum, mg/l 0.4 1. 5 0.6 1.3 
Ammonia as N, mg/l 0.01 0.04 0.01 0.07 
Arsenic, mg/l (0.005 0.090 (O. 010 0.100 
Barium, mg/l <O.l 0.1 (O. l (0.1 
Beryllium, mg/l <0.01 (0.01 (O.Ol (0.01 
Cddmium, mg/l <0.001 0.002 (0.001 0.0001 
Calcium, mg/l 6.0 23 9.0 22 
Chloride, mg/l 3 3 3 3 

~ 
Chromium, mg/l 0.014 (0.005 (0.005 (0.005 

I Conductivity, 25°C, umhos/cm 48 230 74 NES 
Ul 

Copper, mg/l 0.01 0.03 o.os o.o9 !-> 

Cyanide, mg/l 
Hardness, mg/l 20 70 32 68 
Iron, mg/l 0.45 3.2 0.84 1. 5 
Lead, mg/l <0.010 (0.010 <0.010 <0.010 
Magnesium, mg/l 1. 3 3.0 2.2 3.2 
Manganese, mg/l 0.07 0.28 0.11 0.32 
Mercury, mg/l <0.0002 <0.0002 <0.0002 0.0006 
Nit.kel, mg/l (0.05 (0.05 <0.05 <0.05 
Phosphorous, mg/l 0.01 0.09 0.02 0.03 
Selenium, mg/l <0.002 0.004 <0.002 0.004 
Silica, mg/l 4.1 5.6 4.6 6.2 
Silver, mg/l <0.01 <0.01 (0.01 (0.01 
Solids, Dissolved, mg/l 40 70 so 140 
Solids, Subpended, mg/l 4 14 6 4 
Sulfate, mg/l 10 85 18 92 
.li IlL , mg/ l (0.01 0.04 (0.01 0.06 



Table A-16 

TVA PLANT K RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE 
(Quarterly Samples) 

Date 1/2/73 4/2/73 7 /2/73 10/1/73 
River Pond River Pond River Pond River Pond 
Intake Discharge Intake DisLharge Intake Discharge Intake Disc.harge 

Al Ull\ in um, mg/ 1 NA 1.3 NA 1.9 NA 2.3 NA 0.5 
Ammonia as N, mg/l NA 0.05 NA 0.03 NA 0.16 NA 0.02 
Arsenic, mg/ 1 NA 0.008 NA <0.005 NA NA 0.025 
Barium, mg/l NA <O.l NA <O. l NA 0.2 NA <O. l 
Beryllium, mg/l NA <0.01 NA <O.Oi N& <O.Oi NA <0.01 
Cadmium, mg/l NA <0.001 NA <0.001 NA <0.001 NA <0.001 
Calcium, mg/l NA 87 NA 110 NA 130 NA 75 
Chloride, mg/l NA 13 NA 9 NA 13 NA 19 
Chromium, mg/l NA 0.022 NA 0.015 NA 0.023 NA 0.023 

::t>' Conductivity, 25°C, umhos/cm NA 380 NA 520 NA 580 NA 480 I 
U1 Copper, mg/l NA <0.01 NA <0.01 NA <0.01 NA 0.03 
N 

Cyanide, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01 
Hardness, mg/ 1 NA 220 NA 280 NA 330 NA 190 
Iron, mg/l NA 0.11 NA 0.34 NA 0.17 NA 0.13 
Lead, mg/l NA <0.010 NA <0.010 NA <0.010 NA <0.010 
Magnesiwn, mg/l NA 1.0 NA 0.4 NA 0.7 NA 1 .. 1 - - ---~ 
Manganese, mg/1 NA <0.01 NA 0.02 NA <0.01 NA <0.01 
Mercury, mg/l NA 0.0008 NA 0.0003 NA 0.0008 NA <0.0002 
Nickel, mg/1 NA <0.05 NA <0.05 NA <0.05 NA 0.22 
Phosphorous, mg/l NA 0.03 NA <0.03 NA 0.06 NA 0.10 
Selenium, mg/l NA 0.016 NA 0.008 NA 0.008 NA 0.012 
Silica, mg/l NA 7.0 NA 7.4 NA 8.8 NA 7.1 
Silver, mg/l NA <0.01 NA <O.Ol NA <0.01 NA <O.Ol 
Solids, Dissolved, mg/l NA 220 NA 240 NA 290 NA 310 
Solids, Suspended, mg/l NA 7 NA 5 NA 3 NA 6 
Sulfate, mg/l NA 72 NA 55 NA 90 NA 88 
Zinc, mg/l NA 0.11 NA <0.01 NA 0.02 NA 0.02 

NA = Not Available 



Table A-16 (Continued) 

TVA PLANT K RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE 
(Quarterly Samples) 

Date 1/14/74 4/8/74 7 /15/74 10/8/74 
River Pond River Pond River Po'1d Rive1 Pond 
Intalte Disd.arge Intake Discharge Intake Discharge Intdke 1Di1>chdrge 

Aluminum, mg/l 2.8 1.8 2.3 1.8 3.4 2.4 1.4 1.3 
Ammonia as N, mg/l 0.08 0.06 0.04 0.03 0.06 0.04 0.24 0.07 
Arsenic, mg/ l 0.015 0.010 <0.005 0.005 <0.005 <0.005 <0.005 0.025 
Barium, mg/l <O. l <O. l 0.3 0.3 0.2 0.2 0.1 0.3 
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 (0.01 
Cadmium, mg/l <0.001 0.001 <0.001 <0.001 0.001 0.002 <0.001 <0.001 
Calcium, mg/ 1 15 77 16 52 18 76 28 92 
Chloride, mg/l 6 Jl 6 9 6 7 10 12 
Chromium, mg/l 0.027 0.014 0.012 0.019 <0.005 0.026 0.006 0'. 026 

> Conductivity, 25°C, umhos/cm 140 500 160 460 150 640 260 400 
I 

Lil Copper, mg/ 1 0.12 0.07 0.12 0.08 <0.01 0.10 0.04 0.05 
w Cyanide, mg/l <0.01 <0.01 <0.01 

Hardness, mg/l 52 190 56 130 61 190 98 240 
Iron, mg/l 2.6 0.32 2.2 0.33 3.3 0.33 1. 3 0.18 
Lead, mg/l 0.022 0.017 <0.010 <0.010 0.030 0.040 <0.010 0.014 
Magnesium, mg/l 3.6 0.6 3.8 0.6 3.8 0.5 6.9 3.0 
Manganese, mg/ 1 0.09 <0.01 0.11 <0.01 0.18 <0.01 0.07 <0.01 
Mercury, mg/l <0.0002 <0.0002 <0.0002 0.0003 <0.0002 <0.0002 <0.0002 <0.0002 
Nickel, mg/l <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Phosphorous, mg/l 0.13 0.01 0.10 0.01 0.06 <0.01 0.08 0.06 
Selenium, mg/l <0.002 0.014 <0.002 0.012 <0.002 <0.002 <0.002 0.012 
Silica, mg/l 5.3 6.5 4.8 8.0 2.5 5.9 6.7 
Silver, mg/ 1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 (0.01 
Solids, Dissolved, mg/l 90 240 100 220 80 250 150 240 
Solids, Suspended, mg/l 31 10 26 8 60 3 30 5 
Sulfate, mg/l 22 89 18 100 13 90 31 110 
Zinc, mg/l 0.09 0.08 0.08 0.06 0.04 0.04 0.06 0.05 



Table A-16 (Continued) 

TVA PLANT K RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE 
(Quarterly Samples) 

Date 1/13/75 4/7/75 7 /14/75 10/14/75 
River Pond River Pond River Pond River Pond 
Intake Discharge Intake Dis(.harge Intake Discharge Intake Discharge 

Aluminum, mg/l 1.8 3.1 2.6 1.7 1.1 2.2 0.6 1.4 
Ammonia as N, mg/l 0.05 0.08 0.13 0.10 0.06 0.04 0.05 0.0.t 
Arsenic, mg/ 1 <0.005 0.045 <0.005 0.050 0.024 0.100 <0.005 0.085 
Barium, mg/l <O. l 0.3 <O.l <O. l <0.1 <O. l <O. l <O.l 
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Cadmium, mg/l <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 0. !)1)1 

Calcium, mg/l 21 60 12 47 25 64 22 44 
Chloride, mg/l 6 8 4 7 8 6 8 9 
Chromium, mg/l <0.005 0.036 0.009 0.009 <0.005 0.015 <0.005 <0.005 

~ Condu(.tivity, 25°C, umhos/cm 160 350 120 320 200 340 150 300 
I 

Ul Copper, mg/l 0.02 0.02 0.08 0.03 0.11 0.01 0.09 0.09 
~ 

Cyanide, mg/l <0.01 
Hardness, mg/ 1 66 160 40 130 87 180 73 120 
Iron, mg/l 1.8 1.0 2.2 0.37 1.4 1.2 0.66 0.18 
Lead, mg/l 0.020 o.ot.8 0.010 0.012 <O.OH> <0.010 <0.010 0.010 
Magnesium, mg/l 3.4 2.4 2.5 2.4 6.0 3.6 4.4 3.0 
Manganese, mg/l 0.10 0.03 0.07 0.01 0.10 0.04 0.08 0.01 
Mercury, mg/l <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Nickel, mg/l <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Phosphorous, mg/l 0.11 0.06 0.11 0.08 0.09 0.17 0.09 0.12 
Selenium, mg/l <0.002 <0.002 <0.002 0.011 <0.002 0.009 <0.001 0.008 
S1l1ca, mg/l 5.6 6.6 5.0 4.0 2.5 5.3 5.4 5.8 
Silver, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Solids, Dissolved, mg/l 100 210 110 240 120 240 100 180 
Solids, Suspended, mg/l 20 26 21 7 23 6 17 11 
Sulfate, mg/l 12 60 19 88 23 100 21 54 
Zinc, mg/l 0.04 0.04 0.06 0.02 0.11 0.07 0.06 0.04 



Table A-16 (Continued) 

TVA PLANT K RIVER WATER INTAKI!. AND COMBINED ASH POND DISCHARGE 
(Qudrterly Sampleb) 

Date 1I12/76 4/ 12/76 
River Pond River Pond 
Intake Disd1arge Intake Dischdrge 

Aluminum, mg/l 1.2 1.4 1.0 0.7 
Ammonia as N, mg/l 0.05 0.11 0.04 1.3 
Arsenic, mg/l <0.005 0.060 <0.010 0.092 
Barium, mg/I <O. l <O.l <O. l 0.3 
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 
Cadmium, mg/l <0.001 <0.001 <0.001 <0.001 
Calcium, mg/l 23 59 30 69 
Chloride, mg/l 7 8 8 19 

:i::.i Chromium, mg/l <O 005 <0.005 (0.005 <0.005 
I Conductivity, 25°C, umhos/cm 150 320 210 370 

LT1 Copper, mg/ 1 <0.01 <0.01 0.03 0.04 LT1 

Cyanide, mg/I 
Hardness, mg/l 71 160 96 180 
Iron, mg/l 1.2 0.26 1. 7 0.20 
Lead, mg/l <0.010 <0.010 <0.010 <0.010 
Magnesium, mg/l 3.4 3.0 5.0 3.0 
Manganet:.e, mg/I 0.07 <0.01 0.14 0.01 
Mercury, mg/l <0.0002 <0.0002 <0.0002 <0.0002 
Nickel, mg/l <0.05 <0.05 (0.05 <0.05 
Phosphorous, mg/l 0.10 0.06 0.13 0.02 
Selenium, mg/l 0.009 0.012 <0.002 0.003 
Silica, 111g/l 5.9 5.9 4.8 5.6 
Silver, mg/ 1 <0.01 <0.01 <0.01 <0.01 
Solids, Dibsolved, mg/l 100 200 110 200 
Solids, Subpended, mg/l 22 4 24 4 
Sulfate, mg/l 16 59 24 91 
LinL » mg/ l <0.01 <0.01 0.04 0.03 



Table A-17 

TVA PLANT L RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE 
(Quarterly Samples) 

Date 1/8/73 4/2/73 7 /2/73 10/1/73 
River Pond River Pond River Pond River Pond 
Intake Discharge Intdke Discharge Intake Discharge Intake 'Discharge 

Aluminum, mg/1 NA 2.1 NA 2.2 NA 2.6 NA 1.8 
Ammonia as N, mg/1 NA 0.37 NA l. 3 NA 0.20 NA 1. 4 
Arsenic, mg/1 NA 0.036 NA 0.030 NA 0.010 NA 0.070 
Barium, mg/1 NA (0.1 NA 0.1 NA (0.1 NA (0.1 
Beryllium, mg/l NA (0.01 NA (0.01 NA (0.01 NA (0.01 
Cadm1um, mg/l NA (0.001 NA (0.001 NA <0.001 NA (0.001 
Calcium, mg/l NA 44 NA 38 NA 91 NA 53 
Chloride, mg/l NA 6 NA 4 NA 6 NA 9 

:i>i Chromium, mg/l NA 0.009 NA 0.001 NA (0.005 NA 0.009 
I Conductivity, 25°C, umhos/cm NA 120 NA 270 330 360 Ul NA NA 

O"\ Copper, mg/l NA (0.01 NA (0.01 NA 0.01 NA (0.01 
Cyanide, mg/l NA (0.01 NA (0.01 NA (0.01 NA (0.01 
Hardness, mg/l NA 130 NA 110 NA 240 NA 150 
Iron, mg/l NA 0.90 NA 1. 0 NA 0.54 NA 0.58 
Lead, mg/l NA (0.010 NA 0.043 NA (0.010 NA (0.010 

_Magnesium, mg/l NA 3.9 NA 4.0 NA 4.2 NA 3.5 
Manganese, mg/l NA (0.01 NA 0.06 NA (0.01 NA (0.01 
Mercury, mg/l NA 0.0009 NA 0.0005 NA NA (0.0002 
Nickel, mg/l NA (0.05 NA (0.05 NA (0.05 NA (0.05 
Phosphorou~s mg/l NA 0.19 NA 0.03 NA 0.45 NA 0.42 
Selenium, mg/l NA (0.004 NA 0.013 NA 0.013 NA 0.014 
Silica, mg/l NA 5.6 NA 5.0 NA 5.9 NA 5.4 
Silver, mg/l NA <0.01 NA (0.01 NA <0.01 NA <0.01 
Solids, Dissolved, mg/l NA 230 NA 190 NA 240 NA 230 
Solids, Suspended, mg/l NA 11 NA 8 NA 3 NA 5 
Sulfate, mg/l NA 100 NA 60 NA 75 NA 110 
Zinc, mg/l NA 0.04 NA 0.02 NA 0.03 NA 0.02 

NA = Not Available 



Table A-17 (Continued) 

TVA PLANT L RIVER WATER INTAKE AND COMBINED ASH PONO DISCHARGE 
(Qudrterly Sdmple&) 

Date 1/15/74 4/9/74 7/16/74 10/22/74 
Ri ve:r_ Pond Fiver Pond River Pon ct River Pond 
Intake Di&charge Intdke Dbchdrge Intake Dischdrge lntc1ke ' lJbchdrge 

Aluminum, mg/l 2.8 2.0 2.3 2.5 0.7 2.2 0.3 1.3 
Ammonia as N, mg/l 0.04 0.60 0.05 0. 116 0.07 0.06 0.08 0.73 
Arsenic, mg/l <0.005 0.045 (0.005 0.010 (0.005 0.015 0.010 0.010 
Barium, mg/l 0.1 <O.l 0.2 0.2 0.2 0.2 (0.1 (0. l 
Beryllium, mg/l (0.01 (0.01 (0.01 (0.01 (0.01 (0.01 (0.01 (0.01 
Cadmium, mg/l (0.001 (0.001 (0.001 (0.001 (0.001 0.004 <0.001 (0.001 
Cdlcium, mg/l 14 60 17 72 17 47 17 32 
Chloride, mg/l 4 4 4 4 6 6 8 8 

:i::i Chromium, mg/l 0.021 0.005 <0.005 0.010 (0.005 0.010 0.010 0.012 
I Conductivity, 25°C, umhos/cm 110 300 130 560 170 310 180 270 Ul 

-...) Copper, mg/l 0.14 0.07 0.10 0.08 0.04 0.14 (0.01 (0.01 
Cyanide, mg/l (0.01 (0.01 (0.01 
Hardness, mg/l 50 160 56 190 60 130 61 92 
Iron, mg/l 2.40 0.87 1.9 0.85 0.61 0.38 0.28 o. 41 
Lead, mg/l 0.02 (0.010 0.012 (0. 010 0.014 0.036 (0. 010 (0.010 
Magnesium, mg/l 3.7 2.0 3.4 1. 3 4.3 2.6 4.4 3.0 
Mangane&e, mg/l 0.12 <0.01 0.08 0.01 0.05 (0.01 0.03 (0.01 
Mercury, mg/l 0.0002 (0.0002 (0.0002 0.0002 (0.0002 (0.0002 (0.0002 (0.0002 
Nickel, mg/l <0.05 <0.05 (0. 05 (0.05 (0.05 <0.05 (0.05 (0.05 
Phosphorous, mg/l 0.01 0.01 0.06 0.02 0.02 0.08 0.04 0.05 
Selenium, mg/l (0. 002 0.014 (0.002 0.008 (0.002 <0.002 <0.002 <0.002 
Silica, mg/l 5.2 5.2 5.4 6.7 3.6 5.1 5.J 
Silver, mg/l <0.01 <0.01 (0. 0 l <0.01 <0.01 <0.01 <0.01 0.01 
Solids, Dis&olved, mg/l 80 220 80 230 90 230 100 150 
Solids, Suspended, mg/l 30 27 43 50 8 9 4 4 
Sulfate, mg/l 11 80 15 90 14 110 14 55 
Zinc, mg/l 0.08 0.02 0.07 0.06 0.04 0.05 0.05 0.05 



Table A-17 (Continued) 

TVA PLANT L RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE 
(Quarterly Samples) 

Date 1/21/75 4/15/74 7 /9/75 7 /16/75 10/14/75 
River Pond River Pond River Pond River Pond 
Intake Discharge Intake Discharge Intake Discharge Intake pischarge 

Aluminum, mg/l 1.0 1.5 1.4 2.3 0.7 2.1 0.7 1.7 
Ammonia as N, mg/! 0.05 0.45 0.06 0.29 0.07 0.29 0.04 0.14 
An.enic, mg/ 1 <0.005 0.033 <0.005 0.035 <0.005 0.030 <0.005 0.005 
Barium, mg/l <O. l <O.l 0.2 0.2 <O.l <O.l <O.l <O. l 
Beryllium, mg/l <0.01 <0.01 <0.01 <O.Ol <0.01 <0.01 <0.01 <0.01 
Cddmium, mg/! <0.001 (0.001 <0.001 0.002 0.001 <0.001 <0.001 <0.001 
Calcium, mg/! 13 42 15 42 21 63 19 62 
Chloride, mg/! 6 8 4 4 7 5 7 4 

:i::i 
Chromium, mg/ 1 0.012 0.018 0.005 0.016 <0.005 <0.005 <0.005 <0.005 

I Conductivity, 25°C, umhos/cm 150 410 140 320 150 360 150 420 
lJl Copper, mg/l 0.02 <0.01 0.06 0.12 0.08 0.10 0.08 0.09 ()) 

Cyanide, mg/l <0.01 
Hardness, mg/! 46 120 53 110 70 160 64 160 
Iron, mg/l 0.84 0.48 1.1 0.30 0.66 0.36 0.45 <0.05 
Lead, mg/! 0.018 <0.010 0.032 0.031 <0.010 (0.010 <0.010 0.010 

-Magnesium~ mg/l - 3 .. 4 - 2.-7 3._7 --- 1.8 4~2 -- - l.A 4.0 --- 0_.4 ------ - -- --

Manganese, mg/! 0.07 0.13 0.07 0.07 0.07 0.01 0.04 <0.01 
Mercury, mg/l <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Nickel, mg/l <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Phosphorous, mg/! 0.03 0.03 0.03 0.04 0.04 0.04 0.02 
Selenium, mg/! <0.002 0.020 <0.002 0.013 <0.002 0.010 <0.001 0.010 
Silica, mg/l 5.1 4.5 5.8 7.1 5.0 9.1 5.3 8.5 
Silver, mg/! <O.Oi <O.Oi <0.01 <0.01 <0.01 <0.01 <0.01 <O.Oi 
Solids, Dissolved, mg/! 90 260 70 180 90 230 100 140 
Solids, Suspended, mg/l 12 11 9 7 5 3 4 3 
Sulfate, rug/1 16 6 12 100 9 110 9 67 
Zinc, mg/! 0.06 0.04 0.09 0.06 0.03 0.03 0.07 0.02 
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PURPOSE 

APPENDIX B 

CHLORINE MINIMIZATION PROGRAM 
FOR ONCE-THROUGH COOLING WATER 

The purpose of chlorine minimization is to reduce the 

discharge of chlorine or its_related compounds to receiving 

waters. This description is intended to explain what a chlorine 

minimization program is and how to develop and implement one. 

Anticipated situational factors and how to approach them are also 

presented. 

BACKGROUND 

Chlorine is commonly added to condenser cooling water 

of steam electric facilities in order to control the growth of 

various organ.Lsms (algae, bacteria, barnacles, clams) that would 

otherwise attach to surfaces in the condenser, cooling towers, or 

to other components of the cooling system and prevent the system 

from functioru.ng properly. 

The attachment of these various organisms to the cool

ing water system is called biofouling. Since the control method 

using chlorine involves creating a residual dose of reactive 

chlorine, some~ of the chlorine used to control biofouling is 

still present when the cooling water is discharged from the 

plant. It is desirable to minimize the discharge of free and 

combined residual chlorine from steam electric powerplants due to 

the toxicity these compounds have on aquatic life. 
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' 
Various powerplants have undertaken some type of pro-

gram to reduce the use of chlorine. The results of these pro

grams indicate that significant chlorine reduction can be 

achieved in many cases. Some of the plants found that chlorina-
1 

tion is not required at all while others have found that the 
I 

amount of chlorine added can be significantly reduced, especially 
I during the winter months. 

GENERAL APPROACH 

In order to determine the minimum amount of chlorine a 

specific powerplant requires, a chlorine minimization study must 

be undertaken. A chlorine minimization study may require up to 

eighteen months. The first step is the selection of the most 

appropriate minimization strategy, which may take up to six 

months. During this period, each of the following three vari

ables is controlled at various levels until the minimum value 

that permits proper plant performance is determined 

1. Dose of chlorine added - where dose is defined as 

the total amount of chlorine added per unit volume 

of cooling water. 

2. Duration of chlorine addition - where duration is 

defined as the length of time between the start 

and end of a single period of chlorine addition. 

3. Frequency of chlorination - where frequency is 

defined as the number of periods of chlorine addi

tion per day or week. 

During the trials of various combinations of dose, 

duration, and frequency, data on plant performance must be 
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collected. These data may include condenser vacuum, generator 

output, and the cooling water temperature rise as well as pres

sure drop across the condenser. The performance data can be 

analyzed to determine ~f proper plant performance is being 

maintained. DLfferent plants will necessarily employ different 

measures of performance to ensure that conditions specific to 

that plant are taken into account. Starting from operational 

practices known to maintain satisfactory performance of the cool

ing system, the systematic approach described in the following 

sections would be used to select the optimum chlorine minimiza

tion strategy. This optimum strategy determines the manner in 

which dose, duzation, and frequency are best varied to maintain 

system performance. 

After the optimal minimization strategy has been deter

mined, a full year of application of the optimal strategy is 

required to define the minimum dose and duration as well as 

optimum frquency to be used during any portion of the year. The 

optimal chlorination procedure will vary with the seasons of the 

year due to changes in the chemical, physical, and biological 

characteristics of the cooling water source. Water temperature 

is an especially important variable, as the growth rate of many 

microorganisms drops rapidly with decreasing water temperature. 

Therefore, many plants have found they do not need to chlorinate 

at all during t:he winter months. 

At the end of a full year of study, the proper chlori

nation proceduie for each season of the year will have been 

defined and the chlorine minimization program will officially 

cease. At this point, the proper chlorination procedure is based 

upon the data collected during the previous years program. Sys

tem performance data must still be collected periodically to 

check the adequacy of the procedure and to enable any needed 

changes to be made. 

B-3 



It is important to mention that plants have some addi-
1 

tional ways of reducing chlorine use besides conducting a formal 

minimization program. For example, chlorine need not always be 

applied to the entire cooling system. Although biological growth 

occurs in all segments of the cooling system, the most sensitive 

portion is usually the condenser. Biological growth in the other 

segments does not generally impair the operation and efficiency 
I 

of the plant with the exception of plants with encrustations of 

macroinvertabrates (barnacles, clams) in the intake system. The 

relocation of the point of chlorine addition to the condenser 

inlet box, providing sufficient mixing of chlorine occurs, can 

result in significant reduction in the quantity of chlorine 

required to achieve the necessary level of free available chlo

rine at the condenser outlet. Chlorine addition, however, is 

required in the cooling water intake structure and other sections 

of the cooling system for plants with macroinvertabrate fouling 

problems. Most experience has demonstrated that the continuous 

application of chlorine is necessary to gain control of both 

larval and adult forms of the macroinvertabrates where they occur 

on the intake structure, intake tunnels, and intake water boxes. 

Chlorine minimization in such instances involves applying chlo

rine only during the growing season and at the lowest concentra

tions necessary to achieve control. Visual inspection is the 

most usual and reliable method of measuring the chlorine effec

tiveness. For new facilities, the option of utilizing heat 

treatment to resolve this problem should be explored. 

Another method of reducing chlorine use that falls out

side the scope of a formal minimization program is the use of a 

mechanical condenser antifouling device (mechanical cleaning). 

Some plants using on-line mechanical cleaning do not chlorinate 

at all; others still require chlorine addition to the critical 
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components of the cooling system. For existing plants, the 

retrofitting of a mechanical cleaning system may be expensive. 

For new plants, costs of a mechanical cleaning system are lower 

since no retrofit is needed. New plants should seriously con

sider the us~: of a condenser mechanical cleaning system. 

SYSTEMATIC APPROACH FOR DETER.."1INING MINIMUM AMOUNT OF 
CHLORINE ADD[TION 

As explained in the preceeding discussion, the control 

variables are~ dose, duration, and frequency. During the optimal 

strategy development stage, these factors must be varied in a 

systematic fashion. Throughout this period the operating inte

grity of the plant must be protected. To accomplish this, plant 

operators will need to establish some absolute means of monitor

ing condenser performance. If at all possible, provisions should 

be made to enable visual inspection of the condenser elements 

following a test period. The actual condition of the sy5tem in 

terms of biofouling can then be directly compared to the indirect 

means of monitoring performance (condenser vacuum, pressure drop, 

etc.). Actual inspection of the condenser or other part of the 

cooling system (which requires plant closure or loading reduc

tion) should not be considered to be a 'routine' method of eval

uating the effectiveness of the chlorine addition program as unit 

downtime to make such inspections is costly and highly undesira

ble from the operator's standpoint. 

cerning 

The following sections provide additional details con

(1) the specific things each plant must be capable of 

in order to conduct a minimization program, (2) the specific 

steps that make up a minimization program, and (3) how a plant 

should use the results of a minimization program to control 

future chlorine use. 
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1. Required Capabilities 

a. A means of measuring the apparent waterside 

condenser tube fouling. This should include 

visual inspections and biofouling sampling at 

some poinc in the test program. Inspection 
' 

should include the condens,er tubes, intake tube 

sheet, water boxes and, if needed, the cooling 

water intake structure. Other measurements may 

be subscituted with caution such as deviation 

from expected condenser vacuum, pressure drop, 

etc. The substitute measurements all have 

serious problems of ambiguity since many 

factors other than biofouling film growth in 

the condenser tubes can affect these 

measurements. 

b. A means of relating the periodic inspection 

result or other measurements to condenser 

performance. 

c. A means of gathering grab samples from con

denser inlet, outlet, and NPDES discharge 

point. 

d. A means of measuring free available chlorine 

(FAC) ru~d total residual chlorine (TRC) on 

samples without delay once collected. The test 

method to be employed is ASTM D 1253 Chlorine 

in Water, Method A, Direct Amperometric 

Titration. 
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e. A means of controlling and measuring with 

appropriate acc~racy the addition of chlorine 

to the cooling water to the unit or condenser 

under study. The arrangement for adding 

chlorine varies considerably from plant to 

plant. The physical differences may influence 

the minimization strategy and may require 

physical modification of the existing system in 

order to properly implement the program. 

f. General chemical analytical capability for 

properties or substances in water. 

g. A means of determining short-term free avail

able chlorine demand of the inlet water either 

in the laboratory or by difference between 

applied chlorine concentration and the free 

available chlorine residual found at the 

condenser inlet. 

2. SpecLfic Steps in a Minimization Program 

a. Establish a baseline of condenser performance 

associated with the condenser for each seasonal 

period of plant operation (winter, summer, 

etc.). This may involve an initial offline 

chemical or mechanical cleaning. It is 

nE~cessary that these baseline conditions be 

used to evaluate the results of the various 

chlorination strategies. Data needed to estab-

1 ish baseline conditions will be available at 

most facilities, and thus, will not require a 

delay in systematic testing of minimization 

strategies. 
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b. Conduct screening tests for a length of time to 

be determined by plant operators. A period of 
I 

two months for each of the strategies tested is 
I 

probably appropriate. Different plant cooling 

water and chlorine feed configurations may 

require alterations in the selection of the 

minimization strategies. Plants with several 

units with similar tube metal, intake water, 
' 

transit times, temperature gradient across the 

condensers and cooling water velocity may allow 

parallel trials of the minimization strategies 

on several units while maintaining other units 

on the dose, frequency and duration found 

effective in past experience. The duration of 
' 

plant chlorination should be restricted to a 

maximum of two hours per day. 

There are three basic ways to institute a 

chlorine minimization program (i) reduce the 

dose, (ii) ~educe the duration, or (iii) change 

the frequency. For many facilities it may be 

desirable to conduct all three alternatives in 

succession prior to selecting the most suit

able. In some cases the operator can choose 

one alternative based on previous experience. 

The three alternative approaches are explained 

in detail as follows: 

(i) Reduction of Dose: Establish a desired 

outlet concentration for TRC. This 

value should be lower than 0.14 mg/l. 
I 

Maintain the frequency and duration 

B-8 



found effective in past experience but 

reduce the dose of chlorine until the 

desired effluent concentration is not 

exceeded. Closely monitor condenser 

performance parameters during this 

period. If the system shows signs of 

biofouling, increase the dose. Test 

periods of about two months should be 

used for evaluating effectiveness of 

each new dose Used. 

(Li) Reduction of Duration Decrease the 

duration of chlorine feed while 

maintaining the dose and frequency found 

effective in past experience. Again, 

test periods of two months are probably 

adequate to evaluate a particular dura

tion strategy. 

(11.i) Change the Frquen<:..Y· Frequency changes 

with the goal of minimization can be 

made in two ways (1) reduce the 

frequency while keeping dose and 

duration at baseline values, or (2) 

increase the frequency but simultane

ously decrease the duration. For 

example, increase frequency from one to 

three times per day while reducing 

duration from one hour to 10 minutes. 

Test periods of two months are probably 

adequate to evaluate a particular 

change in frequency. 
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c. From the short term screening tests, select 
' 

the approach that appears to best fulfill 

the purposes of the chlorine minimization 

program. Using the selected strategy, 

conduct a year-long trial making approprLate 
' 

adjustments in the dose, duraiton, and 

frequency t:o meet the changing intake water 

chlorine demand and biofouling propensity so 

as to maintain acceptable plant performance. 

The entire test program, from start to finish, 
I 

should not require more than 18 months. 

3. Using the Results of the Minimization Program 

a. The information obtained in the 18 month 

chlorine minimization program should serve as 

the guidelines for a permanent chlorination 

procedure. The most successful approach (the 

method that provides for adequate plant 

performance while minimizing chlorine 

discharge) should be implemented. 

b. The implementation program should take into 

account both year-to-year and seasonal varia

tions in water quality. For example, as was 

done in the minimization program, each season 

of the yeac should be approached as a new set 

of operating conditions. Different combina

tions of dose, duration and frequency may be 
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applied in each season. The optimum combina

tions for each season being those defined by 

the chlorine minimizatibn study during that 

season. Long term year to year variations in 

water quality may require changes in dose, 

duration, and frequency not encountered during 

the minimization test program. 

c. Monitoring of condenser performance indicators 

(condenser vacuum, etc.) should continue during 

the 1.mplementation plan. This is necessary to 

prevent serious biofouling (and potential plant 

shutdown) in the event that the influent 

cooling water quality or plant operating 
. 

characteristics undergo a sudden change that 

increases the plant's susceptibility to 

biofouling. 
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APPENDIX C 

STATISTICAL EVALUATION OF CHLORINE MINIMIZATION 
AND DECHLORINATION 

INTRODUCTION 

Chlorine is one of the pollutants identified in the effluent of 
stean electric generating plants. It is used internittently in 
the cooling waters of generating stations to kill organisms which 
interfere with the operation of a plant. Chlorine is added to 
the cooling water in batches at such times as biofouling becomes 
an operational probleM. Because chlorination is a batch process, 
chlorine in a plant's effluent is of concern only during and 
irnnediately after the period of chlorination. 

The effluent guidelines for steam electric plants are to include 
standards for chlorine concentrations. Control options which may 
be applied to reduce effluent chlorine concentrations include 
chlorine minimization (use of the least amount of chlorine needed 
without i~pairing operation of the plant) and dechlorination of 
the effluent. 

Three plants have provided data to EPA on chlorine concentrations 
under no-control, ninimization and dechlorination (where dechlo
rination nay include some level of chlorine minimization as well) 
to the EPA. The purpose of the analysis of this data is to 
describe the perforMance of these treatnent methods, and to 
establish standards for the discharge of chlorine. 

Conclusion 

The analysis performed on this data was to determine linitations 
on the maximum measured concentration. The Agency bases such 
limitations on the 99th percentile of the distribution of daily 
effluent concentrations. The 99th percentile estinates have been 
computed for each plant, ~ithin each level of treatnent. These 
resulting values are the basis for selecting the chlorine 
limitation. (See text for further explanation.) 

Table 1 

Treatment Type: No Controls 
Chlorine Mininization 
Dechlorination 
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TRC (ng/l) 

0.34 
0.20 
0.14 



Descriptive Statistics 
I 

The data are from three steam electric generating plants in 
Michigan and cover the period from January 1977 through December 
1978. The data include periods of no controls on chlorine 
(January-May 1977), chlorine minimization only (June-October 
1977) and dechlorination (November 1977-December 1978). Data 
exist for each plant, for each day on which the plant performed 
chlorination. A single chlorination event is defined as any 
period in which chlorine is added to the cooling waters of a 
steam electric generating plant. For each chlorination event, a 
number of analyses of the effluents is performed. For each 
event, the following aggregate statistics were provided to the 
EPA the number of samples taken, the maximum and minimum value 
of the effluent concentration and the average of th» sample 
values. The number of distinct samples for each chlorination 
event ranges from 1 to over 20, with an average value of 6.2q 
samples/chlorination event. Concentrations of chlorine levels in 
the effluent are reported in milligrams per liter (mg/l) as Total 
Residual Chlorine (TRC). 

Data for the most part, were used as they appeared on the moni
toring reports of the plants. Three data points were deleted 
because they were taken on days of known equipment malfunctions, 
a fourth point was removed because of an apparent reporting error 
(the dates of edited points were 6/1/77, 7/10/77, 9/30/77 and 
10/29/77). The number of chlorination events, for each plant, 
and within each level of tre~tment is reported in table 2. 

Table 2 

The Number of Chlorination Events 

Treatment 
No Controls 
Chlorine Minimization 
Dechlorination 
Total 

Plant 2608 
56 
58 
52 

166 

Plant 2607 
44 
94 

183 
331 

Plant 2603 
103 

87 
261 
451 

The form in which the data were reported (minimum, maximum, aver
age, and number of samples taken), as well as the character of 
the data, limits the kinds of analyses that can be performed on 
this data. Often, observations of pollutant levels are log nor
mally distributed. The chlorine levels for the maximum, minimum 
and average values reflect a high degree of skewness, illumi
nating the fact that this data does not arise from a log normal 
distribution. 
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If the underlying distribution were log normal, it would be a 
truncated log normal, with a large probability mass at zero. In 
table 3, th~ occurrence of the large percentage of zero values is 
made explicit. 

Table 3 
-

_Percentage of Average (X) and Maximum (Max.) 
Values Egualing Zero 

Treatment Plant 2608 Plant 2607 Plant 2603 

% of x % of Max % of x l'o of Max % of x % of Max 

No Controls 3.6 3.6 15.9 15.9 0 0 

Chlorine 
Minimiza- 3.4 0 25.5 1 8 . 1 2.3 2.3 
tion 

Dechlori-
nation 75.0 51 • 9 54.9 49.7 52. 1 51 . 7 

Total 25.9 17.5 41 .4 36.3 30.6 30.4 

Without impol:.ing strict distributional requirements on this data, 
it may be al:.::.erted that the data (both maximum and average 
values) are highly skewed in favor of the lower tail, with the 
level of ske·wness increasing with more stringent controls. His
tograms and plots of the empirical distribution function provide 
evidence of large skewness. The histograms for Plants 2608, 2607 
and 2603 are shown in figures 1, 2 and 3 respectively. Each 
figure consists of six histograms (labeled a through f) as 
follows 

a - Histogram of maxi.mum TRC values with no controls. 

b - Histogram of average TRC values with no controls. 

c - His to gram of maximum TRC values with chlorine 
minimiza ti.on. 

d - Histogram of average TRC values with chlorine 
minimization. 

e - His to gram of maximum TRC values with dechlorination. 

f - His to gram of average TRC values with dechlorination. 
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The empirLcal distribution functions for Plants 2608, 2607 and 
2603 are shown in figures 4, 5 and 6, respectively. Each figure 
consists of six distribution functions (labeled a through f) in 
the same format as the histograJ11s. 

The data were investigated for long term average performance. 
From the information reported by the plant, a weighted mean has 
been computed. This estimate is based on the number of samples 
taken for any single chlorination event, and the average for the 
chlorinat1on event. The mean has been computed for each plant, 
within each level of treatment. 

Table 5 

Weighted Mean 

Treatment 

No Controls 

Chlorine Minimization 

Dechlorination 

Plant 2608 

. 1047 

.0392 

.0080 

TRC (mg/l) 

Plant 2607 

.0264 

.0150 

.0122 

Plant 2603 

. 1459 

.0765 

.0375 

Since the data are reported in this aggregated forrri, the conven
tional estimator of the standard deviation of the chlorine 
measurement can not be applied. Assumed that 

- 2 Var XiJ - cr 

And that the Xi are statistically independent. It follows 
that an unbiase~ estimator of cr2 is 

s2 - { 
where ni = the number of observations for the ith chlorination 
event. Estimates of cr are presented in table 6. 
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EMPIRICAL DISTRIBUTION FUNCTION FOR PLANT 2603 

*P(C) = proportion less than or equalt to concentration C. 
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Treatment 

No Controls 

Chlorine Minuniza tion 

Dechlorinat1 cm 

Table 6 

Standard Deviation 

Plant 2608 

• 7257 

• 1 774 

.091 2 

Pla:1t 2607 

.3834 

.2349 

.2307 

Plant 2603 

.4531 

.2663 

.4218 

The medians and grand means for the results are found in table 7. 

The computat1on for the estimate of the standard deviation is not 
as straight-forward as the mean, because individual sample points 
are not known. For a given plant, let XiJ be the observed 
chlorine concentration for chlorination event i and for J = 1, 2, 
... ni· For each chlorination event, the available data are as 
follows 

1 • The mean TRC concentration of each chlorination event 
(Xi), where the ~ean is calculated using the following 
equation 

x. 
i 

2. The maximum TRC concentration measured during each 
chlorination event (XiJ max). 

3. The minimum TRC concentration measured during each 
chlorination event (XiJ min). 

4. The number of samples collected during each chlorination 
event Cni). 
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Ta~le 7 

Weighted Means and Median of Estim~ted Standard 
Deviation for Treatment Type (Plant Independent) 

Treatment 

No Controls 

Chlorine Minimization 

Dechlorination 

Derivation of Reconrrnended Standards 

Median 

.4531 
I 

.2349 

.2307 

Mean 

.4765 

.2398 

.2972 

A daily maximum permissible value is generally based on estimates 
of the 99th percentile of the distribution of effluent concentra
tions. It is hypothesized that Xii - F0 (F0 is unspeci-
fied). The 99th percentile is detined as x0 such that F0 
(x0 ) = .99 (x0 = F0 -1 [.99]). 

1 X(n ) < x0 where X(n ) 
is tne maximum obser~ation 
for the ith chlorination event. 

0 Otherwise 

It is noted that if X(n ) < x0 , then for that chlorination 
event, all XiJ < x0 • H~nce 

E (Ii) - .99ni 

Xo is estimated for each plant by selecting that value such 
that 

E (~Ii) = E~(Ii) = ~i·99ni 
i i i 

The nearest integer greater than or equal to Ei.99ni is the 
rank of that data value (among the set of maximum values) which 
will be set equal to x0 • Therefore, Ii, defined relative to 
Xo satisfies the condition that Eiii (in expectation) = 
Ei.99ni. The estimation procedure required solving for E~ 
.99ni, ranking the data values within a treatment type and 
within a plant and assigning to x0 , that value whose rank is 
[E1.99ni]. The ranks and the 99th percentile estimates for 
daily maxima appear in table 8 and 9 respectively. 
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Table 8 
Conputation of • 99n i 

Treatment Plant 2608 \ Plant 2607 Plant 2603 -
l 

No Controls 51. 83 40.45 99.27 

Chlorine Minimization 53.40 86.97 83.27 

Dechlorination 49.38 179.32 246.46 

Table 9 

99th Percentile Estinates for a Daily MaxiAum 

Treatnent Plant 2608 Plant 2607 Plant 2603 

No Controls .38 • 30 .34 

Chlorine Minimization .20 .20 .20 

Dechlorination .09 .16 .14 

(IJote that all data points are reported accurately to the second 
decimal place, hence, percentile points based on the observed 
data will be reported as a two digit nu:nber. However, an 
iraproveraent could be nade, albeit slight, if an interpolation 
procedure were applied to the data point associated with the 
observed value of .99n 1 and the adJusted value of that 
quantity.) 

The basis for for~ulating effluent linitations is to use the 
nedians, across plant, of the 99th percentile points. These 
values are reported in table 1. 
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APPENDIX D 

INDUSTRY COMPLIANCE WITH CHLOR!NATION OPTION 

In order to estimate the percentage of chlorinating plants using 
once-through cooling systems that would be able to comply with 
the regulatory option, the available data on previously conducted 
chlorine minimization studies were evaluated. Data are available 
for a total of 25 plants using once-through cooling systems that 
conducted minimization studies. The available data have been 
summarized in Table D-1. The information in the table describes 
the plant structure and plant operating conditions at the 
conclusion of the minimization study. It can be assumed these 
plant operating conditions represent the minimum levels of 
chlorine use achievable at each plant. The table includes such 
information ciS: 

o ·whether the plant is single unit or multiple units 

o The dose of chlorine being applied to the cooling water 
at the conclusion of the minimization study 

o The chlorine concentration found at the condenser outlet 
' 

o The chlorine concentration (either as FAC or TRC) found 
at the plant's discharge point 

o Whether or not the plant dilutes chlorinated cooling 
water with unchlorinated cooling water before samples 
are collected 

o The general quality of the cooling water 

o Whether or not the plant has experienced biofouling 
problems as a result of operating at the point of minimum 
chlorine use 

o The appropriate reference for the data for each plant 

The percentage of plants able to comply with the regulation was 
estimated through a series of steps. First, the data for all 25 
plants were exdmined to determine the number of plants for which 
adequate data was available to be able to determine if that 
particular plant would be able to comply with the regulatory 
option. In many cases, the necessary data are not available. 
The second step was to examine in detail each plant for which 
the required data were available and determine how the plant 
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Table D-1 

SUMMARY OF CHLORINE MINIMIZATION STUDIES AT POWER PLANTS 
USING ONCE-THROUGH COOLING SYSTEMS 

Point 
Plant Nu•ber Chlorine Dosage/Concentration* of \later Quality of Blofoullng 
~ of Unlta ~·all) F>llut~ Cooling Water Proble11a 

Con enser Discharge 
~ Outlet Point 

1 ... 3 HA <0.1 TRC Condenaer Seawater Yea 
2 l ,..7 (HX) NA 0.2-0 9 TRC Condenser Low TDS Ho 
J Hultlple NA 2 FAC (•ax) <DI. Unit Low TDS No 
4 l NA <0 1 TRC <O.l TRC None 8rac1uen ho 
5 1 0.6 NA <O. l TRC Conden11er + Unit Seawater Yea 
6 2 8 (max) 0.8-1 FAC <O.l TRC Condenaer + Unit Seawater No 
1 l NA 0 3-0 5 TRC 0 l TRC Conden11er Seawater No 
g l 0 0 0 None Low TDS No 
9 Hultiple NA NA 0 l FAC Condenter + Unit <500 pp• TDS No 

10 l NA NA 0 1 FAC None <500 pp11 TDS Yu 

11 l J 5 0 1-0 2 FAC <O.l TRC Conden11er + Unit Low TDS No 
12 1 0.6-1 NA 0 1-0 2 FAC None Low TDS No 
13 0.5 NA <0.1 TRC Condenaer llracklsh Yea 
14 Hultiple 3.1 NA 0 2-0 8 TRC Unit NA No 
n - NA NA Nii 0-0 2 TRC NA NA No 
16 NA NA NA 0-0 2 TRC NA NA No 
17 NA NA 0 5 TRC NA NA NA No 
18 NA NA I 0 TRC NA NA NA No 

19 NA NA l 5 TRC NA NA NA No 
20 NA NA l 0 TRC NA Nii NA No 
21 NA NA 0 2 TRC NA NA NA No 

22 NA NA NA >O 4 TRC NA NA No 

23 NA NA NA >O 2 TRC NA NA No 

24 NA NA NA >O 2 TRC NA NA No 
25 NA NA NA 0 2 TRC NA NA No 

*<DL - Le•• then detection li11it 
FAC - Free Av•llable Chlorine 
TRC - Total Residual Chlorine 

NA - Not Available 

Re ferenc111 

Bl, B2 
Bl, 82 
Bl, 112 .. Z2 ... ' 
Bl, B2 
Bl, 82 

Bl' 112 
Bl, 82 
Bl, 112 

Ill ' 92 
Ill • 112 
Bl, 82 
Bl , 82 
Bl , 112 
Ill 

114 
85 
115 
115 
86 
117 
B8 
B8 
89 
BIO 



could achieve compliance with the option. The percentage of 
plants that could achieve compliance und~r the option was then 
calculated by dividing the number of plants found to be able to 
achieve compliance by the total number of plants for which this 
information was available. The result of this calculation is 
that 63% of the plants in the data base are estimated to be able 
to comply with chlorine minimization. 
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