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SECTION VIr

CONTROL AND TREATMENT TECHNOLOGY

This section describes the treatment techniques currently used or
available to remove or recover wastewater.pollutants normally
generated by the nonferrous metals. formtng and metal powders
industrial point source category (hereafter referred to as
nonferrous metals forming). Included are discussions of
individual end-or-pipe treatment technologies and in-plant
technologies. These treatment technologies are widely used
in many industrial categories, . and data and
information t~ support, their ,effectiveness has been drawn
from a similarly wide range of soUrces and data bases.

END-OF-PIPE TREATMENT TECHNOLOGIES

Individual recovery and treatment technologies are described
which are used or are suitable. for _use in treating wastewater
discharges from nonferrous metals forming plants. Each
description includes a functional description and discussion of
application and performance, advantages and limitations,
operational' factors (reliability, maintainability, solid
waste aspects), and demonstration status. The treatment
processes described- include both technologies' presently
demonstrpted within the category, and technologies
demonstrated - in treatment of similar w~stes in other industries.·

Nonferrous metals for~ing wastewaters characteristically may be
acid or alkaline; may contain substantial levels of
dissolved or particulate metals including cadmium, chromium,
copper, l~ad, . nickel, silver, and zinc; may contain
substantial levels of cyanide, ammonia and fl,uc)! ide; may contain
only small or trace amounts o~ toxic organics~ and are generally
free from. stroqg chelating agents. The toxic inorganic
pollutants cbnstitute the most significaritwast~waterpollutants
in this category. Oils and emulsions are also present in waste
streams emanating. fr6m forming' 6perations using neat and
emulsified oil lubricarits. Ammonia is present in wastewater
discharges-associated with some surface treatment operations.

In general, these pollutants are removed by oil
removal (skimming and emulsion breaking), ammonia steam
stripping, hexavalent chromium reduction, chemical precipitation
and sedimentation or filtration. Most of them may be effectively
removed by precipitation of metal hydroxides or carbonates
utilizing the reaction with lime, sodium hydroxide, or sodium
carbonate. For' some, improved remQ0al~: ~re provided by the use
of sodium sulf ide or' fer rQl.;'s· sulf ide to precipitate the
pollutants as sulfide compounds with v¢iy low' solUbilities.
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Discussion of end-of-pipe treatment technologies is divided into
three parts: the major technologies; the effectiveness of major
technologies; and minor end-of-pipe technologies.

MAJOR TECHNOLOGIES

In Sections IX, X, XI, and XII the rationale for selecting
treatment systems is discussed. The individual technologies used
in the system are described here. The major end-of-pipe
technologies for treating nonferrous metals forming wastewaters
are: (1) chemical reduction of chromium, (2) chemical
precipitation, (3) cyanide precipitation, (4) granular bed
filtration, (5) pressure filtration, (6) settling, and (7)
skimming. In practice, precipitation of metals and sett~ing

of the resulting precipitates is often a unified two-step
operation. Suspended solids originally present in raw
wastewaters are not appreciably affected by the precipitation
operation and are removed with the precipitated metals in
the settling operations. Settling operations can be evaluated
independently of hydroxide or other chemical precipitation
operations, but hydroxide and other chemical precipitation
operations can only be evaluated in combination with a
solids removal operation.

1. Chemical Reduction of Chromium

Description of the Process. Reduction is a chemical reaction in
which electrons are transferred to the chemical being reduced
from the chemical initiating the transfer (the reducing agent).
Sulfur dioxide, sodium bisulfite, sodium metabisulfite, and
ferrous sulfate form strong reducing agents in aqueous solution
and are often used in industrial waste treatment- facilities for
the reduction of hexavalent chromium to the trivalent form. The
reduction allows removal of chromium from solution in conjunction
with other metallic salts by alkaline precipitation. Hexavalent
chromium is not precipitated as the hydioxide.

Gaseous sulfur dioxide is a widely used reducing agent and
provides a good example of the chemical reduction process.
Reduction us~ng other reagents is chemically similar. The
reactions involved may be illustrat~d as follows:

3 S02 + 3 H20 -----> 3 H2S03

3 H2S03 +

3H2S032 H2Cr04 -----> Cr2 (S04)3 + 5 H20

The above reaction is favored by low pH. A pH of from 2 to 3 is
'normal for situations requiring complete reduction. 'At pH levels
above 5, the reduction rate is slow. Oxidizing agents such as
dissolved oxygen and ferric iron interfere with the reduction
process by consuming the reducing agent.
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A typical treatment consists of 45 minutes r cLitior:
reaction tank. The reaction tank has 'an electronic recorder­
controller device to control process conditions with respect to
pH and oxidation reduction potential (ORP). Gaseous sulfur
dioxide is metered to the reaction tank to maintain the ORP
within the range of.250 to 300 millivolts .. Sulfuric acid is
added to maintain a pH level of from 1.8 to 2.0. The reaction
tank is equipped with a propeller agitator designed to provide
approximately one turnover per minute. Figure VII-13 shows a
continuous chromium reduction system.

Application and Performance.' Chromium reduction is ·used in
nonferrous metals forming for treating chromium containing
wastewaters such as surface treatment baths and rinses. Astudy
of an operational waste treatment facility chemically reducing
hexavalent chromium has shown that a 99.7 percent reduction
efficiency is easily achieved. Final concentrations of 0.05
mg/l are readily attained, and concentrations of 0.01
mg/l are considered. to be attainable by properly maintained and
operated equipment.

Advantages and Limitations. The major advantage of chemical
reduction to reduce hexavalent chromium is that it is a fully
proven technology based on many years of experience. Operation
at ambient conditions results in minimal energy consumption, and
the process, especially when using sulfur dioxide, is well suited
to automatic control. Furthermore, the equipment is readily
obtainable from many suppliers, and operation is straightforward.

One limitation of chemical reduction of hexavalent chromium is
that for high concentrations of chromium, the cost' of treatment
chemicals may be prohibitive. When this situation occurs, other
treatment techniques are likely to be more economical. Chemical
interference by oxidizing agents is possible in the treatment of
mixed wastes, and the treatment itself may introduce pollutants
if not properly controlled. Storage and handling of sulfur
dioxide is somewhat hazardous.

Operational Factors. Reliability: Maintenance consists of
periodic removal of sludge, the frequency of removal depends on
the input concentrations of detrimental constituents.

Solid Waste Aspects: Pretreatment to eliminate substances which
will interfere with the process may. often be necessary. This
process produces trivalent chromium which can be controlled by
further treatment. However, small amounts of. sludge may be
collected as the result of minor shifts in the solubility of the
contaminants. This sludge can be processed by the main sludge
treatment equipment.

Demonstration Status. The reduction of chromium waste by sulfur
dioxide or sodium bisulfite is a classic process and 1S used by
numerous plants which havp hexavalent chromium compounds in
wastewaters from operations such as electroplating conversion

1313



1314

2. Chemical Precipitation

coating and noncontact cooling. Six nonferrous metals forming
plants reported the use of hexavalent chromium reduction to treat
chromium containing wastewaters.

be used to remove metals either by
a carbonate reagent such as calcium
hydroxides into carbonates using

These treatment chemicals may be added to a flash mixer or rapid
mix tank, to a presettling tank, or directly to a clarifier or
other settling device. Because metal hydroxides tend to be col­
loidal in nature, coagulating agents may also be added to faci­
litate settling. After the solids have been removed, final pH
adjustment may be required to reduce the high pH created by the
alkaline treatment chemicals.

4) Carbonate precipitates may
direct precipitation using
carbonate or by converting
carbon dioxide.

3) Ferrous sulfate, zinc sulfate or both (as is required) may be
used to precipitate cyanide as a ferro or zinc ferricyanide
complex.

1) Alkaline compounds such as lime or sodium hydroxide may be
used to precipitate many toxic metal ions as metal hydroxides.
Lime also may precipitate phosphates as insoluble calcium
phosphate, fluorides as calcium fluoride, and arsenic as calcium
arsenate.

Dissolved toxic metal ions and certain anions may be chemically
precipitated for removal by physical means such as sedimentation,
filtration, or centrifugation. Several reagents are commonly
used to effect this precipitation:

Chemical precipitation as a mechanism for removing metals from
wastewater is a complex process of at least two steps pre­
cipitation of the unwanted metals and removal of the precipitate.
Some very small amount of metal will remain dissolved in the
wastewater after precipitation is complete. The amount of
residual dissolved metal depends on the treatment chemicals
used and related factors. The effectiveness of this method of
removing any specific metal depends on the fraction of the
specific metal in the raw waste (and hence in the
precipitate) and the effectiveness of suspended solids
removal. In specific instances, a sacrifical ion such as iron
or aluminum may be added to aid in the removal of toxic
metals by co-precipitation.

Application and Performance. Chemical precipitation is used in
nonferrous metals forming for precipitation of dissolved metals.
It can be used to remove metal ions such as antimony,

2) Both "soluble" sulfides such as hydrogen sulfide or sodium
sulfide and "insoluble" sulfides such as ferrous sulfide may be
used to precipitate many heavy metal ions as metal sulfides.
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4. Effective removal of precipitated solids (see appropriate
solids removal technologies).

1. Maintenance of an appropriate :(lisuallyalkaline) pH throughout
the precipitation reaction and subsequent settling;

as
of

ions (such
and removal

3. Addition of an adequate supply of sacrifical
iron or aluminum) to ensure precipitation
specific target ions; and

This treatment system uses lime precipitation (pH adjustment)
followed by coagulant addition and sedimentation. Samples were
taken before (in) and after (o~t) the treatment system. The best
treatment for removal of copper and zinc was achieved on day one,
when the pH was maintained at a satisfactory level. The poorest
treatment was found on the second day, when the pH slipped to an
unacceptably low level; intermediate values were achieved on the
third day, when pH values were 1~~3 than desirable but in between
those for the first and seco~u days.

2. Addition of a sufficient excess of treatment ions to drive the
precipitation reaction to completion.;

Control of E!!.. Irrespective of the solids removal technology
employed, proper control of pH is absolutely essential for
favorable performance of precipitation-sedimentation
technologies. This is clearly illustrated by solubility curve,s
for selected metals hydroxides and sulfides shown in Figure VII-l
and by plotting effluent zinc concentrations against pH as
shown in Figure VII-3. Figure VII-3 ~as obtained from
Development Document for' the' Proposed Effluent Limitations
Guidelines and New Source Performance Standards for the Zinc
Segment of ~onIerrous Metals Manufacturing pOInt ---Source
Category, U.S.E.P.A., EPA 440/l-74/033, November, 1974. Figure
VII-3 was plotted from the sampling data from several facilities
with metal finishing operations. It is partially illustrated by
data obtained from 3 consecutive days of sampling at one metal
processing plant (47432) as displayed in Table VII-l. Flow
through this system is approximately 49,263 l/hr (13,000
gal/hr) .

The performance of chemical precipitation depends on several
variables. The more important factors 'affecting precipitation
effectiveness are: '

arsenic, beryllium, cadmium, chr0mlU~, copper, lead,
mercury, nickel, selenium, silver, zinc, arun: .. , cob,·'"',
columbium, gold, hafnium, iron, mangane~2, ffiv'lybden,.::l,
tantalum, tin, tungsten, vanadium and zirconium. The proce~s

is also applicable to any subst'ancethat can be
transformed into an insoluble form such as fluorides, phosphates,
soaps, sulfides and others. 'Because it is simple and effective,
chemical precipitation is extensively used for industrial waste
treatment.



Sodium hydroxide is used by another facility (plant 439) for
pH adjustment and chemical precipitation, followed by
settling (sedimentation and a polishing lagoon) of precipitated
solids. Samples were taken prior to caustic addition and.
following the polishing lagoon. Flow through the system is
approximately 22,700 l/hr (6,000 gal/hr). These data displayed
in Table VII-2 indicate t~at the system was operated
efficiently. Effluent pH was controlled within the range of 8.6
to 9.3, and, while raw waste loadings were not unusually high,
most toxic metals were removed to very low concentrations.

Lime and sodium hydroxide (combined) are sometimes used to
precipitate metals. Data developed from plant 40063, a facility
with a metal bearing wastew~ter, exemplify efficient operation of
a chemical precipitation and settling system. Table'VII-3 shows
sampling data from this system, which uses lime .and sodium
hydroxide for pH adjustment, chemical precipitation,
polyelectrolyte flocculant addition, and sedimentation. Samples
were taken of the raw waste influent to the system and of the
clarifier effluent. Flow through the system is approximately
19,000 l/hr (5,000 gal/hr).

At this plant, effluent TSS levels were below 15 mg/l on each
day, despite average raw waste TSS concentrations of, over 3500
mg/l. Effluent pH was maintained at approximately 8, lime
addition was sufficient to precipitate the dissolved metal ions,
and the flocculant addition and clarifier retention served to
remove effectively the precipitated solids. '

Sulfide precipitation is sometimes used to precipitate metals
resulting in improved metals removals. Most metal sulfides are
less soluble than hydroxides, and the precipitates are frequently
more dependably removed from water. Solubilities for selected
metal hydroxide, carbonate and sulfide precipitates are shown in
Table VII-4. (Source: Lange's Handbook of Chemistry).
Sulfide precipitation is particularly effective in removing
specific metals such as silver and mercury. Sampling data
from three industrial plants using sulfide precipitation
appear in Table VII-5. In all cases except iron, effluent
concentrations are below 0.1 mg/l and in many cases below
0.01 mg/l for the three plants studied.

Sampling data from several chlorine-caustic manufacturing plants
using sulfide precipitation demonstrate effluent mercury
concentrations varying between 0.009 and 0.03 mg/l. Ns shown in
Figure VII-l, the solubilities of PbS and A92S are lower
at alkaline pH levels than either the corresponding hydroxides
or other sulfide compounds. This implies that removal
performance for lead and silver sulfides should be comparable to
or better than that for the metal hydroxides. Bench scale tests
on several types of metal finishing and manufacturing
wastewater indicate that metals removal to levels of less than
0.05 mg/l and in some cases less than 0.01 mg/l are common
in systems using sulfide precipitation followed by clarification.
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Carbonate precipitation is sometimes used to precipitate metals,
especially where precipitated metals values are to be recovered.
The solubility of most metal carbonates is intermediate between
hydroxide and sulfide solub~litiesi in addition, carbonates form
easily filtered precipitates.

Some of the bench scale data, particularly in the c' or le~·-~,

do not suppor t such low effluent concen tra t : :Jns ;:-10\'"':':'''

lead is consistently removed to very low levels (less than
0.02 mg/l) in systems using hydroxide and . carbonate
precipitation and sedime~tation.

the minimum
for sulfide
are· used to

precipi ta t iorl-

Carbonate ions appear to be particularly useful in precipitating
lead and antimony. Sodium carbonate has been observed being
added at treatment to improve lead precipitation and removal in
some industrial plants. The lead hydroxide and lead carbonate
solubility curves displayed in Figure VII-2 (IlHeavy Metals
Removal, II by Kenneth Lanovette, Chemical
Engineering/Deskbook Issue, October 17, 1977) explain this
phenomenon.

Based on the available data, Table VII-6 shows
reliably attainable effluent concentrations
precipitation-sedimentation systems. These values
calculate performance predictions of sulfide
sedimentation systems.

Cr03 + FeS + 3H20 ----> Fe(OH)3 ~ Cr(OH)3 + S

The sludge produced in this reaction consists mainly of ferric
hydroxides, chrom~c hydroxides, and various metallic sulf~des.

Some excess hydroxyl ions are generated in this process, possibly
requiring a downward re-adjustment of pH~

co-precipitation with Iron. The presence of substantial
quantites of iron in metal bearing wastewaters before treatment
has been shown to improve the removal of toxic metals. In some
cases this iron is an integral part of the industrial wastewater;
in other cases iron is deliberately added as a preliminary
treatment or first step of treatment. The iron functions to
improve toxic metal removal by three mechanisms: the iron co­
precipitates with toxic metals forming a stable precipitate
which desolubilizes the toxic metal; the iron improves the
settleability of the precipitate; and the large amount of iron
reduces the fraction of toxic metal in the precipitate. Co­
precipitation with iron has been practiced for many years
incidentally when iron was a substantial consitutent of raw
wastewater and intentionally when iron salts were . added as a

Of particular interest is the ability of sulfide to precipitate
hexavalent chromium (Cr+6) without prior ~eduction to the tri­
valent state as is required in the hyd'roxide process. When
ferrous sulfide is used as the precipitant, iron and sulfide act
as reducing agents for the hexavalent chromium accor'di.ng to the
reaction:
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Co-precipitation using large amounts of ferrous iron salts is
known as ferrite co-precipitation because magnetic iron oxide or
ferrite is formed. The addition of ferrous salts (sulfate) is
followed by alkali precipitation and air oxidation. The
resultant precipitate is easily removed by filtration and may be
removed magnetically. Data illustrating the performance of
ferrite co-precipitation is shown in Table VII-7.

Advantages and Limitations. Chemical precipitation has proved to
be an effective technique for removing many pollutants from
industrial wastewater. It operates at ambient conditions and is
well suited to automatic control. The use of chemical
precipitation may be limited because of interference by chelating
agents, because of possible chemical interference with mixed
wastewaters and treatment chemicals, or because of the
potentially hazardous situation involved with the storage and
handlipg of those chemicals. Nonferrous metals forming
wastewaters do not normally contain chelating agents or
complex pollutant matrix formations which would interfere with or
limit the use of chemical precipitation. Lime is usually
added as a slurry when used in hydroxide precipitation. The
slurry must be kept well mixed and the addition lines
periodically checked to prevent blocking of the lines, which may
result from a buildup of solids. Also, lime precipitation
usually makes recovery of the precipitated metals
difficult, because of the heterogeneous nature of most lime
sludges.

Aluminum or mixed iron-aluminum salt also have
addition of iron for co-precipitation to aid in
removal is considered a routine part of
lime and settle technology which should b~

required to achieve optimal removal of toxic

coagulant aid.
been used. The
toxic metals
state-of-the-art
implemented as
metals.

The major advantage of the sulfide precipitation process is that
the extremely low solubility of most metal sulfides promotes very
high metal removal efficiencies; the sulfide process also has the
ability to remove chromates and dichromates without preliminary
reduction of the chromium to its trivalent state. In addition,
sulfide ca~ precipitate metals complexed with most complexing
agents. The process demands care, however, in maintaining the pH
of the solution at approximately 10 in order to restrict the gen­
eration of toxic hydrogen sulfide gas. For this reason,
ventilation of the treatment tanks may be a necessary precaution
in most installations. The use of insoluble sulfides reduces the
problem of hydrogen sulfide evolution. As with hydroxide
precipitation, excess sulfide ion must be present to drive the
precipitation reaction to completion. Since the sulfide ion
itself is toxic, sulfide addition must be carefully controlled to
maximize heavy metals precipitation with a minimum of excess
sulfide to avoid the necessity of post treatment. At very high
excess sulfide levels and high pH, soluble mercury-sulfide
compounds may also be formed. Where excess sulfide is present,
aeration of the effluent stream can aid in oxidizing residual
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Solid Waste Aspects: Solids which precipitate out are removed in
a subsequent treatment step. Ultimately, these solids require
proper disposal.

Maintainability: The major maintenance needs involve periodic
upkeep of monitoring equipment, automatic feeding equipment,
mixing equipment, and other hardware. Removal of accumulated
sludge is necessary for efficient operation of precipitation­
sedimentation systems.

Reliability: Alkaline chemical
reliable, although proper monitoring and
Sulfide precipitation systems provide

Demonstration Status .. Chemical precipitation of metal hydroxides
is a classic waste treatment technology used by most industrial
waste treatment systems. Chemical precipitation of some metals,
in particular lead and antimony, in the carbonate form has
been found to be feasible and is commercially used to permit
metals recovery and water reuse. Full scale commercial
sulfide precipitation units are in operation at numerous
installations. As noted earlier, sedimentation to remove
precipitates is discussed separately. '

Use in Nonferrous Metals Forming ?lants. Forty-six nonferrous
metals forming plants currently operate chemical precipitation
(lime or caustic systems). The quality of treatment provided,
however, is variable. A review of collected data and on-site
observations reveals that control of system parameters is often
poor. Where precipitates are removed by clarification,
retention times are likely to be short and cleaning and
maint~nance questionable. Sjm11arly, pH control is frequently
inadequate. As a result of these factors, effluent performance

Operational Factors.
precipitation is highly
control are required.
similar reliability.

Sulfide precipitation may be used as a polishing treatment after
hydroxide precipitation-sedimentatiorr. This treatment
configuration may provide the better treatment effectiveness of
sulfide precipitation while minimizing the variability caused by
changes in ,raw waste and reduting the amount of sulfide
precipitant required. Sulfide is also effective as a
pretreatment technology before lime and settle to remove specific
pollutants such as chromium.

sulfide to the less harmful sodium sulfate (N22S04)' i2-

cost of sulf ide precipi tants is high in C':,.O :,' -' ::>on
hydroxide precipitants, and disposal of metallic sulfide sludges
may pose problems. An essential element in' effective"
sulfide precipitation is the removal of precipitated solids
from the wastewater and proper disposal in' an appropriate
site. Sulfide precipitation will also generate a higher volume
of sludge than hydroxide precipitation, resulting in
higher disposal and dewatering ~osts~ This is especially true
when ferrous sulfide is used as the precipitant.



at nonferrous metals forming plants nominally practicing the
same wastewater treatment is observed to vary widely.

3. Cyanide Precipitation

Cyanide precipitation, although a method for treating cyanide in
wastewaters, does not destroy cyanide. The cyanide is retained
in the sludge that is formed. Reports indicate that during
exposure to sunlight, the cyanide complexes can break down and
form free cyanide. For this reason, the sludge from this
treatment method must be disposed of carefully.

Cyanide may be precipitated and settled out of wastewaters by the
addition of zinc sulfate or ferrous sulfate. In the presence of
iron, cyanide will form extremely stable cyanide complexes. The
addition of zinc sulfate or ferrous sulfate forms zinc
ferrocyanide or ferro and ferricyanide complexes.

Adequate removal of the precipitated cyanide requires,that the pH
must be kept at 9.0 and an appropriate retention time be
maintained. A study has shown that the formation of the complex
is very dependent on pH. At a pH of either 8 or 10, the residual
cyanide concentration measured is twice that of the same reaction
carried out at a pH of 9. Removal efficiencies also depend
heavily on the retention time allowed. The formation of the
complexes takes place rather slowly. Depending upon the excess
amount of zinc sulfate or ferrous sulfate added, at least a 30
minute retention time should be allowed for the formation of the
cyanide complex before continuing on to the clarification stage.

One experiment with an initial concentration of 10' mg/l of
cyanide showed that 98 percent of the cyanide was complexed ten
minutes after the addition of ferrous sulfate at twice the
theoretical amount necessary. Interference from other metal
ions, such as cadmium, might result in the need for longer
retention times.

Table VII-8 presents cyanide precipitation data from three
coil coating plants. A fourth plant was visited for the
purpose of observing plant testing of the cyanide precipitation
system. Specific data from this facility are not included
because: (1) the pH was usually well below the ,optimum level of
9.0; (2) the historical treatment data were 'hot obtained using
the standard cyanide analysis procedure; and (3) matched input­
output data were not made available by the plant. Scanning the
available data indicates that the raw waste CN level was in the
range of 25.0; the pH 7.5; and treated CN level was ,from 0.1 to
0.2.

The concentrations shown on Table VII-8 are those of the stream
entering and leaving the treatment system. Plant 1057
allowed a 27-minute retention time for the formation of the
complex. The retention time for the other plants is not
known. The data suggest that over a wide range of cyanide

1320



1321

concentratioh in the raw waste, the concen~:at~0~ of
cyanide can be reduced in the effluent stream to Lll- ,li. J.'.)

Advantages and Limitations. Cyanide p~ecipitation is an
inexpensive method of treating cyanide. Problems may o~cur when
metal ions interfere with the formation of the compiexes.

Granular Bed Filtration4.

The flow pattern is usually top-t0-bottom, but.othei patterns are
sometimes used. Upflow fillers are sometimes used, and ina.
horizontal filter the flow is horizontal. In a biflow filter,

A filter may use a single medium,such as sand or diatomaceous
earth, but dual and mixed (multiple) media filters allow higher
flow rates and efficiencies. Figure VII-32 shows five different
filter configurations. The dual media filter usually consists
of a fine bed of sand under a coarser bed of anthracite ·coal.
The coarse coal removes most of the influent solids, while the
fine sand performs a polishing function. At the end of the
backwash, the fine sand settles to the bottom because it is
denser than the coal, and the filter is ready for normal
operation. The mixed media filter operates on the same
principle, with the finer, denser media at the bottom and the
coarser, less dense media at the top. The usual arrangement is
garnet at the bottom (outlet end) of the bed, sand in the middle,
and anthracite coal at the top. Some mixing of these layers
occurs and is, in fact, desirable.

Application and Performance. Cyanide precipitation can be used
when cyanide destruction is not feasible because of the presence
of cyanide complexes which are difficult, to destroy. Effluent
concentrations of cyanide well below 0.15 mg/lare possible.

Filtrati6n occurs in nature as the surface and ground
waters are cleansed by sarid. Silica sand, anthracite coal, and
garnet are common filter, media used in water' treatment
plants. These are usually supported by gravel. The media may be
used singly or in combination. The multimedia filters may be
arranged to maintain relatively distinct layers by, virtue of
balancing the forces of gravity, flow, and'buoyancy on the
individual particles. This is accomplished by selecting
appropriate filter flow rates (gpm/sq-ft), media grain size, and
density. '

Granular b~d filters may be classified in terms of filtration
rate, filter media, flow pattern, or method of pressurization.
Traditional rate classifications are slow sand, rapid sand,' and
high rate mixed media. In the slow sand filter, flux or
hydraulic loading is relatively low, ,and removal of collected
solids to clean the filter is therefore relatively infrequent,.
The filter is often cleaned by scraping off the inlet face (top)
of the sand bed. In the higher rate filters, cleaning is
frequent and is accomplished by a periodic backw~sh, opposite to
the direction of normal flow.



the influent enters both the top and the bottom and exits
laterally. The advantage of an upflow filter is that with an
upflow backwash, the particles of a single filter medium are
distributed and maintained in the desired coarse-to-fine (bottom­
to-top) arrangement. The disadvantage is that the bed tends to
become fluidized, which ruins filtration efficiency. The biflow
design is an attempt to overcome this problem.

The classic granular bed filter operates by gravity flow;
however, pressure filters are fairly widely useq. They permit
higher solids loadings before cleaning and are advantageous when
the filter effluent must be pressurized for further downstream
treatment. In addition, pressure filter systems are often less
costly for low to moderate flow rates.

Figure VII-14 depicts a high rate, dual media, gravity downflow
granular bed filter, with self-stored backwash. Both filtrate
and backwash are piped around the bed in an arrangement that
permits gravity upflow of the backwash, with the stored
filtrate serving as backwash. Addition of the indicated
coagulant and polyelectrolyte usually results in a substantial
improvement in filter performance.

Auxilliary filter cleaning is sometimes employed in the upper few
inches of filter beds. This is conventionally referred to as
surface wash and is accomplished by water jets just below the
surface of the expanded bed during the backwash cycle. These
jets enhance the scouring action in the bed by increasing the
agitation.

An important feature for successful filtration and backwashing is
the underdrain. This is the support structure for the bed. The
underdrain provides an area for collection of the filtered water
without clogging from either the filtered solids or the media
grains. In addition, the underdrain prevents loss of the media
with the water, and during the backwash cycle it provides even
flow distribution over the bed. Failure to dissipate the
velocity head during the filter or backwash cycle will result in
bed upset and the need for major repairs.

Several standard approaches are employed for filter underdrains.
The simplest one consists of a parallel porous pipe imbedded
under a layer of coarse gravel and attached via a manifold to a
header pipe for effluent removal. Other approaches to the
underdrain system are known as the Leopold and Wheeler filter
bottoms. Both of these incorporate false concrete bottoms
with specific porosity configurations to' provide drainage and
velocity head dissipation.

Filter system operation may be manual or automatic. The filter
backwash cycle may be on a timed basis, a pressure drop basis
with a terminal value which triggers backwash, or a solids carry­
over basis from turbidity monitoring of the outlet stream. All
of these schemes have been used successfully.

1322



Maintainability: Deep bed filters may be operated with either
manual or automatic backwash. In either case, they must be
periodically inspected for media attrition, partial plugging, and
leakage. Where backwashing is not used, collected solids must be
removed by shoveling, and filter media must be at least partially
replaced.

Suspended solids are commonly removed from wastewater streams by
filtering through a deep 0.3-0.9 m (1~3 feet), granular· filter
bed. The porous bed formed by the granu~ar media can be designed
to remove practically all s~spended particles. Even colloidal
suspensions (roughly 1 to 100 microns) are adsorbed on the
surface of the media grains as they pass in close ~roximi~y in
the narrow bed passages.

Application and Performance. Wastew~t~r treatment plants often
use granular bed filters for polishing after clarification,
sedimentation, or other similar operations. Granular bed
filtration thus has potential application to nearly all
industrial plants. Chemical additives which enhance the upstream
treatment equipment mayor may not be compatible with or enhance
the filtration process. Normal operating flow rates for various
types of filters are:

Slow Sand 2.04 - 5.3b l/~q m-hr

Rapid Sand 40.74 - 51.48 l/sq m-hr

High Rate Mixed Media 81.48 - 122.22 l/sq m-hr

Aspects: Filter' backwash is ,generally recycled
wastewater treatment system, so that the solids
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Properly operated filters following some pretreatment to reduce
suspended' solids below 200 mg/l should produce water with less
than 10 mg/l TSS. For example, multimedia filters produced the
effluent qualities shown in Table VII-9~

Advantages and Limitations. The principal advantages of granula'r
bed filtration are its comparatively (to other filters) low
initial and operating costs, reduced land requirements over other
methods to achieve the same level of solids removal, and
elimination of chemical additions to the discharge stream.
However, the filter may require pretreatment if the solids level
is high (over 100 mg/l). Operator training must be somewhat
extensive due to the controls and periodic backwashing involved,
and backwash must be' stored and dewatered for economical
disposal.

Operational Factors. Reliability: The recent improvements in
filter technology have significantly improved filtration
reliability. Control systems, improved designs, and good
operating procedures have made filtration a highly reliable
method of water treatment.

Solid Waste
within the
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5. Pressure Filtration

In a typical pressure filter, chemically preconditioned sludge
detained in the unit for one to three hours under pressures
varying from 5 to 13 atmospheres exhibited final solids content
between 25 and 50 percent.

filtration works by pumping the liquid through a filter
which is impenetrable to the solid phase •. The positive

exerted by the feed pumps or other mechanical means
the pressure differential which is the principal driving
Figure VII-IS ) represents the operation qf one type of

filter.

Pressure
material
pressure
provides
force.
pressure

A typical pressure filtration unit consists of a number of plates
or trays which are held rigidly in a frame to ensure alignment
and which are pressed together between a fixed end and a
traveling end. On the surface of each plate, a filter made of
cloth or synthetic fiber is mounted. The feed stream is pumped
into the unit and passes through holes in the trays along the
length of the press until the cavities or chambers between the
trays are completely filled. The solids are then entrapped, and
a cake begins to form on the surface of the filter material. The
water passes through the fibers, and the solids are retained.

At the bottom of the trays are drainage ports. The filtrate is
collected and discharged to a common drain. As the filter medium
becomes coated with sludge, the flow of filtrate through the
filter drops sharply, indicating that the capacity of the filter
has been exhausted. The unit must then be cleaned of the sludge.
After the cleaning or replacement of the filter media, the unit
is again ready for operation.

Demonstration Status. Deep bed filters are in common use in
municipal treatment plants. Their use in polishing industrial
clarifier effluent is increasing, and the technology is proven
and conventional. As noted previously, however, little
data is available characterizing the effectiveness of filters
presently in use within the industry. One nonferrous metals
forming plant has granular media filtration in place.

ultimately appear in the clarifier sludge stream for subsequent
dewatering. Alternatively, the backwash stream may be dewatered
directly or, if there is no backwash, the collected solids may be
disposed of in a suitable landfill. In either of these
situations there is a solids disposal problem similar to that of
clarifiers.

Application and Performance. Pressure filtration is used in
nonferrous metals forming plants for sludge dewatering and also
for direct removal of precipitated and other suspended
solids from wastewater. Because dewatering is such a common
operation in treatment systems, pressure filtration is a
technique which can be found in many industries concerned with
removing solids from their waste stream.
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Demonstration Status. Pressure filtration is a commonly used
technology in a great many commercial applications.

For larger operations, the relatively high space requirements, as
compared to those of a centrifuge, could be prohibitive in some
situations.

in the past
and lack of

the first
feeding and

6. Settling

Settling is a process which removes solid particles from a liquid
matrix by gravitational force. ThlS is done by reducing the
velocity of the feed stream in a large volume tank or lagoon so

Solid Waste Aspects: Because it is generally drier than other
types of sludges, the filter sludge cake can be handled with
relative ease. The accumulated sludge may be disposed by any of
the accepted procedures depending on its chemical composition.
The levels of toxic metals present in sludge from treating
nonferrous metals forming wastewater necessitate proper disposal.

Maintainability: Maintenance consists of periodic cleaning or
replacement of the filter media, drainage grids, drainage piping,
filter pans, and other parts of the system. If the removal of
the sludge cake is not automated, additional time is required for
this operation.

Operational Factors. Reliability: With proper pretreatment,
design, and control, pressure filtration is a highly dependable
system.

As a primary solids removal technique, pressure filtration
requires less space than clarification and is well suited to
streams with high solids loadings. The sludge produced may be
disposed without further dewatering, but the amount of sludge is
increased by the use of filter precoat materials (usually
diatomaceous earth). Also, cloth pressure filters 6ften do not
achieve as high a degree of effluent clarification as clarifiers
or granular media filters.

Advantages and Limitations. The pressures w~ich may be applied
to a sludge for removal of water by filter presses that are
currently available range from 5 to 13 atmospheres. As a result,
pressure filtration may reduce the amount of chemical
pretreatment required for sludge dewatering. Sludge retained in
the form of the filter cake has a higher percentage of solids
than that from centrifuge or vacuum filter. Thus, it can be
easily accommodated by materials handling systems.

Two disadvantages associated with pressure filtration
have been the short life of the filter cloths
automation. New synthetic fibers have largely offs~t

of these problems. Also, units with automatic
pressing cycles are now available.



that gravitational settling can occur.· Figure VII-16 shows two
typical settling devices.

Settling is often preceded by chemical precipitation which
converts dissolved pollutants to solid form and by coagulation
which enhances settling by coagulating suspended precipitates
into larger, faster settling particles.

If no chemical pretreatment is used, the wastewater is fed into a
tank or lagoon where it loses velocity and the suspended solids
are allowed to settle out. Long retention times are generally
required. Accumulated sludge can be collected either
periodically or continuously and either manually or mechanically.
Simple settling, however, may require excessively large
catchments, and long retention times (days as compared .with
hours) to achieve high removal efficiencies. Because of this,
addition of settling aids such as alum or polymeric flocculants
is often economically attractive.

In practice, chemical precipitation often precede~ settling, and
inorganic coagulants or polyelectrolytic flocculants are usually
added as well. Common coagulants include sodium sulfate, sodium
aluminate, ferrous or ferric sulfate, and ferric chloride.
Organic polyelectrolytes vary in structure, but all usually form
larger floc particles than coagulants used alone.

Following this pretreatment, the wastewater can be fed into a
holding tank or lagoon for settling, but is more of~en piped into
a clarifier for the same purpose. A clarifier: reduces space
requirements, reduces retention time, and increases solids
removal efficiency. Conventional clarifiers generally consist of
a circular or rectangular tank with a mechanical sludge
collecting device or with a sloping funnel-shaped bottom designed
for sludge collection. In advanced settling devices, inclined
plates, slanted tubes, or a lamellar network may be included
within the clarifier tank in order to increase the effective
settling area, increasing capacity. A fraction of the sludge
stream is often recirculated to the inlet, promoting formation of
a denser sludge.

Settling is based on the ability of gravity (Newton's Law) to
cause small particles to fall or settle (Stokes' Law) through the
fluid they are suspended in. Presuming that the factors
affecting chemical precipitation are controlled to achieve a
readily settleable precipitate, the principal factors controlling
settling are the particle characteristics and the upf10w rate of
the suspending fluid. When the effective settling area is great
enough to allow settling, any increase in the effeqtive settling
area will produce no increase in solids removal.

Therefore, if a plant has installed equipment that provides the
appropriate overflow rate, the precipitated metals in the
effluent can be effectively removed. The number of settling
devices operated in series or in parallel by a facility is not
important with regard to suspended solids removal; rather it
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is important that the settling devices provide sufficient
effective settling area.

Another important facet of' sedimentation . theory is that
diminishing removal of' suspended solids· is achieved for a unit
increase in the €ffective settling area. Generally, it has" been
found that suspended solids removal performance varies with the
effective up~flow rate. Qualitatively the performance increases
asymptotically to a maximum level beyond which a decrease in up­
flow rate provides incrementally insignificant increases in
removal. This maximum level i~ dictated by particle size
distribution, density characteristic of the particles and the
water matrix, chemicals used for precipitation and pH at
which precipit~tion occurs.

Application and Performance. Settling or clarification. is used
in the nonferrous metals forming category to remove
precipitated metals. Settling can be "used to remove most
suspended solids in a particular waste stream; thus it is
used extensively by many different industrial waste treatment
facilities. Because most metal ion pollutants are readily
converted to solid metal hydroxide precipitates; settling is
of particular use in those industries associated with metal
production, metal finishing, metal working, and any other
industry with high concentrations of metal ions in· their
wastewaters. In addition to toxic metals, suitably
precipitated materials effectively removed by settling include
aluminum, iron, manganes~, cobalt, molybdenum, fluoride,
phosphate, and many others.

A pr"operly operating settling system can efficiently remove
suspended solids, precipitated metal hydroxides, and other
impurities from wastewater. The performance of the process
depends on a variety of factors, including the density and
particle size of the solids, the effec~ive charge on the
suspended particles, and the types of chemicals used in
pretreatment. The site of flocculant or coagulant addition also
may significantly influence the effectiveness· of clarification.
If the flocculant is subjected to too much mixing before entering
the clarifier, the complexes may be sheared and the settling
effectiveness diminished. At the same time, the flocculant must
have sufficient mixing and reaction time ·in order for effective
set-up and settling to occur. Plant personnel" have observed that
the line or trough leading into the clarifier is often the most
efficient site for flocculant addition. The performance of
simple settling 1s a function of the retention time, particle
size and density, and the surface area of the basin.

The data displayed in Table VII-IO indicate suspended solids
removal efficiencies in settling systems. The mean
effluent TSS concentration obtained by the plants shown in Table
VII-IO is 10.1 mg/I. Influent concentrations averaged 838 .mg/l.
The maximum effluent TSS value re~~rted is 23 mg/l. These plants
all use alkaline pH adjustment to precipitate metal hydroxides,
and most add a coagulant or flocculant prior to settling.
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Advantages and Limitations. The major advantage of simple
settling is--rts simplicity as demonstrated by the gravitational
settling of solid particulate waste in a holding tank or lagoon.
The majQr problem with simpl~ settling is the long retention time
necess~ry to achieve complete settling, especially if the
specific gravity of the suspended matter is close to that of
water. Some materials cannot be practically removed by simple
settling alone.

Settling performed in a clarifier is effective in removing slow­
settling suspended matter in a shorter time and in less space
than a simple settling system. Also, effluent quality is often
better from a clarifier. The cost of installing and maintaining
a clarifier, however, is substantially greater than the costs
associated with simple settling.

Inclined plate, slant tube, and lamella settlers have even higher
removal efficiencies than conventional clarifiers,' and greater
capacities per unit area are possible. Installed costs for these
advanced clarification systems are claimed to be one half the
cost of conventional systems of similar capacity.

Operational Factors. Reliability: Settling can be a highly
reliable technology for removing suspended solids. Sufficient
retention time and regular sludge removal are important factors
affecting the reliability of all settling systems. Proper
control of pH adjustment, chemical precipitation, and coagulant
or flocculant addition are additional factors affecting settling
efficiencies in systems (frequently clarifiers) where these
methods are used.

Those advanced settlers using slanted tubes, inclined plates, or
a lamellar network may require pre-screening of the waste in
order to eliminate any fibrous materials which could potentially
clog the system. Some installations are especially vulnerable to
shock loadings, as from storm water runoff, but proper system
design will prevent this.

Maintainability: When clarifiers or other advanced settling
devices are used, the associated system utilized for chemical
pretreatment and sludge dragout must be maintained on a regular
basis. Routine maintenance of mechanical parts is also
necessary. Lagoons require little. maintenance other than
periodic sludge removal.

Demonstration Status. Settling represents the typical method of
solids removal and is employed extensively 1n industrial waste
treatment. The advanced clarifiers are just beginning to appear
in significant numbers in commercial applications. Seventy-five
nonferrous metals forming plants currently operate sedimentation
or clarification systems.'
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7. Skimming

Pollutants with a specific gravit~ le~s than wate~ will often
float unassisited to the' surface' of'the wastewater. Skimming
removes these floating wastes. Skimming normally takes place 1n
a tank designed to allow the floating debris to rise and remain
on the surf.ace, while the liquid 'flows tb an outlet located below
the floating layer. Skimming devices' are the,reforesui ted to the
removal of non-emulsified oils froin raw waste streams. Comm~:>n

skimming mechanisms include the :rotating drum type, which picks
up oil from the surface of the-w~ter as ,it rotates:' A doctor
blade' scrapes oil from the drum andcdllects it in a trough for
disposal or reuse. The water portion is allowed to' flow under
the rotating' drum. Occasionally, an und~rllow· baffle is
installed after the drum; this has the advantage of retaining any
floating oil which escapes the drum skimmer. The belt type
skimmer is pUlled vertically through the water", collecting oil
which is scraped off fro~ the surface and collected in a' dium.
Gravity se'parators' (s'ee Figure VII-33), suCh as 'the API type,
utilize overflow and underflo~ baffles to skim'a floating oil"
layer from the surface of ~he wastewatet. An overflow­
underflow baffle allows a srnallamouri.t of wastewater (the oil
portion) to flow over into a trou'gh for' disposal or reuse while'
the majority of the water, flows underneath the baffle. This
is followed by an ove~flow baffle, which is iet at a height
relative to the first baffle such that only the oil bearing
portion will flow over the first' baffl~e during normal plant
operation. AdiEfusiondevice,' such as a vertical slot
baffle, aids in cteating a uniform flow throu~h the system ~nd in .
increasing oil removal efficiency. -

Application and Performance. Oil skimming is' used . in
nonferrous metals forming'plants to remove free oil used as a
forming lubricant. Another source of oil 1s lu~ricarits for
drive mechanism~ and other machinery contacted by process water.
Skimming is applicable to any waste stream 'containing
pollutants which float to the surface.' It is commonly used to
remove free oil, grease, and soaps. Skimming is often used in
conjunction with air flotation or clarification' in order to
increase its effectiveness.

The removal efficiency of a skimmer is partly a 'function of the
retention time of the water in the tank. Larger, more buoyant
particles require less retention, time than smaller particles.
Thus, the effici~ncy also depends on th~ composition of the waste
stream. The retention time required.to allow, phase Beparation
and subsequent skimming varies from 1 to'15 minutes, depending on
the wastewatet characteristics.

API or other gravity-type separators tend to be, more suitable for
use where the amount of surface oi 1 flowing through the '. system is
consistently significant. 'Drum and' belt type skimmers are
applicable to waste streams which evidence smaller amounts' of
floating oil and where suiges of floating oil aren6t a problem.
Using an API separator system in conjunction with a drum type
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The source of these organic pollutants is not always known with
certainty, although in metal forming operations they seem to
derive mainly from various process lubricants. They are also
sometimes present in the plant water supply, as additiv~s to
proprietary formulations of cleaners, or as the result of
leaching from plastic lines and other materials.

Skimming w~ich removes oil may also be used to remove base levels
of organlcs. Plant sampling data show that many organic
compounds tend to be removed in standard wastewater. treatment
equipment. Oil separation not only removes oil but also organics
that are more soluble in oil than in water. Clarification
removes organic solids directly and probably removes dissolved
organics by adsorption on inorganic solids.

floating
Sampling
of the
influent

skimmer is a very effective method of removing
contaminants from nonemulsified oily waste streams.
data shown in Table VII-II illustrate the capabilities
technology with both extremely high and moderate oil
levels. .

These data are intended to be illustrative of the very high level
of oil and grease removals attainable in a simple two-step oil
removal system. Based on the performance of installations in a
variety of manufacturing plants and permit requirements that are
consistently achieved, it has been determined that effluent oil
levels may be reliably reduced below 10 mg/l with moderate
influent concentrations. Very high concentrations of oil such
as the 22 percent shown above may require two-step treatment to
achieve this level.

High mole?ular weight organics in particular are, much more
soluble ln organic solvents than in water. Thus they are much
more concentrated in the oil phase that is skimmed than in the
wastewater. The ratio of solubilities of.a compound in oil and
water phases is called the partition coefficient. The logarithm
of the partition coefficients for selected polynuclear aromatic
hydrocarbon (PAH) and other toxic organic compounds in octanol
and water are shown in Table VII-12. .

A review of priority organic compounds commonly found in metal
forming operation waste streams indicated that incidental removal
of these compounds often occurs as a result of oil removal or
clarification processes. When all organics analyses from visited
plants are considered, removal of organic compounds by other
waste treatment technologies appears to be marginal in many
cases. However, when only raw waste concentrations of 0.05 mg/l
or greater are considered, incidental organics removal becomes
much more apparent. Lower values, those less than 0.05 mg/l,
are much more subject to analytical variation, while higher
values indicate a significant presence of a given compound. When
these factors are taken into account, analysis data indicate that
most clarification and oil removal treatment systems remove
significant amounts of the toxic organic compounds present in the
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raw waste. The API oil-water separation system performed 1:0 ~01y

in this regard, as shown in Table VII-13.

The unit operation most applicable to removal of trace priority
organics is adsorption, and chemical oxidation is another
possibility. Biological degradation is not generally ~pplicable

because the organics are not present in sufficient concentration
to sustain a biomass and because most of the organics are
resistant to biodegradation.

98.2
78.0
77.0
81. 3
86.3
84.2

Organics

Percent Removal

95.9
98.3
95.1
96.8
98.5
96.9

Oil & Grease

Maintainabili ty:, The skimming mechanism requires per iodic
lubrication, adjustment, and replscement of worn parts.

Solid Waste Aspects: The collected layer of debris must be
disposed of by contractor removal, landfill, or incineration.
Because relatively large quantities of water are present in the

1054-3
13029-2
13029-3
38053-1
38053-2
Mean

Plant-Day

Data from five plant days demonstrate removal of organics by the
combined oil skimming and settling operations performed on coil
coating wastewaters. Days were ,chosen where treatment system
influent and effluent analyses provided paired data points for
oil and grease and the organics present. All organics found at
quantifiable levels on those days were included. Further, only
those days' were chosen where oil and grease raw wastewater
concentrations exceeded 10 mg/l and where there was reduction in
oil and grease going through the treatment system. All plant
sampling days which met the above criteria are included below.
The conclusion is that when oil and grease are removed,~organics

also are removed.

Advantages and Limitations. Skimming as a pretreatment is
effective in removing naturally floating waste material. It also
.improves the performance of subsequent downstream treatments.
Many pollutants, particularly dispersed or emulsified oil, will
not float "naturally" but require additional treatments. There­
fore, skimming alone may not remove all the pollutants capable of
being removed by air flotation or other more sophisticated
technologies.

Operational Factors. Reliability: Because of its simplicity,
skimming is a very reliable technique.



breaking
storage

CL~~~'cea RdSteS, incineration is not always a viable disposal
merhod.

Demonstration status. Skimming is a common operation utilized
extensively by industrial waste treatment systems. Oil skimming
is used in 30 nonferrous metals forming plants.

8. Chemical Emulsion Breaking

Chemical treatment is often used to break stable oil-in-water (0-,
w) emulsions. An O-W emulsion consists of oil dispersed in
water, stabilized by electrical charges and emulsifying agent. A
stable emulsion will not separate or break down without some form
of treatment.

Once an emulsion is broken, the difference in specific gravities
allows the oil to float to the surface of the water. Solids
usually form a layer between the oil and water, since some oil is
retained in the solids. The longer the retention time, the more
complete and distinct the separation between the oil, solids, and
water will be. Often other methods of gravity differential
separation, such as air flotation or rotational separation (e.g.,
centrifugation), are used to enhance and speed separation. A
schematic flow diagram of one type of application is shown in
Figure VII-3l.

The major equipment required for chemical emulsion
includes: reaction chambers with agitators, chemical
tanks, chemical feed systems, pumps, and piping.

Emulsifiers may be used in the plant to aid in stabilizing or
forming emulsions. Emulsifiers are surface-active agents which
alter the characteristics of the oil and water interface. These
surfactants have rather long polar molecules. One end of the
molecule is particularly soluble in water (e.g., carboxyl,
sulfate, hydroxyl, or sulfonate groups) and the other end is
readily soluble in oils (an organic group which varies greatly
with the different surfactant type). Thus, the surfactant
emulsifies or suspends the organic material (oil) in water.
Emulsifiers also lower the surface tension of the O-W emulsion as
a result of solvation and ionic complexing. These emulsions must
be destabilized in the treatment system.

Application and Performance. Emulsion breaking is applicable to
waste streams containing emulsified oils or lubricants such as
rolling and drawing emulsions. Typical chemical emulsion
breaking efficiencies are given in Table VII-3D.

Treatment of spent O-W emulsions involves the use of chemicals to
break the emulsion followed by gravity differential separation.
Factors to be considered for breaking emulsions are type of
chemicals, dosage and sequence of addition, pH, mechanical shear
and agitation, heat, and retention time.
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Advantages and Limitations. Advantages gained from the use of
chemicals for- breaking O-t-l emulsions are the high removal
efficiency potential and the possibility of reclaiming the oily
waste. Disadvantages are corrosion problems associated with

Chemical emulsion breaking can be used with oil skimming to
achieve the treatment effectiveness concentrations that oil
skimming alone will achieve for non-emulsified streams. This
type of treatment is proven to be reliable and is considered
state-of-the-art for nonferrous metals forming emulsified oily
wastewaters.

the sequence of addition
breaking efficiency and

Wastewater pH plays an important role in emulsion breaking,
especially if cationic inorganic chemicals, such as alum, are
used as coagulants. A depressed pH in the range of 2 to 4 keeps
the aluminum ion in its most positive state where it can function
most effectively for charge neutralization. After some of the
oil is broken free and skimmed, raising the pH into the 6 to 8
range with lime or caustic will cause the aluminum to hydrolyze
and precipitate as alumium hydroxide. ~his floc entraps or
adsorbs destabilized oil droplets which can then be separated
from the water phase. Cationic polymers can break emulsions over
a wider pH range and thus avoid acid corrosion and the additional
sludge generated from neutrali~ation;. however, an inorganic
flocculant is usually required to supplement the polymer emulsion
breaker1s adsorptive properties.

Mixing is important in breaking O-W emulsions. Proper chemical
feed and dispersion is required for effective results. Mixing
also causes collisions which help break the emulsion, and
subsequently helps to agglomerate droplets.

In all emulsions, the mix of two immiscible liquids has a
specific gravity very close to that of water. Heating lowers the
viscosity and increases the apparent specific gravity
differential between oil and water. Heating also increases the
frequency of droplet COllisions, which helps to rupture the
interfacial film.

If more than one chemical is required,
can make quite a difference in both
chemical dosages.

~ ~~. s, alum, ferric chloride, and organic emulsion breakers
~'eaK emulsions by neutralizing repulsive charges between
partJcles, precipitating or salting out emulsifying agehts, or
altering the interfacial film between the oil and water so it is
readily broken. Reactive cations (e.g., H(+l), Al(+3), Fe(+3),
and cationic polymers) are particularly effective in breaking
dilute o-w emulsions. Once the charges have been neutralized or
the interfacial film broken, the small oil droplets and suspended
solids will ·be adsorbed on the surface of the floc that is
formed, or break out and float to the top. Various types of
emulsion-breaking chemicals are used for the various types of
oils.
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MAJOR TECHNOLOGY EFFECTIVENESS

Demonstration status. Twelve plants in the nonferrous metals
forming category currently break emulsions with chemicals.

produced
If the
it may

Aspects: The surface oil and oily sludge
hauled away by a licensed contractor.
has a sufficiently low percentage of water,
its fuel value or processed and reused.

Solid Waste
are usually
recovered oil
be burned for

Operational Factors. Reliability: Chemical emuls~on breaking is
a very reliable process. The main control parameters, pH and
temperature, are fairly easy to control.

Qlnd-al urn systems, skilled operator requirements fOt Ood ," n
~reatment, and chemical sludges produced.

Maintainability: Maintenance is required on pumps, motors, and
valves, as well as periodic cleaning of 'the treatment tank to
remove any accumulated solids. Energy use is limited to mixers
and pumps.

The performance of individual treatment technologies was
presented above. Performance of operating systems is discussed
here. Two different systems are considered: L&S (hydroxide
precipitation and sedimentation or lime and settle) and LS&F
(hydroxide precipitation, sedimentation, and filtration or lime,
settle, and filter). Subsequently, ~n analysis of effectiveness
of such systems is made to develop one-day maximum, and ten-day
and thirty-day average concentration levels to be used in
regulating pollutants. Evaluation of the L&S and the LS&F
systems is' carried out on the assumption that chemical reduction
of chromium, cyanide precipitation, and oil removal are installed
and operating properly where appropriate.

L&S Performance -- Combined Metals Data Base

A data base known as the "combined metals data base" (CMDB) was
used to determine treatment effectiveness of lime and settle
treatment for certain pollutants. The CMDB was developed over
several years and has been used in a number of regulations.
During the development of coil coating and other categorical
effluent limitations and standards, chemical analysis data were
collected of raw wastewater (treatment influent) and treated
wastewater (treatment effluent) from 55 plants (126 data days)
sampled by EPA (or its contractor) using EPA sampling and
chemical analysis protocols. These data are the initial data
base for determining the effectiveness of L&S technology in
treating nine pollutants. Each of the plants in the initial data
base belongs to at least one of the following industry
categories: aluminum forming, battery manufacturing, coil coating
(including canmaking), copper forming, electroplating and
porcelain enameling. All of the plants employ pH adjustment and
hydroxide precipitation using lime or caustic, followed by
Stokes' law settling (tank, lagoon or clarifier) for solids



removal. An analysis of this data was presented, in the
development documents for the proposed regulations" for coil
coating and porcelain enameling (January 1981). Prior to
analyzing the data, some values were deleted from the data base.
These deletions were made to ensure that the data reflect
properly operated treatment systems. The "following criteri~ were
used in making these deletions: "

.':l ...

Plants where malfunctioning processes or treatment systems at
the time of sampling were identified.

Data days where pH was less than 7.0 for extended pertQ~s

of time or TSS was greater than 50 mg/l (these are prima
facie indications of poor operation).

In response to the coil coating and "porcelain enameling
proposals, some commenters claimed that it was inappropriate to
use data from some categories for regulation of other categories.
In response to these comments, the Agency reanalyzed the data.
An analysis of variance was applied to the data for the. 126 days
of sampling to test the hypothesis of homogeneous plant mean raw
and treated effluent levels across categories by pollutant. This
analysis is described in the report "A Statistical Analy~is of
the Combined Metals Industries Effluent Data" which is irr the
administrative record supporting this rulemaking. Homogeneity is
the absence of statistically discernable differences among the
categories, while heterogeneity is the opposite, i.e., the
presence of statistically discernable differences. The main
conclusion drawn from the analysis of variance is that, with the
exception of electroplating, the categories included in the data
base are generally homogeneous with regard to mean pollutant
concentrations in both raw and tr~ated effluent." That iS t when
data from electroplating facilities are included in the analysis,
the hypothesis of "homogeneity across categories is rejected.
When the electroplating data are removed from the analysis the
conclusion changes substantially and the hypothesis of
homogeneity across categories is not rejected. On the basis of
this analysis, the electroplating data were removed from the data
base used to determine limitations for the coil coating, and
porcelain enameling, copper forming, aluminum forming,
battery manufacturing, nonferrous metals manufacturing,
canmaking, and nonferrous metals" forming regulations.

The statistical analysis provides support for the technical
engineering judgment that electroplating wastewaters are
sufficiently different from the wastewaters of other industrial
categories in the. data base to warrant removal of electroplating
data from the data base used to determine treatment
effectiveness.

For the purpose of determining treatment effectiveness,
additional data were deleted from the data base. These deletions
were made, almost exclusively, in cases where" effluent data
pOlnts were associated with low influent values. This was done
in two steps. First, effluent values measured on the same day as
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influent values that were less than or equal to 0.1 mg/l were
deleted. Second, the remaining data were screened for cases in
which all influent values at a plant were low although slightly
above the 0.1 mg/l value. These data were deleted not as
individual data points but as plant clusters of d~ta that were
consistently low and thus not reIevent to assessing treatment. A
few data points were also deleted where malfunctions not
previously identified were recognized. The data basic to the
CMDB are displayed graphically in Figures VII-4 to 12.

After all deletions, 148 data points from 19 plants remained.
These data were used to determine the concenttation basis of
limitations derived from the CMDB used for this regulation.

The CMDB was reviewed following its use in a number of proposed
regulations. Comments pointed out a few errors in the data,
and the Agency's review identified a few transcription errors
and some data points that were appropriate for inclusion
in the data that had not been used previously because of
errors in data record identification numbers. Documents in
the record of this rulemaking identify all the changes, 'the
reasons for the changes, and the effect of ·these changes on the
data base. other comments on the CMDB asserted that the data
base was too small and that the statistical methods used were
overly complex. Responses to specific comments regarding the
application of the CMDB to the nonferrous metals forming category
are included in the record of this rulemaking. The' Agency
believes that the data base is adequate to determine effluent
concentration$ achievable with lime and settle
treatment. The statistical methods employed in the analysis are
well known and appropriate statistical references are provided in
the documents in the record that describe the analysis.

The revised data base was reexamined for homogeneity. The
earlier conclusions were unchanged. The categories show good
overall homogeneity with respect to concentrations of the nine
po~lutants in both raw and treated wastewaters with the exception.
of electroplating.

Certain effluent data associated with low influent values
were deleted, and then the remaining data were fit to a
lognormal distribution to determine treatment effectiveness
values. The deletion of data was done in two steps. First,
effluent values measured on the same day as influ~nt valu~s that
were less than or equal to 0.1 mg/l were deleted. Second, the
remaining data were screened for cases in which all influent
values at a plant were low although slightly above the 0.1 mg/l
value. These data were deleted not as individual data
points but as plant clusters of data that were consistently low
and thus not relevant to assessing treatment. The revised
combined metals data base. used for this regulation
consists of 162 data points from 18 plants.
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I = total number of plants

I

Ji

•• II ,

...,j = 1,

i = 1,

2
mean of X = E(X) = exp (11 + 0 /2)

variance of X = veX) = exp (211 + ( 2 ) [exp(02) - 1]

99th percentile = X'99 = exp (11 + 2.330)

One-day Effluent Values

The concentrations determined from the CMDB used to establish
limitations and standards at proposal were also used to establish
final limitations and standards. The basic assumption underlying
the determination of treatment effectiveness is that the
data for a particular pollutant are lognormally distributed by
plant. The lognormal has been found to provide a satisfactory
fit to plant effluent data in a number of effluent guidelines
categories and there was no evidence that the lognormal was not
suit~ble in the case of the CMDB. Thus, we ass4med measurements
of each pollutant from a particular plant, denoted by X, were
assumed to follow a lognormal distribution with log mean "11" and
log variance02. The mean, variance and 99th percentile
of X are then:

This "average plant" distribution for a particular pollutant was
developed as follows: the log mean was determin'ed by taking' the
average of all the observations for the pollutant across plants.
The log variance was determined by the pooled within-plant
variance. This is the weighted 'average of the plant variances.
Thus, the log mean represents the average of all the data for the
pollutant and the log variance . represents the average of the
plant log variances or average plant variability for the
pollutant.

The one day effluent values were determined as follows:

Let Xij = the jth observation on a particular pollutant at plant
i where

where exp is e, the base of the natural logarithm. The term
lognormal is used because the logarithm of X has a normal
distribution with mean 11 and variance ,0

2 . Using .the
basic assumption of lognormality the actual treatment
effectiveness was determined using a lognormal distribution
that, in a sense, approximates the distribution of an average
of the plants in the data base, i.e., an lIaverage plant"
distribution. The notion of an "average plant" distribution
is not a strict statistical concept but is used here to
determine limits that would represent the performance capability

, of an average of the plants in the data base.



."

1338

.1'\

99th percentile = x. gg = exp [y + 2.33 Iv(y) ]

Jj
L (yi' - Yi)2/(Ji - 1)
Jj = lJ

Yi = log mean at plant i.
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I
Si 2= E (Ji - 1)

i = 1
I
L (Ji - 1)
i = 1

=

Ji = number of observations at plant i.

Then yij = In Xi'J

where In means the natural logar.i thm.

Then y = log mean over all plants

where n = total number of observations

I

= E Ji

i=l

and V(y) = pooled log variance

"mean = E(X) = exp(y) 'lin (O.5V(y))

where Si2 = log variance at plant i

Thus, y and V(y) are the log mean and log variance, respectively,
of the lognormal distribution used to determine the treatment
effectiveness. The estimated mean and 99th percentile : of t~is
distribution form the basis for the long term average and daily
maximum effluent limitations, respectively. The-estimates are

where 'l' C.) is a Bessel function and exp is e, the base of the
natural logarithms (See Aitchison, J. and J.A.C. Brown, The
Lognormal Distribution, Cambridge University Press, r963). In
cases where zeros were present in the data, a generalized form of



the lognormal, 'known as the delta distribution was used (See
Aitchison and Brown, op. cit., Chapter 9).

For certain pollutants, this approach was modified slightly to
ensure that well-operated lime and settle plants in all CMDB
categories would achieve the pollutant concentration values
calculated from the CMDB. For instance, after excluding the
electroplating data and other data that did not reflect pollutant
removal or proper treatment, the effluent copper data from the
copper forming plants were statistically significantly greater
than the copper data from the other plants. This indicated that
copper forming plants might have difficulty achieving an effluent
concentration value calculated from copper data from all CMDB
categories. Thus, copper effluent values shown in Table VII-14
(page ) are based only on the copper effluent data from the
copper forming plants. That is, the log mean for copper is the
mean of the logs of all copper values from the copper forming
plants only and the log variance is the pooled log variance of
the copper forming plant data only. A similar situation occurred
in the case of lead. That is, after excluding the electroplating
data, the effluent lead data from battery manufacturing were
significantly greater than the other categories. This indicated
that battery manufacturing plants might have difficulty achieving
a lead concentration calculated from all the CMDB categories.
The lead values proposed were therefore bpsed on the battery
manufacturing lead data only. Comments on the proposed battery
manufacturing regulation objected to this procedure and asserted
that the lead. concentration values were too low. Following
proposal, the Agency obtained additional lead effluent data from
a battery manufacturing facility with well-operated lime and
settle treatment. These data were combined with the proposal
lead data and analyzed to determine the final treatment
effectiveness concentrations. The mean lead concentration is
unchanged at 0.12 mg/l but the final one-day maximum and monthly
10-day average maximum increased to 0.42 and 0.20 mg/l,
respectively. A complete discussion of the lead data and
analysis is contained in a memorandum in the record of this
rulemaking.

In the case of cadmium~ after excluding the electroplating data
and data that did not reflect removal or proper treatment, there
were insufficient data to estimate the log variance for cadmium.
The va~iance used to determine the values shown in Table VII-14
for cadmium was estimated by pooling the within-plant variances
for all the other metals. Thus, the cadmium variability is the
average of the plant variability averaged over all the other
metals. The log mean for cadmium is the mean of the logs of the
cadmium observations only. A complete discussion of the data and
calculations for all the metals is contained in the
administrative record for this rulemaking.

Average Effluent Values

Average effluent values that form the basis for the monthly'
limitations were developed in a manner consistent with the method
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~sed to develop one-day Lreatment effectiveness in that the
lognormal distribution used for the one-day effluent values was
also used as the basis for the average values. That is, we
assume a number of consecutive measurements are drawn from the
distribution of daily measurements. .The average of ten
measurements taken during a month was 'used as the basis for the
monthly average limitations. The approach used for the 10
measurements values was employed previously in regulations for
other categories and was proposed for the nonferrous metals
forming category. That is, the distribution of the average of 10.
samples from a lognormal was approximated by another
lognormal distribution. Although the approximation is not
precise theoretically, there is empirical evidence based on
effluent data from a number of categories that the lognormal
is an adequate approximation for the distribution of small
samples. In the course of previous work the approximation
was verified in a computer simulation study (see "Development
Document for Existing Sources Pretreatment Standards for the
Electroplating Point Source Category", EPA 440/1-79/003,
U.S. Environmental Protection Agency, Washington, D.C., August
1979). We also note that the average values were developed
assuming independence of the observations although no
particular sampling scheme was assumed.

Ten-Sample Average

The formulas for the 10-sample limitations were derived on the
basis of simple relationships between the mean and variance of
the distributions of the daily pollutant measurements and the
average of 10 measurements. We assume the daily concentration'
measurements for a particular pollutant, denoted b~ X, follow a
lognorma~ distribution with log mean and log variance denoted by
~ and cr, respectivey. Let XlO denote the mean of
10 consecutive measurements. The following relationships then
hold assuming the daily measurements are independent:

mean of XIO = E(XlO) = E(X)

variance of XIO = V(XIO) = VeX) 10.

Where E(X)' and VeX) are the mean and variance of X, respectively,
defined above. We then assume that XIO follows a
lognormal distribution with log mean ~lO and log standard
deviationcr210.The mean and varianqe of XIO are then

E(XIO ) = exp (~10 + 0. 50210)

V(XIO) = exp (2~10 + 0 2
10 [exp (0 2

10 ) - IJ

Now, ~10 and 0210 can be derived in terms of ~ and 0 2 : as

~10 = ~ + 02/2 - 0.5 In [1 + ,exp (0 2 - l)/NJ
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0
2

1 6 In 11 + (exp(n 2 ) - liN]

.. 2
Therefore, Pl O and' 10 can be estimated using the
above relationships and the estimates of ; and 0

2 obtained
for the underlying lognormal distribution. The IO-sample
limitation value was determined by the estimat~ of the
approximate 99th percentile of the distribution of the 10-sample
average given by

Where DIO and 010 are the estimates of WIO and ~lO'

respectively.

Thirty-Sample Average

Monthly average values based on the average of 30 daily
measurements were also calculated. These are included because
monthly limitations based on 30 samples have been used in the
past and for comparison with the 10-sample values. The average
values based on 30 measurements are determined on the basis of a
statistical result known as the Central Limit Theorem. This
Theorem states that, under general. and nonrestr ictive
assumptions, the distribution of a sum of a number of random
variables, say n, is approximated by the normal distribution.
The approximation improves as the number of variables, n,
increases. ·The Theorem is quite general in that no particular
distributional form is assumed for the distribution of the
individual variables. In most applications (as in approximating
the distribution of 30-day averages) the Theorem is used to
approximate the distribution of the average of n observ~tions of
a random variable. The result makes it possible to compute
approximate probability statements about the average in a wide
range of cases. For instance, it is possible to compute a value
below which a specified percentage (e.g., 99 percent) of the
averages of n observations are likely to fall. Most textbooks
state that 25 or 30 observations are sufficient for the
approximation to be valid. In applying the Theorem to the
distribution of the 30-day' average effluent values, we
approximate the distribution of the average of 30 observations
drawn from the distribution of daily measurements and use the
estimated 99th percentile of this distribution.

Thirty-Sample Average Calculation

The formulas for the 30-sample average were based on an
application of the Central Limit Theorem. According to the
Theorem, the average of 30 observations ,. drawn from the
distribution of daily measurements, denoted by X30,
is approximately normally distributed. The mean and variance
of X30 are:
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mean of X30 = E(X30) = E(X)

variance of X30 = V(X30) = V(X)/30.

The 30-sample average value was determined by the estimate of
the approximate 99th percentile of the distribution of the
30-sample average given by
_ ~ A

X30(.99) = E(X) = 2.33 /\reX) _. 30

where

A

E(X) = exp(y) o/n (0.5V9y»
A

an~ VeX) = exp(2y) [~n(2V(y» - n (n-2/n-J) V(y)J.

A ~ . .
The formulas for E(X), and VeX) are est~mates of E(X) and VeX),
respectively, given in Aitchison, J. and J.A.C. Brown, The
Lognormal Distribution, Cambridge University Pies~, 1963, page
45.

Application

In response to the proposed coil coating and porcelain enameling
regulations, the Agency received comments pointing out that
permits usually required less than 30 samples to be taken during
a month while the monthly average used as the basis for permits
and pretreatment requirements usually is based on the average of
30 samples.

In applying the treatment effectiveness values to regulations we
have considered the comments, examined the sampling frequency
required by many permits and considered the change in values of
averages depending on the number of consecutive sampling days in
the averages. The most common frequency of sampling required in
permits is about ten samples per month or slightly greater than
twice weekly. The 99th percentiles of the distribution of
averages of ten consecutive sampling days are not ~ubstantially

different from the 99tp percentile of the distribution's30-day
average. (Compared to the one-day maximum, the teri-day average
is about 80 percent of the difference between one- and 30-day
values). Hence the ten-day average provides a reasonable basis
for a monthly average limitation and is typical of the sampling
frequency required by existing permits.

The monthly average limitation is to be achieved in all permits
and pretreatment standards regardless of the number of samples
required to be analyzed and averaged by the permit or the
pretreatment authority.

Additional Pollutants

Twenty-three additional pollutant parameters were evaluated to
determine the performance of lime and settle treatment systems
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in removing them from industrial wastewater. PerformanCe data
for these parameters is not a part of the CMDB so other 'data
available to the Agency from categories not included in the CMDB
has been used to determine the long-term average performance·
of lime and settle technology for each pollutant. These data
indicate that the concentrations shown in Table VII-IS
are reliably attainable with hydroxide precipitation and
settling. Treatment effectiveness values were calculated by
multiplying the mean performance from Table VII-IS by the
appropriate variability factor. (The variability factor is
the ratio of the value of concern to the mean). The pooled
variability factors are: one-day maximum 4.100; ten-day
average - 1.821; and 30-day average - 1.618 these one-, ten-, and
thirty-day values are tabulated in Table VII-21. .

In establishing which data were suitable for use in Table VII-14
two factors were heavily weighed: (1) the nature of the
wastewater: and (2) the range of pollutants or pollutant matrix
in the ~aw wastewater. These data have been selected from
processes that generate dissolved metals in the wastewater arid
which are generally free from complexing agents. The pollutant
matrix was evaluated by comparing the concentrations of
pollutants found in the raw wastewaters· with the rang~ of "
polluta"nts in the raw wastewaters of the combined. metals data
set. These data are displayed in Tables VII-16 and VII-I?
and indicate that there is sufficient similarity in the
raw wastes to logically assume transferability of the treated
pollutant concentrations to the combined metals data base.
Nonferrous metals forming wastewaters also were compared to the
wastewaters from plants in categories from which treatment
effectiveness values were calculated. The available data on
these added pollutants do not allow homogeneity analysis as was
performed on the combined metals data base. The data source for
each added pollutant is discussed separately.

Antimony (Bb) - The treatment effectiveness concentration for
antimony rs--based on data from a battery and secondary
lead plant. Both EPA sampling data and recent permit data
(1978-1982) confirm the achievability of 0.7 mg/l in the
battery manufacturing wastewater matrix included in the combined
data set. The untreated wastewater matrix shown in Table VII-I?
is comparable with the untreated wastewater from the combined
metals data set.

Arsenic (As) The treatment effectiveness concentration of
0.5 mg/l ~or arsenic is based on permit data from two
nonferrous metals manufacturing plants. The untreated
wastewater matrix shown in Table VII-17 is comparable with the
combined data set matrix.

Beryllium (Be) - The treatment effectiveness of beryllium is
transferred from the nonferrous metals manufacturing industry.
The 0.3 mg/l performance is ~chieved at a beryllium plant with
the comparable untreated wastewater matrix shown in Table VII-
17.
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ME:! I.' CU.ry .i!!9l.. - The 0.06 mg/l treatment :effectiveness
concentration of mercury is based on data from ,four battery
plants. The untreated wastewater matrix at these plants was
considered in the combined metals data set.

Selenium ~ - The 0.30 'mg/l treatment effectiveness
concentration of selenium is based on ,recent permit data
from one of the nonferrous metals manufacturing plants also
used for arsenic performance. The untreated wastewater
matrix for this plant is shown in Table VII-I?

Silver ~ - The treatment effectiveness concentration of 0.1
mg/l for silver is based on an estimate from the inorganic
chemicals industry. Additional data supporting a treatability as
stringent or more stringent than 0.1 mg/l is also available
from seven nonferrous metals manufacturing plants. The ,untreated
wastewater matrix for these plants is comparable and summarized
in Table VII-I?

Thallium i!!l - The 0.50 mg/l treatment effectiveness
concentration for thallium is transferred from the inorganic
chemicals industry. Although no untreated wastewater data are
available to verify comparability with the combined metals
data set plants, no other sources of data for thallium
treatability could be identified.

Aluminum (AI) - The 2.24 mg/l treatment effectiveness
concentration of aluminum is based 'on the mean performance of
three aluminum forming plants and one coil coating plant. These
plants are from categories included in the combined metals data
set, assuring untreated wastewater matrix comparability.

Barium (Ba) - The treatment effectiveness concentration for
barium (0.42 mg/l) is based on data from one nonferrous metals
forming plant. The untreated wastewater matrix shown in Table
VII-l? is comparable with the combined metals data base.

Boron ~ - The treatment effectiveness concentration of 0.36
mg/l for boron is based on data from a nonferrous metals plant.
The untreated wastewater matrix shown in Table VII-I? is
comparable with the combi'ned metals data base.

Cesium (Cs) - The treatment effectiveness concentration for
cesium (0.124 mg/l) is based on the performance achievable for
sodium using ion exchange technology. This transfer of
performance is technically justiciable because of the similarity
of the chemical and physical behavior of these monovalent atoms.

Cobalt (Co) The 0.05 mg/l treatment effectiveness
concentration is based on nearly complete removal of cobalt at a
porcelain enameling plant with a mean untreated wastewater
cobalt concentration of 4.31 mg/l. In this case, the analytical
detection using aspiration techniques for this pollutant is
used as the basis of the treatability. Porcelain enameling was
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Gallium (Ga) - The treatment effectiveness concentration of
gallium rs--assumed to be the same as the level for chromium
(0.084 mg/l) for the reasons discussed below for indium. The
Agency requested data on the treatability of gallium and
solicited comment on the assumption that the achievable
performance for gallium should be similar received disputing this
claim.

Germanium ~ - The treatment effectiveness concentration of
germanium is assumed to be the same as the level for chromium
(0.084 mg/l) for the reasons discussed for indium (see below).
The Agency requested data on the treatability of germanium and
solicited comment on the assumption that the achievable
performance for germanium shou)d be similar to that of chromium.
No comments were received disputing this claim.

assuringconsidered in the combined metals data base,
untreated waste~ater matrix comparability.

Columbium (Cb) - Data collected at two refractory metals forming
plants indicate that lime and settle reduces cOlumbium to below
the level of detection (using x-ray fluorescence analytical
methods) when an operating pH of eight is maintained. Another
sampled lime and settle treatment system is operated at a higher
pH, from 10.5 to 11.5, effluent concentrations of columbium from
this system are significantly higher. Therefore, tpe data
indicate that if the treatment system is operated at a pH near 8,
columbium should be removed to below the level of detection. The
level of detection (0.12 mg/l) is used as the one-day maximum
concentration for lime and settle treatment effectiveness. No
long-term, 10-day, and 30-day average treatment effectiveness
values are established since it is impossible to determine
precisely what concentrations are achievable. The untreated
wastewater matrix show in Table VII-17 is comparable with the
combined metals data base.

Fluoride (F) - The 14.5 mg/l treatment effectiveness
concentration--of fluoride is based on the mean performance
(216 samples) of an electronics manufacturing plant. The
untreated wastewater matrix for this plant shown in Table VII-17
is comparable to the combined metals data set. The fluoride
level in the electronics wastewater' (760 mg/l) is
significantly greater than the fluoride level in raw nonferrous
metals forming 'wastewater leading to the conclusion that the
nonferrous metals forming wastewater should be no more . difficult
to treat for fluoride removal than the electronics wastewater.
The fluoride level in the CMDB - electroplating data ranges from
1.29 to 70.0 mg/l. Fluoride concentrations in some waste
streams, such a hydrofluoric acid surface treatment baths, the
combined raw waste concentrations that mix concentrated fluoride
wastewaters with dilute wastewaters range from 5.3 to 117 mg/l.
leading to the conclusion that the nonferrous metals forming
wastewater should be no more difficult to treat to
remove fluoride than electronics wastewater.



Gold (Au) - The treatment effectiveness concentration for gold is
based on the performance achieved for paladium using ion
exchange. This transfer of performance is. technically
justifiable because of the similarity o~ the physical and
chemical behavior of these precious metals.

Hafnium (Hf) - The treatment effectiveness concentration for
hafnium 7.28 mg/l is based on the transfer of performance data
for zirconium. The Agency believes that since the water
chemistry for zirconium and hafnium is similiar, hafnium can be
removed to the same levels as zirconium.

Indium ~ - The treatment effectiveness concentration for
indium is assumed to be the same as the level for chromium (0.084
mg/l). Lacking any treated effluent data for indium, a
comparison was made between the theoretical solubilities of
indium and the metals in the combined Metals Data Base: cadmium,
chromium, copper, lead, nickel and zinc. The theoretical
solubility of indium (2.5 x 10-7 ) is more s~milar to the
theoretical solubility of chromium (1.64 x 10- mg/l) than it
is to the theoretical solubilities of cadmium, copper, lead,
nickel or zinc. 3The theoretic~l solubilities of these metals
range from 20 x 10- to 2.2 x 10- mg/l. This comparison
is further supported by the fact that indium and chromium both
form hydroxides in the trivalent state. Cadmium,· copper, lead,
nickel and zinc all form divalent hydroxides.

Magnesium ~ - Data collected at. a magnesium forming plant
indicate that lime and settle reduces magnesium to below the
level of detection. The level of detection (0.1 mg/l) is used as
the one-day maximum concentration for lime and settle treatment
effectiveness. No long-term, 10-day, and 30~day average
treatment effectiveness values are established since it is
impossible to determine precisely what concentrations are
achievable.

Molybdenum (Mo) - The 1.83 mg/l treatment effectiveness
concentration is based on data from a nonferrous metals
manufacturing and forming, plant which uses coprecipitation of
molybdenum with iron. The treatment effectiveness poncentration
of 1.83 mg/l is achievable with iron coprecipitation and lime and
settle treatment. The untreated wastewater matrix show in Table
VII-17 is comparable with the combined metals data base.

Phosphorus (P) - The 4.08 mg/l treatment effectiveness
concentration of phosphorus is based on the mean of 44
samples including 19 samples from the Combined Meta~s Data Base
and 25 samples from the electroplating data base. Inclusion
of electroplating data with the combined metals data was
considered appropriate, since the removal mechanism for
phosphorus is a precipitation reaction with calcium rather than
hydroxide.

Platinum ~ - The treatment effectiveness concentration. for
platinum is based on the performance achieved for pathadium using
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ion exchange. This transfer of performance is technically
justifiable because of the similarity of the physical and
chemical behavior of the these precious metals.

Tin (Sn) - The treatment effectiveness concentration of 1.07 mg/l
for tin is based on data from one metal finishing tin plant. The
untreated wastewater matrix shown in Table VII-17 is comparable
with the combined metals data base.

- The treatment effectiveness concentration for
mg/l) is based on the performance achievable for
ion exchange technology. This transfer of
technically justifiable b~cause of the similarity
and physical behavior of these monvalent. atoms.

Titanium (Ti) - The 0.19 mg/l treatment effectiveness
concentration is based on the mean performance of four nonferrous
metals forming plants. A total of 9 samples were included in the
calculation of the mean performance. The untreated wastewater
matrix shown in Table VII-17 is comparable with the combined
metals data base.

Tantalum (Ta) - As with columbium, data collected at two
refractory--metals forming plants indicate that lime and settle
reduces tantalum to below the level of detection (using x-ray
fluorescence. analytical methods) when an operating pH of eight is
maintained. Another sampled lime and settle treatment system is
operated at. a higher pH, from 10.5 to 11.5. Effluent
concentrations of tantalum from this system are significantly
higher. Therefore, the .data indicate that if the treatment
system is operated at a pH near 8 " tantalum should be' removed to
below the level of detection. ,The level_pf detection (0.45 mg/l)
is used as the one-day maximum cOncentration for lime and settle
treatment effectiveness. No long-term, 'lO-day, and' 30-day
average treatment effectiveness values are established since it
is impossible to determine precisely what concentrations are
achievable. The untreated wastewater matrix shown in Table VII­
17 is comparable with the combined metals data base.

Rhenium (Re) - The treatment effectiveness concentration for
rhenium (1.83 mg/l) is based on the performance achieved for
molybdenum at a nonferrous metals manufacturing and forming
plant. This transfer of performance is technically justifiable
because of the similarity of the physical and chemical behavior
of these compounds.

Rubidium (Rb)
rubidium (0.,124
sodium using
performance is
of the chemical

Radium 226 (Ra 226) - The treatment effectiveness concentration
of 6.17 picocuries per liter for radium 226 is based on qata from
one facility in the uranium subcategory of the Ore Mining and
Dressing category which practices barium chloride coprecipitation

,.' in conjunction with lime and settle treatment. The untreated
wastewater mat~i~ shown in Table VII-17 is comparable with the
combined metals data base.



Tungsten ~ - The 1.29 mg/~ treatment effectiveness
concentration (using x-ray fluorescene analytical methods) is
based on data collected from the refractory metals forming plant
where an operation pH of 10.5 to 11.5 was used~ The data
indicate that maintaining the pH within this range achieves
significantly better removal of tungsten than a :pH near 8.
Therefore, refractory metals' forming plants that treat
wastewaters containing both columbium, tantalum and tungsten or
other metals that precipitate at a higher pH may need to use a
two-stage lime and settle to remove all of these metals. The
untreated wastewater matrix shown in Table VII-17 is comparable
with the combined metals data base.

Uranium 1Ql - The 4.00 mg/l treatment effectiveness concentration
(using fluorometry analytical methods) is based on the
pertormance of one uranium forming plant. The untreated
wastewater matrix shown in Table VII-17 is comparable with the
combined metals data base .

.Vanadium 1Yl - Data collected at two nonferrous metals forming
plants indicate that lime and settle reduces vanadium to below
the detection limit. The level of detection (0.10 mg/l) is used
as the one-day maximum' concentration for lime -and settle
treatment effectiveness. No long-term, 10-day, or 30-day average
treatment effectiveness values are established since it is
impossible to determine precisely what concentrations are
achievable. The untreated wastewater matrix shown in Table VII­
17 is comparable with the combined m~tals data base.

Zirconium i!!l - The zirconium treatment effectiveness of 7.28
mg/l is based on the mean performance of two nonferrous metals
forming plants with lime and settle treatment. One plant forms
zirconium and the other plant forms refractory metals. The
untreated wastewater matri~ shown in Table VII-17 is comparable
with the combined metals data base.

LS&F Performance

Tables VII-18 and VII-19 show long term data from two plants
which have well operated precipitation-settling treatment
followed by filtration. The wastewaters from both plants
contain pollutants from metals processing and finishing
operations (multi-category). Both plants reduce hexavalent
chromium before neutralizing and precipitating metals: with lime.
A clarifier is used to remove much of the solids load and a
filter is used to "polish" or complete removal of suspended
solids. Plant A uses a pressure filter, while Plant B uses a
rapid sand filter.

Raw wastewater data was collected only occasionally at each
facility and the raw .wastewater data is presented as an
indication of the nature of the wastewater treated. Data from
plant A was received as a statistical summary and is presented as
received. Raw laboratory data was collected at Plant Band
reviewed for spurious points and discrepancies. The method of

1348



treating the data base is discussed below under lime, settle, 2rd
filter treatment effectiveness,

Table VII-20 shows long-term data for zinc and cadmium removal
at Plant C, a primary zinc smelter, which operates a LS&F system.
This data represents about 4 months (103 data days) taken
immediately before the smelter was closed. It has been
arranged similarily to the data from Plants A and B for
comparison and use.

These data are presented to demonstrate' the performance of
precipitation-settling-filtration (LS&F) technology under actual
operating conditions and over a long period of time.

It should be noted that the iron content of the raw wastewater of
Plants A and B is high while that for Plant C is low. This
results, for Plants A and B, in co-precipitation of toxic metals
with iron. precipitation using high-calcium lime for pH control
yields the results shown above. Plant operating personnel
indicate that this chemical treatment combination (sometimes with
polymer assisted coagulation) generally produces better and more
consistent metals removal than other combinations of sacrificial
metal ions and alkalis.

The LS&F performance data presented her£ are based on systems
that provide polishing filtration after effective L&S treatment.
We have previously shown that L&S treatment is equally applicable
to wastewaters from the five CMDB categories because of
the homogeneity of its raw and treated wastewaters, and
other factors. Because of the similarity of the wastewaters
after L&S treatment, the Agency believes these wastewaters
are equally amenable to treatment using polishing filters
added to the L&S treatment system. The Agency concludes that
LS&F data based on porcelain enameling and nonferrous metals
manufacturing is directly applicable to the aluminum forming,
copper forming, battery manufacturing, coil coating,
nonferrous metals forming and metal molding and casting
categories, and the canmaking subcategory as well as it is to
porcelain enameling and nonferrous metals manufacturing smelting
and refining.

Analysis. of Treatment System Effectiveness

. Data are presented in Table VII-14 showing the mean, one-day,
10-day and 30-day values for nine pollutants examined in the L&S
combined metals data base. The pooled variability factor for
seven metal pollutants (excluding cadmium because of the small
number of dat~ points) was determined and is used to estimate
one-day, 10-day and 30-day values. (The variability factor is
the ratio of the value of concern to the mean: the pooled
variability factors are: one-day maximum 4.100; ten-day
average - 1.821; and 30-day average - 1.618.) For values not
calculated from the CMDB as previously discussed, the mean value
for pollutants shown in Table VII-IS were mUltiplied by the'
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variability factoLs to derive the value to obtain the one-, ten­
and 30-day values. These are tabulated in Table VII-21.

The treatment effectiveness for sulfide precipitation and
filtration has been calculated similarly. Long ,term average
values shown in Table VII-6 have been multiplied by the
appropriate variability factor to estimate one-day maximum, and
ten-day and 30-day average values. 'Variability factors
developed in the combined metals data base were used because the
raw wastewaters are identical and the treatment methods are
similar as both use chemical precipitation and solids removal"to
control metals.

LS&F technology data are presented in Tables VII-IS and VII-19.
These data represent two operating plants (A and B) in which the
teohnology has been installed and operated for some years. Plant
A data was received as a statistical summary and is presented
without change. Plant B data was received as raw laboratory
analysis data. Discussions with plant personnel indicated that
operating experiments and changes in materials and ,reagents and
occasional operating errors had occurred during the data
collection period. No specific information was available on
those variables. To sort" out high values probably caused by
methodological factors from random statistical variability, or
data noise, the Plant B data were analyzed. For each of four
pollutants (chromium, nickel, zinc, and iron), 'the mean and
standard deviation (sigma) were calculated for the entire data
set. A dat~ day was removed from the complete data set when any
individual pollutant concentration for that day exceeded the sum
of the mean plus three sigma for that pollutant. Fifty-one data
days (from ~ total of about 1300) were eliminated by:this method.

Another approach was also used as a check on the above method of
eliminating certain high values. The minimum. values of raw
wastewater concentrations from Plant B for the same four
pollutants were compared to the total set of values for the
corresponding pollutants. Any day on which the treated
wastewater pollutant concentration exceeded the minimum value
selected from raw wastewater concentrations for that pollutant
was discarded. Forty-five days of data were eliminated by that
procedure. Forty-three days of data in common were eliminated by
either procedure. Since common engineering practice (mean plus
3 sigma) and logic (treated wastewater concentrations should be
less than raw wastewater concentrations) seem to coincide, the
data base with the 51 spurious data days eliminated is the basis
for all further analysis. Range, mean plus standard deviation
and mean plus two standard deviations are shown in Tables VII-IS
and VII-19 for er, eu, Ni, Zn and Fe.

The Plant B data were separated into 1979, 1978~ and total
data base (six years) segments. With the statistical analysis
from Plant A for 1978 and 1979, this in effect created five data
sets in which there is some overlap between the individual
years and total data sets from Plant B. By comparing these five
parts, it is apparent that they are quite similar and all appear
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to be from the same famify' of numbers. The largest mean
found among the five data sets for each pollutant was selected as
the long-term mean for LS&F technology and is used ,as the
LS&F mean in Table VII-21.

Plant C data was used as a basis for cadmium removal performance
and as a check on the zinc values derived from Plants A and B.
The cadmium data is displayed in Table VII-20 and is
incorporated ,into Table VII-21 for LS&F. The zinc data was
analyzed for compliance with the I-day and 30-day values in Table
VII-21i no zinc value of the 103 data points exceeded the I-day
zinc value of 1.02 mg/l. The 103 data poi~ts were separated into
blocks of 30 points and averaged. Each of the 3 full 30-day
averages was less than the Table VII-21 value of ',0.31 mg/l.
Additionally the Plant C raw wastewater pollutant concentrations
(Table VII-20) are well within the range of raw wa?tewater
concentrations of the combined metals data base (Table VII-16),
further supporting the conclusion that Plant C wastewater data is
comparable to similar data from Plants A and B.

Concentration values for regulatory use are displayed in Table
VII-21. Mean one-day, ten-day and 30-day values for L&S for
nine pollutants were taken from Table VII-14; the remaining L&S
values were developed using the mean values in Table VII-15 and
the mean variability factors discussed above.

LS&F mean values for Cd, Cr, Ni, Zn, and Fe are derived
from Plants A,' B, and C as discussed above. One-, ten- and
thirty-day ,values are derived by applying the variability
factor developed from the pooled data base for the specific
pollutant to the mean for that pollutant. Other LS&F, values
are calculated using the long term average or mean and the
appropriate variability factors.

Mean values for LS&F for pollutants not already discus seq are
derived by reducing the L&S mean by one-third. The one~third

reduction was established after examining the percent reduction
in concentrations going from L&S to LS&F data for Cd, Cr, Ni, Zn,
and Fe. The average reduction is 0.3338 or one-third.
Variability factors for these additional pollutants are identical
to the variabilities established for L&S treatment of these
pollutants (using the variance from the pooled metals data base
or the mean of other pollutant variances if a pollutant-specific
variance is not available). Since filtration is a non­
preferential technology with regard to metals treated, and
furthermore, is being used to polish relatively clean wastewater
(wastewater after lime and settle treatment), EPA believes it is
reasonable to assume that these additional pollutants will be
removed at the same average rate.

Copper levels achieved at Plants A and B may be lower than
generally achievable because of the high iron content and low
copper content of the raw ~astewaters. Therefore, the mean
concentration value from Plants A and B achieved is not used; the
LS&F mean for copper is derived from the L&S technology.
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Uranium levels achieved by L&S treatment showed substantially
less variability than the nine parameters included in the CMDB.
The standard approach to the derivation of LS&F treatment
effectiveness concentrations results in one-day, lO-day and 30­
day values for LS&F treatment that are greater· than the
corresponding values for L&S treatment. Therefore, the LS&F
values for uranium are derived by reduci'pg the L&S long term,
one-day, 10-day and 30-day values by one-third to derive the
corresponding LS&F values.

L&S cyanide mean levels shown in Table VII-8 are ratioed to one­
day, ten-day and 30-day values using mean variability factors.
LS&F mean cyanide is calculated by applying the ratios of
L&S and LS&F removals as discussed previously for LS&F metals
limitations. The cyanide performance was arrived at by using the
average metal variability factors. The treatment method used
here is cyanide precipitation. Because cyanide precipitation is
limited by the same physical processes as the metal
precipitation, it is expected that the variabilities will be
similar. Therefore, the average of the metal variability factors
has been used as a basis .for calculating the cyanide one-day,
ten-day and thirty-day average treatment effectiveness values.

The filter performance for removing TSS as shown in Table VII-9
yields a mean effluent concentration of 2.61 mg/l and calculates
to a lO-day average of 4.33, 30-day average of 3.36 mg/l and a
one-day maximum of 8.88. These calculated values more than
amply support the classic thirty-day and one-day values of 10
mg/l and 15 mg/l, respectively, which are used for LS&F.

Although iron concentrations were reduced with the
application of a filter to the lime and settle system, some
facilities using that treatment introduce iron compounds to aid
settling. Therefore, the one-day, ten-day and 30-day values
for iron at·LS&F were held at the L&S level so as to not unduly
penalize the operations which use the relatively less
objectionable iron compounds to enhance removals of toxic
metals.

The removal of additional fluoride by adding polishing filtration
is suspect because lime and settle treatment removes calcium
fluoride to a level near its solubility. The one available data
point appears to question the ability of filters to achieve high
removals of additional fluoride. The fluoride levels
demonstrated for L&S are used as the treatment effectiveness for
LS&F.

MINOR TECHNOLOGIES

Several other treatment technologies were considered ,for possible
application in this category. These technologies are presented
here.
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9. Carbon Adsorption

Application and Performanc~. Carbon adsorption is used to remove.
mercury from wastewaters. The removal rate is influenced by the

process
of one

carbon
of this
organic

Activated carbon is available in both powdered and granular form.
An adsorption column packed with granular activated carbon is
shown in Figure VII-I? A flow diagram of an activated carbon
adsorption system, with regeneration, is shown in Figure VII­
35. Powdered carbon is less expensive per unit weight and
may have slightly higher adsorption capacity, but it is more
difficult to handle and to regenerate.

Activated carbon removes contaminants from water by the
of adsorption, or the attraction and 'accumulation
substance on the surface of another. Activated
preferentially adsorbs organic compounds and, because
selectivity,. is particularly effective in removing
compounds' from aqueous solution.

The term activated carbon applies to any amorphous form of carbon
that has been specially treated to give high ~adsorption

capacities. Typical raw materials include coal, wood, coconut
shells, petroleum base residues, and char from sewage sludge
pyrolysis. A carefully controlled process of dehydration,
carbonization, and oxidation yields a product which is called
activated carbon. This material has a high capacity for
adsorption due primarily ~o the large surface area available for
adsorption, 500 to 1500 m /sq m resulting from a large number
of internal pores. Pore sizes generally range from 10 to
100 angstroms in radius. -

Carbon adsorption requi~es pretreatment to remove excess
suspended solids, oils, and greases. Suspended solids in the
influent should be less than 50 mg!l to minimize backwash
requirements; a downflow carbon bed can handle much higher levels
(up to 2000 mg/l) but requires frequent backwashing. Backwashing
more than two or three times a day is not desirable; at 50 mg!l
suspended solids, one backwash will suffice. Oil and grease
should be less than about 10 mg!l. A high level of dissolved
inorganic material in the influent may cause problems with
thermal carbon reactivation (i.e., scaling and loss of activity)
unless appropriate preventive steps are taken. Such steps might
include pH control, softening, or the use of an acid wash on the
carbon prior to reactivation.

The use of activated carbon to remove dissolved organics from
water and wastewater is a long demonstrated technology. It is
one of the most efficient organic removal processes available.
This sorption process is reversible, allowing activated carbon to
be regenerated for reuse by the ~pplication of heat and stearn or
solvent. Activated carbon has also proved to be an effective
adsorbent for many toxic metals, including mercury. Regeneration
of carbon which has adsorbed significant amounts of metals,
however, may be difficult.



mercury level in the influent to the adsorption unit. In Table
VII-25 removal levels found at three manufacturing facilities are
listed.

In the aggregate these data indicate that very low effluent
levels could be attained from any raw waste by use of multiple
adsorption stages. This is ·characteristic of adsorption
processes.

Isotherm tests have indicated that activated ca:bon is very.
effective in adsorbing 65 percent of the organ1c priority
pollutants and is reasonably effective for another 22 percent.
Specifically, for the organics of particular interest, activated
carbon was very effective in removing 2,4-dimethylphenol,
fluoranthene, isophorone, naphthalene, all phth~lates, and
phenanthrene. It was reasonably effective on 1,1,1­
trichloroethane, l,l-dichloroethane, phenol, and toluene. Table
VII-23 summarizes the treatment effectiveness for most of the
organic priority pollutants by activated catbon as compiled
by EPA. Table VII-24 summarizes classes of organic compounds
together with examples of organics that are readily adsorbed on
carbon.

Advantages and Limitations. The major benefits of carbon
treatment include applicability to a wide variety of organics and
high removal efficiency. Inorganics such as cyanide, chromium,
and mercury are also removed effectively. Variations in
concentration and flow rate are well tolerated. The system is
compact, and recovery of adsorbed materials is sometimes
practical. However, destruction of adsorbed compounds often
occurs during thermal regeneration. If carbon cannot be
thermally desorbed, it must be disposed of along with any
adsorbed pollutants. The capital and operating costs of thermal
regeneration are relatively high. Cost surveys show that thermal
regeneration is generally economical when carbon use exceeds
about 1,000 Ib/day. Carbon cannot remove low molecular weight or
highly soluble organics. It also has a low tolerance for
suspended solids, which must be removed to at least 50 mg/l in
the influent water.

Operational Factors. Reliability: This system sh04ld be very
reliable with upstream protection and proper operation and
maintenance procedures.

Maintainability: This system requires periodic regeneration or
replacement of spent carbon and is dependent upon raw waste load
and process efficiency.

Solid Waste Aspects: Solid waste from this process is
contaminated activated carbon that requires disposal. Carbon
which undergoes regeneration reduces the solid waste
problem by reducing the frequency of carbon replacement.

Demonstration Status. Carbon adsorption systems have been
demonstrated to be practical and economical in reducing COD, BOD,
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10. Centrifugation

In the disc centrifuge, the sludge feed is distributed between
narrow channels that are present as spaces between stacked
conical discs. Suspended particles are collected and discharged
continuously through small orifices in the bowl wall. The
clarified effluent is discharged through an overflow weir.

and related parameters in secondary municipal and industrial
wastewaters; in removing toxic or refractory organicp from
isolated industrial w~stewaters; in removing and recovering
certain organics from wastewaters; and in removing and some times
recovering selected. inorganic chemicals from aqueous wastes.
Carbon adsorption is a viable and economic process for organic
waste streams containing up to 1 to 5 percent of refractory or
toxic organics. Its applicability for removal of inorganics such
as metals has also been demonstrated.
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Virtually all industrial waste
sludge can use centrifugation to
currently being used by a wide

Application and Performance.
treatment systems producing
dewater it. Centrifugation is
range of industrial concerns.

Centrifugation is the application of centrifugal .force to
separate solids and liquids in a liquid-solid mixture or to
effect concentration of the sOlids. The application of
centrifugal force is effective because of the density
differential normally found between the insoluble solids and the
liquid in which they are contained. As a waste treatment
procedure, centrifugation is applied to dewatering of sludges.
One type of centrifuge is shown in Figure VII-lB.

There are three common types of centrifuges; disc, basket, and
conveyor. All three operate by removing solids under the
influence of centrifugal force. The fundamental difference among
the three types is the method by which solids are collected in
and discharged from the bowl.

A second type of centrifuge which is useful in dewatering sludges
is the basket centrifuge. In this type of centrifuge, sludge
feed is introduced at the bottom of the basket, and solids
collect at the bowl wall while clarified effluent overflows the
lip ring at the top. Since the basket centrifuge does not have
provision for continuous discharge of collected cake, operation
requires interruption of the feed for cake discharge for a minute
or two in a 10- to 30-minute overall cycle.

The third type of centrifuge commonly used in sludge dewatering
is the conveyor type. Sludge is fed through a stationary feed
pipe into a rotating bowl in which the solids are settled out
against the bowl wall by centrifugal force. From the bowl wall,
the solids are moved by a screw to the end of the machine, at
which point they are discharged. The liquid effluent is
discharged through ports after passing the length of the bowl
under centrifugal force.



The performance of sludge dewatering by centrifugation depends on
the feed rate, the rotational velocity of the drum, and the
sludge composition and concentration. Assuming proper design and
operation, the solids content of the sludge can be increased to
20 to 35 percent.

Advantages and Limitations. Sludge dewatering centrifuges have
minimal space-requirements and show a high degree of effluent
clarification. The operation is simple, clean, and relatively
inexpensive. The area required for a centrifuge system
installation is less than that required for a filter system or
sludge drying bed of equal capacity, and the initial cost is
lower.

Centrifuges have a high power cost that partially offsets the low
initial cost. Special consideration must also be given to
providing sturdy foundations and soundproofing because of the
vibration and noise that result from centrifuge operation.
Adequate electrical power must also be provided since large
motors are required. The major difficulty encountered in the
operation of centrifuges ~as been the disposal of the concentrate
which is relatively high in suspended, nonsettling solids.

Operational Factors. Reliability: centrifugation is highly
reliable with proper control of factors such as sludge feed,
consistency, and temperature. Pretreatment such as grit removal
and coagulant addition may be necessary, depending on the
composition of the sludge and on the type of centrifuge employed.

Maintainability: Maintenance consists of periodic lubrication,
cleaning, and inspection. The frequency and degree of inspection
required varies depending on the type of sludge solids being
dewatered and the maintenance service conditions. If the sludge
is abrasive, it is recommended that the first inspection of the
rotating assembly be made after approximately 1,000 hours of
operation. If the sludge is not abrasive or corrosive, then the
initial inspection might be delayed. centrifuges not equipped
with a continuous sludge discharge system require periodic
shutdowns for manual sludge cake removal.

Solid Waste Aspects: Sludge dewatered in the centrifugation
process may be disposed of by landfill. The clarified effluent
(centrate), if high in dissolved or susp~nded solids, may require
further treatment prior to discharge.

Demonstration Status. Centrifugation is currently used in a
great many commercial applications to dewater sludge. Work is
underway to improve the efficiency, increase the capacity, and
lower the costs associated with centrifugation.

11. Coalescing

The basic principle of coalescence involves the preferential
wetting of a coalescing medium by oil droplets which accumulate
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used to 'treat oily
gravity systems.
achieved effluent
from raw waste

Coalescing stages may be integrated with a
gravity oil separation devices, and some systems
several coalescing stages. In general, a
skimming step is desirable to avoid overloading

wide variety of
may incorporate
preliminary oil

the coa1escer.

Operational Factors. Reliability: Coalescing is inherently
highly reliable since there are no moving parts, and the
coalescing substrate (monofilament, etc.) is inert in the
process and therefore not subject to frequent regeneration or
replacement requirements. Large loads or inadequate
pretreatment, however, may result in plugging or bypass of
coalescing stages.

Applica'tion and Performance. Coalescing is
wastes which do not separate readily in simple
The three-stage system described above has
concentrations of 10 to 15 mg/l oil and grease
concentrations of 1000 mg/1 or more.

Advantages and Limitations. Coalescing allows removal of oil
droplets too finely dispersed for conventional gravity
separation-skimming technology. It also can significantly reduce
the residence times (and therefore separator volumes) required to
achieve separation of oil from some wastes. Because of its
simplicity, coalescing provides generally high reliability and
low capital and operating costs. Coalescing is not generally
effective in removing soluble or chemically stabilized emulsified
oils. To avoid plugging, coa1escers must be protected by
pretreatment from very high concentrations of free oil and grease
and suspended solids. Frequent replacement of prefi1ters may be
necessary when raw waste oil concentrations are high.

on the medium and then rise to the surface of the solution as
they combine to form larger particles. The most imp0rLa~t

requirements for coalescing media are wettabi1ity for oil and
large surface area. Monofilament 1irteis sometimes used as a
coalescing medium.

The oily water continues on through another cylinder containing
replaceable filter cartridges, which remove suspended particles
from the waste. From there the wastewater enters a finaL
cylinder in which the coalescing materia1.is housed. As the oily
water passes through the many small, irregular, continuous
passages in the coalescing material, the oil droplets coalesce
and rise to an oil collection chamber.

One commercially marketed system for oily waste treatment
combines coalescing with inclined plate separation and
filtration. In this system; the O~lY wastes flow into an
inclined plate settler. This unit consists of a stack of
inclined baffle plates in a cylindrical container with an oil
collection chamber at the top. The oil droplets rise and impinge
upon the undersides of th~ plates. They then migrate upward to a
guide rib which directs the oil to the oil collection chamber,
from which oil is discharged for reuse or disposal.



Maintainability: Maintenance requirements are generally limited
to replacement of the coalescing medium on an infrequent basis.

Solid Waste Aspects: No appreciable solid waste is generated by
this process.

Demonstration status. Coalescing has been'fully demonstrated in
industries generating oily wastewater, although no
nonferrous metals forming plants specifically reported their use.

12. cyanide Oxidation ~ Chlorine

Cyanide oxidation using chlorine is widely used in industrial
waste treatment to oxidize cyanide. Chlorine can be utilized in
either the elemental or hypochlorite forms. This classic
procedure can be illustrated by the following two step chemical
reaction:

1. C12 + NaCN + 2NaOH ----> NaCNO + 2NaCl + H20

2. 3C12 + 6NaOH + 2NaCNp ----> 2NaHC03 + N32 + 6NaCl +
2H20

The reaction presented as Equation 2 for the oxidation of cyanate
is the final step in the oxidation of cyanide. A complete system
for the alkaline chlorination of cyanide is shown in Figure VII­
19.

The alkaline chlorination process oxidizes cyanides to carbon
dioxide and nitrogen. The equipment often consists of an
equalization tank followed by two reaction tanks, although the
reactio~ can be carried out in a single tank. Each tank has an
electronic recorder-controller to maintain required conditions
with respect to pH and oxidation reduction potential (ORP). In
the first reaction tank, conditions are adjust'ed to oxidize
cyanides to cyanates. To effect the reaction,: chlorine is
metered to the reaction tank as required to maintain the ORP in
the range of 350 to 400 millivolts, and 50 percent aqueous
caustic soda is added to maintain a pH range of 9.5 to 10. In
the second reaction tank, conditions are maintained to oxidize
cyanate to carbon dioxide and nitrogen. The desirable ORP and pH
for this reaction are 600 millivolts and a pH of 8.0. Each of
the reaction tanks is equipped with a propeller agitator designed
to provide approximately one turnover per minute. Treatment by
the batch process is accomplished by using two tanks, one for
collection of water over a specified time period, and one for the
treatment of an accumulated batch. If dumps of concentrated
wastes are frequent, another tank may be requ1red to equalize the
flow to the treatment tank. When the holding tank is full, the
liquid is transferred to the reaction tank for treatment. After
treatment, the supernatant is discharged and the sludges are
collected for removal and ultimate disposal.
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Application and Performance. The oxidation· of cyanide .waste by
chlorine is a blassic process and is found in most {ndustria~

plants using cy~nide. This process is capable ot achieving
effluent levels that ~re nondetectable. The process is
potentially applicable to nonferrous metals forming facilities
where cyanide is a component in wastewater.

Advantages and Limitations. Some advantages of chlorine
oxidation for handling process effluents are operation at ambient
temperature, suitability for automatic control, and low cost.
Disadvantages include the need for careful pH control, possible
chemical interference in the treatment of mixed wastes, and the
potential hazard of storing and handling chlorine gas.

Operational Factors. Reliability: Chlorine oxidation is highly'
reliable with proper monitoring and control and proper
pretreatment to control interfering substances.

Maintainability: Maintenance consists of periodic removal pf
sludge and recalibration of instruments.

Solid Waste Aspects: There is no solid waste problem associated
with chlorine oxidation.

Demonstration Status. The oxidation of cyanide wastes by
chlorine is a widely used process in plants using cyanide in
cleaning and metal processing baths. Alkaline chlorination is
also used for cyanide treatment in a number of inorganic chemical
facilities producing hydroganic acid and various metal cyanides.
One nonferrous metals forming plant is currently using this
technology to treat process wastewaters.

13. Cyanide Oxidation ~ Ozone

Ozone is a highly reactive oxidizing agent which is approximately
ten times more soluble than oxygen on a weight basis in water.
Ozone may be produced by several methods, but the silent
electrical discharge method is predominant in the field. The
silent electrical discharge process produces ozone by passing
oxygen or air between electrodes separated by an insulating
material. A .complete ozonatio~ system is represented in Figure
VII-20.

Application and Performance. Ozonation has been ~pplied
commercially to oxidize cyanides, phenolic chemicals, and organo­
metal complexes. Its applicability to photographic wastewaters
has been studied in the laboratory with good results. Ozone is
used in industrial waste treatment primarily to oxidize cyanide
to cyanate and to oxidize phenols and dyes to a variety of
colorless nontoxic products.

Oxidation of cyanide to cyanate is illustrated below:

CN- + 03 ----> CNO- + 02
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Continued exposure to ozone will convert the cyanate formed to
carbon dioxide and ammonia; however, this is not economically
practical.

Ozone oxida~ion of cyanide to cyanate requires 1.8 to 2.0 pounds
ozone per pound of CN-; complete oxidation requires 4.6 to 5.0
pounds ozone per pound of CN-. Zinc, copper, and nickel cyanides
are easily destroyed to a nondetectable level, but cobalt and
iron cyanides are more resistant to ozone treatment.

Advantages and Limitations. Some advantages of ozone oxidation
for handling process effluents are its suitability to automatic
control and on-site generation and the fact that reaction·
products are not chlorinated organics and no dissolved solids are
added in the treatment step. Ozone in the presence of activated
carbon, ultraviolet, and other promoters shows promise of
reducing reaction time and improving ozone utilization, but the
process at present is limited by high capital expense, possible
chemical interference in the treatment of mixed wastes, and an
energy requirement of 25 kwh/kg of ozone generated., Cyanide. is
not economically oxidized beyond the cyanate form.

Operational Factors. Reliability: Ozone oxidation is highly
reliable with proper monitoring and control, and proper
pretreatment to .control interfering substances.

Maintainabili ty·: Maintenance consists of periodic removal of
sludge, and periodic renewal of filters arid desiccators' required
for the input of clean dry air; filter life i~ a function of
input concentrations of detrimental constituents.

Solid Waste Aspects: Pretreatment to eliminate substances which
will interfere with the process may be necessary. Dewatering of
sludge generated in the ozone oxidation process or in an "in
linell process may be desirable prior to disposal.

14. Cyanide Oxidation ~ Ozone With UV Radiation

One of the modifications of the ozonation process is the
simultaneous application of ultraviolet light and ozone for the
treatment of wastewater, including treatment of halogenated,
organics. The combined action of these two forms produces
reactions by photolysis, photosensitization, hydroxylation,
oxygenation, and oxidation. The process is unique because
several reactions and reaction. species are active simultaneously.

Ozonation is facilitated by ultraviolet absorption because both
the ozone and the reactant molecules are raised to a higher
energy state so that they react more rapidly. In addition, free
radicals for use in the reaction are readily hydrolyzed by the
water present. The energy and reaction intermediates created by
the introduction of both ultraviolet and ozone greatly reduce the
amount of ozone required compared with a system using ozone
alone. Figure VII-21 sho'Ns a three-stage UV-ozone system. A'
system to treat mixed cyanides requires pretreatment that
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Demonstration Status. This tree.tment process was introduced in
1971 and is used in several facilities. No nonferrous metals
forming plants use oxidation by hydrogen peroxide.

Application and Performance. The ozone-UV radiation process .was
developed primarily for cyanide treatment in the electroplating
and color photo-processing areas. It has been successfully
applied to mixed cyanides and organics from organic chemicals
manufacturing processes. The process is particularly useful for
trea.tment of complexed cyanides such as ferricy~nide~ copper
cyanide, and rtickel cyanide, which are resistant to ozone alone.
Ozone combined with UV radiation is a relatively new technology.
Four units are currently in operation, and all four treat cyanide.
bearing waste.

nonferrous metals forming
some waste streams.

sedimentation, clarification,

treatment could be used in
destroy cyanide present in

Ozone-UV
plants to

Application and Performance. The hydrogen peroxide oxidation
process is applicable to cyanide-bearing wastewaters, especially
those containing metal-cyanide complexes. In terms of waste
reduction performance, this process can reduce total cyanide to
less than 0.1 mg/l and the zinc or cadmium to less than 1.0 mg/l.

Advantages and Limitations~ Chemical costs are similar to those
for alkaline chlorination using chlorine and lower than those for
treatment. with hypochlotite. All fr~e cyanide reacts and is
completely oxidized to the less toxic cyanate state. In
addition, the metals precipitate and settle quickly, and they may
be recoverable in many instances. However, the process requires
energy expenditures to heat the wastewater prior to treatment.

15. Cyanide Oxidation gy Hydrogen Peroxide

Hydrogen peroxide oxidation removes both cyanide and metals in
cyanjde containing wastewater~. In this process, cyanide bearing
waters are heated to 49 to 54C (120 to l30F) and the pH is
adjusted to 10.5 to 11.8. Formalin (37 percent formaldehyde) is
added while the tank is vigorously agitated. After 2 to 5
minutes, a proprietary peroxygen compound '(41 percent hydrogen
peroxide with a catalyst and additives) is added. After an hour
of mixing, the reaction is complete. The cyanide is ~onve~ted to
cyanate, and the metals are precipitated as oxides or hydroxides.
The metals are then removed from solution by either settling or
filtration.

The main equipment required for this process is two holding tanks
equipped with heaters and air spargers or mechanical stirrers.
These tanks may be used in a batch or continuous fashion, with
one tank being used for treatment while the other is being
filled. A settling tank or a filter is needed to concentrate the
precipitate.

involves chemical coagulation,
equ~lization, and pH adjustment.



16. Evaporation

Evaporation is a concentration process. Water is evaporated from
a solution, increasing the concentration of solute in the
remaining solution. If the resulting water vapor is condensed
back to liquid water, the evaporation-condensation process is
called distillation. However, to be consistent with industry
terminology, evaporation is used in this report to describe both
processes. Both atmospheric and vacuum evaporation are commonly
used in industry today. Specific evaporation techniques are
shown in Figure VII-22 and discussed below.

Atmospheric evaporation could be accomplished simply by boiling
the liquid. However, to aid evaporation, heated liquid is
sprayed on an evaporation surface, and air is blown over the
surface and subsequently released to the atmosphere. Thus,
evaporation occurs by humidification of the air stream, similar
to a drying process. Equipment for carrying out atmospheric
evaporation is quite similar for most applications. The major
element is generally a packed column with an accumula~or bottom.
Accumulated wastewater is pumped from the base of the column,
through a heat exchanger, and back into the top of the column,
where it is sprayed into the packing. At the same time, air
drawn .upward through the packing by a fan is. heated as it
contacts the hot liquid. The liquid partially vaporizes and
humidifies the air stream. The fan then blows the hot, humid air
to the outside atmosphere. A scrubber is often unnecessary
because the packed column itself acts as a scrubber.

Another form of atmospheric evaporator also works on the air
humidification principle, but the evaporated water iS'recovered
for reuse by condensation. These air humidification techniques
operate well below the, boiling point of water and can utilize
waste process heat to supply the eriergy required.

In vacuum evaporation,' the evaporation pressure is lowered to
cause the liquid to boil at reduced temperature. All of the
water vapor is condensed, and to maintain the vacuum condition,
noncondensible gases (air in particular) are removed by a vacuum
pump. Vacuum evaporation may be either single or double effect.
In double effect evaporation, two evaporators are used, and the
water vapor from the first evaporator (which may be heated by
steam) is used to supply heat to. the second evaporator. As it
supplies heat, the water vapor from the first evaporator
condenses. Approximately equal quantities of wastewater are
evaporated in each unit; thus, the double effect system
evaporates twice the amount of water that a single effect system
does, at nearly the same cost in energy but with added capital
cost and complexity. The double effect technique is
thermodynamically possible because the second evaporator is
maintained at lower pressure (higher vacuum) and, therefore,
lower evaporation temperature. Vacuum evaporation equipment may
be classified as submerged tube or climbing film ev~poration

units.
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Another means of increasing energy efficiency is ,vap0.!:.
recompression evaporation, which enables heat to be transferred
from the condensing water vapor to the evaporating wastew~ter.

Water vapor generated from incoming wastewaters flows to a vapor
compressor. The compressed steam than travels through the
wastewater via an enclosed tube 'or coil in which it condenses as
heat is transferred to the's~rrounding soluti6n. In this way,
the compressed vapor se'rves as a heating medium. After
condensation, this distillate is drawn off continuously as the
clean water stream. The heat contairied in the compressed vapor
is used to heat the wastewater, and energy co~ts for system
operation are reduced.

In' the most commonly used submerged tube evaporator, the heating
and condensing coil are contained in a single vessel to reduce
capital cost. The vacuum in the vessel is maintained by an
eductor-type pump, which creates the required vacuum by the flow
of the condenser cooling water through a venturi. Wastewater
accumtilates in the bottom of the vessel, and it is evaporated by
means of submerged 'steam coils. The resultlng water vapor
condenses as it,contactsth~ condensing coils in the top of the
vessel. The condensate then drips off the coridensingcoils into
a collection tiough that c~rries it out of the vessel.
Concentrate is removed from the bottom of the v.essel.

The major elements of the climbing film evaporator are the
evaporator, separator, condenser, and vacuum pump. Wastewater is
"drawn" into the system by the vacuum so that a constant liquid

,level is maintained in the separator. Liquid enters the steam­
jacketed evaporator tubes, and part of it evaporates so tnat a
mixture of vapor and liquid enters 'the separator. The design of
the separator is such that the liquid is continuously circulated
from the separator to the evaporator. The vapor entering the
separator flows out through a mesh entrainment 'separator to the
condenser, where it is condensed as it flows down 'through the
condenser tubes. The condensate, along with any entrained air,
is pumped out of the bottom of the condenser bya liquid ring
vacuum pump. The liquid seal provided by the' condensate keeps
the vacuum in the system from being broken.'

Application and Performance. Both atmospheric and vacuum
,evaporation are used in many industrial plan'ts, mainly for the
concentration and reqovery of process solutions. Many of these
evaporators also recover water for rinsing. Evaporation has also
been applied to recovery of phosphate metal cleaning solutions.

In theory, evaporation should yield a concentrate and a deionized
condensate. Actually, carry-over has resulted in condensate
metal concentrations as high as 10 mg/l, although the usual level
is less than 3 mg/l,~ pure enough for most final rtnses. The
condensate may also contain organic brighteners and antifoa~ing

agents. These can be removcu with an activated carbon bed, if
necessary. Samples from orie plant showed 1,900 mg/l zinc in the
feed, 4,570 mg/l in the concentrate, and 0.4 mg/l in the
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condensate. Another plant had 416 mg/l copper in the feed and
21,800 mg/l in the concentrate. Chromium analysis for that plant
indicated 5,060 mg/l in the feed and 27,500 mg/l in the
<concentrate. Evaporators are available in a range of capacities,
typically from 15 to 75 gph, and may be used in parallel
arrangements for pr?cessing of higher flow rates.

Advantages and Limitations. Advantages of the evaporation
process are tha~ it permits recovery of a w~de variety of process
chemicals, and it is often applicable to concentration or removal
of compounds which cannot be accomplished by any other means.
The major disadvantage is that the evaporation process consumes
relatively large amounts. of energy for the evaporation of water.
However, the recovery of waste heat from many industrial
processes (e.g., diesel generators, incinerators, boilers and
furnaces) should be considered as a source of this heat for a
totally integrated evaporation system. Also, in some cases solar
heating could be inexpensively and effectively applied to
evaporation units. Capital costs for vapor compression
evaporators are substantially higher than for othe~ types of
evaporation equipment. However, the energy costs associated with
the operation of a vapor compression evaporator are significantly
lower than costs of other evaproator types. For some
applications, pretreatment may be required to remove solids or
bacteria which tend to cause fouling in the condenser or
evaporator. The buildup of scale on the evaporator surfaces
reduces the heat transfer efficiency and may present a
maintenance problem or increase operating cost. However, it has
been demonstrated that fouling of the heat transfer surfaces can
be avoided or minimized for certain dissolved solids by
maintaining a seed slurry which provides preferential sites for
precipitate deposition. In addition, low temperature differences
in the evaporator will eliminate nucleate boiling and
supersaturation effects. Steam distillable impurities in the

'process stream are carried over with the product water and must
be handled by pre- or post-treatment.

Operational Factors. Reliability: Proper maintenance will
ensure a high degree of reliability for the system. without such
attention, rapid fouling or deterioration of vacuum' seals may
occur, especially when corrosive liquids are handled.

Maintainability: Operating parameters can be automatically
controlled. Pretreatment may be required, as well as periodic
cleaning of ' the system. Regular replacement of seals, especially
in a corrosive envJ.ron,ment, may be necessary.

Solid Waste Aspects: Wi th only a few exceptions, .the process
does not generate appreciable quantities of solid waste~

Demonstration Status. Evaporation is a fully developed,
commercially available wastewater treatment system. It is used
extensively to recover plating chemicals in the electroplating
industry, and a pilot scale unit has been used in connection with
phosphating of aluminum. Proven performance in silver recovery
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indicates that evaporation could be a useful treatment operation
for the photographic industry, as well as for metal finishing.
Vapor compression evaporation has been practically demonstrated
in a number of industries, including chemical manufacturing, food
processin9, pulp and paper, and metal working.

17. Flotation

flotation is the process of causing particles such as metal
hydroxides or oil to float to the surface of a tank where they
can be concentrated and removed. This is accomplished by
releasing gas bubbles which attach to the solid particles,
increasing their buoyancy and causing them to float. In
principie, this process is the opposite of sedimentation. Figure
VII-23 'shows one type of flotation system.

Flotation is used primarily in the treatment of wastewater
streams that carry heavy loads of finely divided suspended solids
or oil. Solids having a specific gravity only slightly greater
than 1.0, which would require abnormally long sedimentation
times, may be removed in much less time by flotation. Dissolved
air flotation is of greatest interest in removing oil from water
and is less effective in removing heavier precipitates.

This process may be performed in several ways: foam, dispersed
air, dissolved air, gravity, and vacuum flotation, are the most
commonly used techniques. Chemical additives are often used to
enhance the performance of the flotation process.

The principal difference among types of flotation is' the method
of generating the minute gas bubbles (usually air) in a
suspension of water and small particles. Chemicals. may be used
to improve the efficiency with any of the basic methods. The
following paragraphs describe the different flotation techniques
and the method of bubble generation for each process.

Froth Flotation - Froth flotation is based on differences in the
physiochemical properties in various particles. Wettability and
surface properties affect the particles' ability to attach
themselves to 'gas bubbles in an aqueous medium. In froth
flotation, air is blown through the solution containing flotation
reagents. The particles with water repellant surfaces stick to
air bubbles as they rise and are brought to the surface. A
mineralized froth layer, with mineral particles attached to air
bubbles, is formed. Particles of other minerals which are
readily wetted by water do not stick to air bubbles and remain in
suspension.

Dispersed Air Flotation - In dispersed air flotation, gas bubbles
are generated by introducing the air by means of mechanical
agitation with impellers or by forcing air through porous media.
Dispersed air flotation is used mainly in the metallurgical
industry.

1365



Dissolved Air Flotation - In dissolved air flotation, bubbles are
produced by releasing air from a supersaturated solution under
relatively high pressure. There are two types of contact between
the gas bubbles and particles. The first type is predominant in
the flotation of flocculated materials and involves the
entrapment of rising gas bubbles in the flocculated particles as
they increase in size. The bond'between the bubble and particle
is one of physical capture only. The second type of contact is
one of adhesion. Adhesion results from the intermolecular
attraction exerted at the interface between the solid particle
and gaseous bubble.

Vacuum Flotation This process consists of saturating the
wastewater with air either directly in an aeration tank, or by
permitting air to enter on the suction of a wastewater pump. A
partial vacuum is applied, which causes the dissolved air to come
out of solution as minute bubbles. The bubbles attach to solid
particles and rise to the surface to form a scum blanket, which
is normally removed by a skimming mechanism. Grit and other
heavy solids that settle to the bottom are generally raked to a
central sludge pump for removal. A typical vacuum flotation unit
consists of a covered cylindrical tank in which a partial vacuum
is maintained. The tank is equipped with scum and sludge removal
mechanisms. The floating material is continuously swept to the
tank periphery, automatically discharged into a scum trough, and
removed from the unit by a pump also under partial vacuum.
Auxiliary equipment includes an aeration tank for satur~ting the
wastewater with air, a tank with a short retention time for
removal of large bubbles, vacuum pumps, and sludge pumps.

Application and Performance. The primary variables for flotation
design are pressure, feed solids concentration, and retention
period. The suspended solids in the effluent decrease, and the
concentration of solids in the float increases with increasing
retention period. When the flotation process is used primarily
for clarification, a retention period of 2~ to 30 minutes usually'
is adequate for separation and concentration.

Advantages and Limitations. Some advantages of the flotation
process are the high levels of solids separation achieved in many
applications, the relatively low energy requirements, and the
adaptability to meet the treatment requirements of different
waste types. Limitations of flotation are that it often requires
addition of chemicals to enhance process performance and that it
generates large quantities of solid waste.

Operational Factors. Reliability: Flotation systems normally,
are very reliable with proper maintenance of the sludge collector
mechanism and the motors and pumps used for aeration.

Maintainability: Routine,maintenance is required on the pumps
and motors. The sludge collector mechanism is subject to
possible corrosion or breakage and may require periodic
replacement.
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Limitations of the sludge thickening process are its' sensitivity
to the flow rate through the thickener and the sludge removal
rate. These rates must be low enough not to disturb the
thickened sludge.

Operational Factors. Reliability: Reliability is high with
proper design and operation. A ~ravity thickener is designed on
the basis of square feet per pound of solids per day, in which
the required surface area is related to the solids 'entering and

18. Gravity Sludge Thickening

In the gravity thickening process, dilute sludge is fed from a
primary settling tank or clarifier to a thickening tank where,
rakes stir the sludge gently to densify it and to push it to a
central collection well. The supernatant is returned to the
primary settling tank. The thickened sludge that collects on the
bottom of the tank is pumped to dewatering equipment or hauled
away. Figure VII-24 shows the construction of a gravity
thickener.

gravity
sludge

minimum

Advantages and Limitations. The principal advantage of a
sludge thickening process is that it facilitates further
dewatering. Other advantages are high reliability and
maintenance requirements.

Application ,and' Performance. Thickeners are generally used in'
facilities where the sludge is to be further dewatered by a
compact mechanical device such as a vacuum filter or centrifuge.
Doubling the solids content in the thickener substantially
reduces capital and operating cost of the subsequent dewatering
device and also reduces cost for hauling. The' process is
potentially applicable to almost any industrial plant.

Organic sludges' from sedimentation units of one to two percent
solids concentration can usually be gravity thickened to six to
ten percent; chemical sludges can be thickened to four to six
percent.

Solid Waste Aspects: Chemicals are commonly used to aid the
flotation process by creating a surface ora structure that c~~

easily adsorb or entrap air bubbles. Inorganic chemical$, such
as the aluminum and ferric salts, and activated silicat can bind
the particulate matter together and create a structure that can
entrap air bubbles. Various organic chemicals can change the
nature of e~ther the air-liq~id interface or the solid-liquid
interface, or both. These compounds usually' collect on the
interface to bring about the desired changes. The added
chemicals plus the particles in solution combine to form a large
volume of sludge which must be further treated or properly
disposed.

Demonstration Status. Flotation is a fully developed process and
is readily available for the treatment of a wide variety of
industrial waste streams.



leaving the unit. Thickener area requirementB are aiso expressed
in terms of mass loading, grams of solids per square meter per
day (lbs/sq ft/day).

Maintainability: Twice a year, a thickener must be shut down for
lubrication of the drive mechanisms. Occasionally, water must b~

pumped back through the system in order t~ clear sludge pipes.

Solid Waste Aspects: Thicke,ned sludge from a gravity thickening
process will usually requir~ further dewatering prior to'
disposal, incineration, or drying. The clear effluent may be
recirculated in part, or it may be subjected to further treatment
prior to discharge.

Demonstration status. Gravity sludge 'thickeners are used
throughout industry to reduce water content to a level where the
sludge may be efficiently handled. Further dewatering is ~sually

practiced to minimize costs of hauling the sludge to ~pproved

landfill areas.

19. Insoluble Starph Xanthate

Insoluble starch xanthate is essentially an ion exchange medium
used to remove dissolved heavy metals from wastewater. The water
may then either be reused (recovery . application) or discharged
(end-of-pipe application). In a commercial electroplating oper­
ation, starch xanthate is coated on a fil~er medium. Rinse water
containing dragged out heavy metals ,is circulated through the
filters and then reused for rinsing. The starcn-heavy metal
complex is disposed of and replaced. periodically. Laboratory
tests indicate that recovery of metals from the'complex is
feasible, with regeneration of the starch xanthate. Besides
electroplating, starch xanthate is potentially applicable to any
other industrial plants where dilute metal wastewater streams are
generated. Its present use is limited to one electroplating
plant. '

20. Ion Exchange

Ion exchange is a process in which ions, held by electrosta~ic

forces to charged functional groups on the surface of the 10n
exchange resin, are exchanged for ions of similar charge from the
solution in which the resin is immersed. This is classified as a
sorption process because the exchange occurs on the surface of
the resin, and the exchanging ion must undergo a phase transfer
from solution phase to solid phase. Thus, ionic contaminants in
a waste stream can be exchanged for the harmless ions of the
resin.

Although the precise technique may vary slightly according to the
application involved, a generalized process description follows.
The wastewater stream being treated passes through a filter to
remove any solids, then flows through a cation exchanger which
contains the ion exchange resin. Here, metallic impurities such
as copper, iron, and trivalent chromium are retained.' The stream
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B) In-Place Regeneration: Some establishments may find
it less expensive to do their own regeneration. The
spent resin column is shut down for perhaps an
hour, and the spent resin is regenerated. 'This
results in one br more waste streams which must be
treated in an appropriate manner. Regeneration is
performed a~ the resins require it, usually every few
months.

then passes through the anion exchanger and its associated resin.
"Hexavalent chromium, for example, is retained in this sta.ge. if
one pass does not reduce the contaminant levels sufficiently, the
stream may then enter another series of exchangers. Many ion
exchange systems are equipped with more than one set of
exchangers. for this reason. A strongly basic anion exchange
resin may be used alone to remove precious metals, such as gold,
palladium and platinum.

The other major portion of the ion exchange process concerns the
regeneration of the resin, which now holds those impurities
retained from the waste stream. An ion exchange unit with in­
place regeneration is shown in Figure VII-25. Meta~ ions such
as nickel are removed by an acid, cation exchange resin,
which is regenerated with hydrochloric or sulfuric acid,
replacing the metal ion with one or more hydrogen ions. Anions
such as dichromate are removed by a basic, anion exchange resin,
which is regenerated with sodium hydroxide, replacing the anion
with one or more hydroxyl ions. The three principal methods
employed by industry for regenerating the spent resin are:

A) Replacement Service: A regeneration service
replaces the spent resin with regenerated resin,
and regenerates the spent resin at its own facility.

,The service then has the prob~em of treating and
disposing of the spent regenerant.
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Cyclic Reg~neration: Ih .this process, the regeneration
of the spent-resins takes place within the ion exchange
unit itself in alternating cycles with the ion
removal process. A regeneration frequency of twice an
hour is typical. This very short cycle time
permits operation with a very small quantity of resin
and with fairly concentrated solutions, resulting in a
very compact system. Again, this process varies
according to application, but the regeneration cycle
generally begins with caustic being pumped through the
anion exchanger, carrying out hexavalent chromium, for
example, as .sodium dichromate. The sodium dichromate
stream then passes through a cation exchanger,
converting the sodium dichromate to chromic acid.
After concentration by evaporation or ,other means,
the chromic acid can be returned to the process line.
Meanwhile, the cation exchanger is ' regenerated
with sulfuric acid, resulting in a waste acid stream'
containing the metallic impur i ties removed ear li,er.
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Flushing the exchangers with water completes the
cycle. Thus, the wastewater is purified and, in this
example, chromic acid is recovered. The ion
exchangers, with newly regenerated resin, then enter
the ion removal cycle again.

Application and Performance. 'The list of pollutants for which
the ion exchange system has proved effective includes aluminum,
arsenic, cadmium, chromium (hexavalent and trivalent), copper,
cyanide, gold, iron, lead, manganese, nickel, platinum and
palladium, selenium, silver, tin, zinc, and more. Thus, it
can be applied to a wide variety of industrial concerns. Because
of the heavy concentrations of metals in their wastewater,
the metal finishing industries utilize ion exchange in several
ways. As an end-of-pipe treatment, ion exchange is certainly
feasible, but its greatest value is in recovery'applications. It
is commonly used as an integrated treatment to recover
rinse water and process chemicals. Some electroplating
facilities use ion exchange to concentrate and purify
plating baths. Also, many industrial concerns us~ ion exchange
to reduce salt concentrations in incoming water sources.

Ion exchange is highly efficient at recovering metal bearing
solutions. Recovery of chromium, nickel, phosphate solution, and
sulfuric acid from anodizing is common. ,A chromic acid
recovery efficiency of 99.5 percent has been demonstrated.
Typical data for purification of rinse water have been. reported
and are displayed in Table VII-26., Sampling at a nonferrous
metals manufacturing battery manufacturing plant characterized
influent and effluent streams for an ion exchange unit on a
silver bearing waste. This system was in start-up at the time
of sampling, however, and was not found to be operating
effectively.

Advantages and Limitations. Ion exchange is a versatile
technology applicable to a great many situations~ This
flexibility, along with its compact nature and performance, makes
ion exchange a very effective method of wastewater treatment.
However, the resins in these systems can prove to be a limiting
factor. The thermal limits of the anion resins, generally in the
vicinity of 60C, could prevent its use in certain situations.
Similarly, nitric acid, chromic acid, and. hydrogen peroxide can
all damage the resins, as will iron, manganese, and copper when
present with sufficient concentrations of dissolved oxygen.
Removal of a particular trace contaminant may be uneconomical
because of the presence of other ionic species that are
preferentially' removed. The regeneration of the resins presents
its own problems. The cost of the regenerative chemicals can
be high. In addition, the waste streams originating from the
regeneration process are extremely high in pollutant
concentrations, although low in volume. These must be
further processed for proper disposal.
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Operational Factors. Reliability: With the exception of
occasional clogging or fouling of the resins, ion exchange r.~3

proved to be a highly dependable technology.

Maintainability: Only the normal maintenance of pumps, valves,
piping and other hardware used in the regene~ation process is
required.

Solid Waste Aspects: Few, if any, solids accumulate within the
ion exchangers, and those which do appear are removed by the re­
generation process. Proper prior treatment and planning can eli­
minate solids buildup problems altogether. The brine
resulting from regeneration of the ion exchange resin
usually must be treated to remove metals before . discharge.
This can generate solid waste.

Demonstration Status. All of the applications mentioned in this
document are available for commercial use, and industry sources
estimate the number of units currently in the field at well over
120. The research and develOpment in ion exchange is focusing on
improving the quality and efficiency of the resins, rather than
new applications. Work is also being done on a continuous
regeneration process whereby the resins are contained on a fluid­
transfusible belt. The belt passes through a compartmentalized
tank with ion exchange, washing, and regeneration sections. The
resins are therefore continually used and regenerated. No such
system, however, has been reported beyond the pilot stage.

21. Membrane Filtration

Membrane filtration is a treatment system for removing
precipitated metals from a wastewater stream. It must therefore
be preceded by those treatment techniques which will properly
prepare the wastewater for solids removal. Typically, a membrane
filtration unit is preceded by pH adjustment or sulfide addition
for precipitation of the metals. These steps are follOwed by the
addition of a proprietary chemical reagent which causes the
precipitate to be nongelatinous, easily dewatered, and highly
stable. The resulting mixture of pretreated wastewater and
reagent is continuously recirculated through a filte~ mOdule and
back into a recirculation tank. The filter module contains
tubular membranes. While the reagent-metal hydroxide precipitate
mixture flows through the inside of the tubes, the water and any
dissolved salts permeate the membrane. When the recirculating
slurry reaches a concentration of 10 to 15 percent solids, it is
pumped out of the system as sludge.

Application and Performance. Membrane filtration appears to be
applicable to any wastewater or process water containing metal
ions which can be precipitated using hydroxide, sulfide or
carbonate precipitation. It could function as the primary
treatment system, but also might find application as a polishing
treatment (after precipitatiou and settling) to ensure continued
compliance with metals limitations. Membrane filtration systems.
are being used in a number of industrial applications,
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particularly in the metal fin1shing area. They have ~lso been
used for toxic metals removal in the metal fabrication industry
and the paper industry.

The permeate is claimed by one manufacturer to contain :less than
the effluent concentrations shown in Table VII-27 regardless
of the influent concentrations. These claims have been
largely substantiated by the analysis of' water samples at
various plants in various industries. '

In the performance predictions for this technology, pollutant
concentrations are reduced to the levels shown in Table VII-27
unless lower levels are present in the influent stream.

Advantages and Limitations. A major advantage of the membrane'
filtration system is that installations can use most of the
conventional end-of-pipe systems that may already be in place.
Removal efficiencies are claimed to be excellent, even with
sudden variation of pollutant input rates: however, the
effectiveness of the membrane filtration system can be limited by
clogging of the filters. Because pH'changes in the waste stream
greatly intensify clogging problems, the pH must be carefully
monitored and controlled~ Clogging can force the shutdown of
the system and may interfere with production. In addition,
the relatively high capital cost of this system may limit its
use.

Operational Factors. Reliability: Membrane filtration has been
shown to be a very reliable sys'tem, provided that the pH is
strictly controlled. Improper pH can result in the clogging of
the membrane. Also, surges in the flow rate of the waste stream
must be controlled in order to prevent solids from passing
through the filter and into the effluent.

Maintainability: The membrane filters must be regularly
monitored, and cleaned or replaced as necessary. Depending on
the composition of the waste stream and its flow rate, frequent
cleaning of the filters may be required. Flushing with
hydrochloric acid for 6 to 24 hours will usually suffice. In
addition, the routine maintenance of pumps, valves, and other
plumbing is required.

Solid Waste Aspects: When the recirculating reagent-precipitate
slurry reaches 10 to 15 percent solids, it is pumped out, of the
system. It can then be disposed of directly or it can undergo a
dewatering process. Because this sludge contains toxic metals,
it requires proper disposal.

Demonstration Status. There are more than 25 membrane filtration
systems presently in use on metal finishing and similar
wastewaters. Bench scale and pilot studies are being run in an
attempt to expand the list of pollutants for which this system is
known to be effective.
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22. Peat Adsorption

Peat moss is a complex natural organic material containing lignin
and cellulose as major constituents. These constituents,
particularly lignin, bear polar functional groups, such as
alcohols, aldehydes, ketones, acids, phenolic hydroxides, and
ethers, that can be involved in chemical bonding. Because of the
polar nature of the material, its adsorption of dissolved solids
such as transition metals and polar organic molecules is quite
high. These properties have led to the use of peat as an agent
for the purification of industrial wastewater.

P~at adsorption is a "polishing" process which can achieve very
low effluent concentrations for several pollutants. If the
concentrations of pollutants are above 10 mg/l, then peat
adsorption must be preceded by pH adjustment for metals
precipitation and subsequent clarification. Pretreatment is also
required for chromium wastes using ferric chloride and sodium
sulfide. The wastewater is then pumped into a large metal
chamber called a kier which contains a layer of peat through
which the waste stream passes. The water flows to a second kier
for further adsorption. The wastewater is then ready for
discharge. This system may be automated or manually operated.

Application and Performance. Peat adsorption can be used in
nonferrous metals forming for removal df residual diss-olved
metals from clarifier effluent. Peat moss may be used to
treat wastewaters containing heavy metals such as mercury,
cadmium, zi.nc, copper, iron, nickel, chromium, and- lead, as
well as organic matter such as oil, detergents, . and
dyes. Peat adsorption is currently used commercially at a
textile plant, a newsprint facility, and a metal reclamation
operation.

Table VII-28 contains performanc~ figures obtained from pilot
plant studies. Peat adsorption was preceded by pH adjustment
for precipitation and by clarification •

.,

In addition, pilot plant studies have shown that chelated metal
wastes, as well as the chelating agents themselves, are removed
by contact with peat moss.

Advantages and Limitations. The major advantages of the system
include its ability to yield low pollutant concentrations, its
broad ,scope in terms of the pollutants eliminated, and its
capacity to accept wide variations of waste water composition.

Limitations include the cost of purchasing, storing, and
disposing of the peat moss; the necessity for regular replacement
of the peat may lead to high operation and maintenance costs.
Also, the pH adjustment must be altered according to the
composition of the waste stream.

Operational Factors. Reliability: The question 'of long ter~

reliability is not yet fully answered. Although the manufacturer
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reports it to be a highly reliable system, operating experience
is needed to verify the claim.

Maintainability: The peat moss used in this process soon
exhausts its capacity to adsorb pollutants. At that time, the
kiers must be opened, the peat removed, and fresh peat placed
inside. Although this procedure is easily and quickly
accomplished, it must be done at reQular intervals, or the
system's efficiency drops drastically.

Solid Waste Aspects: After removal from the kier, the spent peat"
must be eliminated. If incineration is used, precautions should
be taken to insure that those pollutants removed, from the water
are not released again in the combustion process. Presence of
sulfides in the spent peat, for example, will give rise to sulfur
dioxide in the fumes from burning. The presence of significant
quantities of toxic heavy metals in battery manufacturing
wastewater will in general preclude incineration of peat used in
treating these wastes.

Demonstration Status. Only three" facilities currently use
commercial adsorption systems in the United States - a textile
manufacturer, a newsprint facility, and a metal reclamation firm.
No data have been reported showing the use of peat adsorption in
nonferrous metals forming plants. '

23. Reverse Osmosis

The process of osmosis involves the passage of a liquid through a
semipermeable membrane from a dilute to a mo~e concentrated
solution. Reverse osmosis (RG) is an operation in which pressure
is applied to the more concentrated solution, forcing the per­
meate to diffuse through the membrane and into the more dilute
solution. This filtering action produces a concentrate and a
permeate on opposite sides of the membrane. The concentrate can
then be further treated or returned to the original operation for
'continued use, while the permeate water can be recycled for use
as clean water. Figure VII-26 depicts a reverse osmosis
system.

As illustrated in Figure VII-27, there are three basic
configurations used in commercially available RO modules:
tubular, spiral-wound, and hollow fiber." All of these operate on
the principle described above, the major difference being their
mechanical and structural design characteristics.

The tubular membrane module uses a porous tube with a cellulose
acetate membrane lining. A common tubular module consists of a
length of 2.5 cm (1 inch) diameter tube wound on a supporting
spool and encased in a plastic shroud. Feed water is driven into
the tube under pressures varying from 40 to 55 atm ,(600-800 psi).
The permeate passes through the walls of the tube and is
collected in a manifold while the concentrate is drained off at
the end of the tube. A less widely used tubular RO module uses a
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straight tube contained in a housing, under the same operating
conditions.

Spiral-wound membranes consist of a porous backing sandwiched
between two cellulose acetate membrane sheets and bonded along
three edges. The fourth edge of the composite sheet is attached
to a large permeate collector tube. A spacer screen is then
placed on top of the membrane sandwich, and the entire stack is
rolled around the centrally located tubular permeate collector.
The rolled up package is inserted into a pipe able to withstand
the high operating pressures employed in this process, up to 55
atrn (800 psi) with the spiral-wound module. When the system is
operating, the pressurized product water permeates the membrane
and flows through the backing material to the central collector
tube. .The concentrate is drained off at the end of the container
pipe and can be reprocessed or sent to further treatment facili~

ties.

The hollow fiber membrane configuration is made up of a bundle of
polyamide fibers of approximately 0.0075 cm (0.003 in.) 00 and
0.0043 cm (0~0017 in.) ID. A commonly used hollow fiber module
contains several hundred thousand of the fibers placed in a long
tube, wrapped around a flow screen, and rolled into a spiral.
The fibers are bent in a U-shape and their ends are supported by
an epoxy bond. The hollow fiber unit is operated under 27 atm
(400 psi), the feed water being dispersed from the center of the
module through a porous distributor tube. Permeate flows through
the membrane to the hollow interiors of the fibers and is
collected at ·the ends of the fibers.

Application and Performance. In a number of metal processing
plants, the overflow from the first rinse in a countercurrent
setup is directed to a reverse osmosis unit, where it is
separated into two streams. The concentrated stream contains
dragged out chemicals and is returned to the bath to replace the
loss of solution caused by evaporation and.dragout. The dilute
stream (the permeate) is routed to the last rinse tank to provide
water for the rinsing operation. The rinse flows from the last
tank to the first tank, and .the cycle is complete.

The closed-loop system described above may be supplemented by the
addition of a vacuum evaporator after the RO unit in order to·
further reduce the volume of reverse osmosis concentrate. The
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evaporated vapor can be condensed and returned to the last rinse
tank or sent on for further treatment.

The largest application has been for the recovery of 'nickel solu­
tions. It has been shown that RO can generally be applied to
most acid metal baths with a high' degree of ,performance,
providing that the membrane 'unit is not overtaxed. The
limitations most critical here are the allowable pH range and
maximum operating pressure for each pa~ticular configuration.
Adequate prefiltration is ·also essential. Only three membrane·
types are readily available in commercial RO units, and their
overwhelming use has been for the recovery of various acid metal
baths. For the purpose of calculating performance predictions of
this technology, a rejection ratio of 98 percent is assumed for
dissolved salts, with 95 percent permeate recovery .

•
Advantages and Limitations. The major advantage' of reverse
osmosis for~andling process effluents is its ability to
concentrate dilute solutions for recovery of salts and chemicals
with low power requirements. No latent heat of vaporization or
fusion is required for effecting separations; the main energy
requirement is for a high pressure pump. It requires relatively
little floor space for compact, high capacity units, and it
exhibits good recovery and rejection rates for a number of
typical process solutions. A limitation of the reverse osmosis
process for treatment of process effluents is its limited
temperature range for satisfactory op~ration. For cellulose
acetate systems, the preferred limit$ are 18 to 30e (65 to 85F);
higher temperatures will increase the rate of membrane
hydrolysis and reduce system life, while lower temperatures will
result in decreased fluxes with no damage to the membrane.
Another limitation is inability to handle certain solutions.
strong oxidizing agents, strongly acidic or basic solutions,
solvents, and other organic compounds can cause dissolution of
the membrane. Poor rejection of some compounds such as borates
and low molecular weight organics is another problem. Fouling of
membranes by slightly soluble components in solution or colloids
has caused failures, and fouling of membranes by feed waters with
high levels of suspended solids can be a problem. A final
limitation is inability to treat or achieve high concentration
with some solutions. Some concentrated solutions may have
initial osmotic pressures which are so high that they either
exceed available operating pressures or are uneconomical to
treat.

Operational Factors. Reliability: Very good reliability is
achieved so long as the proper precautions are taken to minimize
the chances of fouling or degrading the membrane. Sufficient
testing of the waste stream prior to application of an RO system
will provide the information needed to insure a successful
application.

Maintainability: Membrane life is estimated to range from six
months to three years, depending on the use of the system.
Downtime for flushing or cleaning is on the order of two hours as
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24. Sludge Bed Drying

often as once each week; a substantial portion of maintenance
time must be spent on cleaning any prefilters installed ahead of
the reverse osmosis unit.

Drying . beds are usually divided into sectional areas
approximately 7.5 meters (25 ft) wide x 30 to 60 meters (100 to
200 ft) long. The partitions may be earth embankments, but more
often are made of planks and supporting grooved posts.,

means of
They are
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Application and Performance, Sludge drying beds are. a
dewatering sludge from clarifiers and thickeners.

Where it is necessary to dewater sludge continuously throughout
the year regardless of the weather, sludge beds may be covered
with a fiberglass reinforced plastic or other roof. Covered
drying beds permit a greater volume of sludge drying per year in
most climates because of the protection afforded from rain or
snow and because of more efficient control of temperature.
Depending on the climate, a combination of open and ericlosed beds
will provide maximum utilization of the sludge bed drying
facilities.

To apply liquid sludge to the sand bed, a closed conduit or a
pressure pipeline with valved outlets at each sand bed section is
often employed. Another method of application is by means of an
open channel with appropriately placed side openings which are
controlled by slide gates. With either type of delivery system,
a concrete splash slab should be provided to receive the falling
sludge and prevent erosion of the sand surface.

As a waste treatment procedure, sludge bed drying is employed to
reduce the water content of a variety of sludges to the point
where they are amenable to mechanical collection and removal to
landfill. These beds usually consist of 15 to 45 cm (6 to 18
in.) of sand over a 30 cm (12 in.) deep gr~vel drain system made
up of 3 to 6 mm (1/8 to 1/4 in.) graded gravel overlying drain
tiles. Figure. VII-28 shows the construction of a drying
bed.

Solid Waste Aspects: In a closed loop system utilizing RO,
there is a constant recycle of concentrate and a minimal
amount of solid waste. Prefiltration eliminates many solids
before they reach the module and helps keep the buildup to a
minimum. These solids require proper disposal.

Demonstration Status. There are presently at least one hundred
reverse osmosis wastewater applications in a variety of
industries. In addition to these, there are 30 to 40.units being
used to provide pure process water for several ·industries.
Despite the many types and configurations of membranes, only the
spiral-wound cellulose acetate membrane has had widespread suc­
cess in commercial applications.
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Its disadvantages are ~he large area of land required and long
drying times that depend, to a great extent, on climate and
weather.

Advantages and Limitations. The main advantage of sludge drying
beds over other types of sludge dewatering is the relatively low
cost of construction, operation, and.maintenance.

treatmentindustrialandmunicipalwidely used both in
facilities.

Dewatering of sludge on sand beds occurs by two mechanisms:
filtration of water through the bed and evaporation of water as a
result of radiation and convec~ion. Filtration is generally
complete in one to two days and may result in solids
concentrations as high as 15 to 20 p~rcent. The rate of
filtration depends on the drainability of the sludge.

The rate of air drying of sludge is related to temperature,
relative humidity, and air velocity. Evaporation will proceed at
a constant rate to a critical moisture content, then at a falling
rate to an equilibrium moisture content. The average evaporation
rate for a sludge is about 75 percent of that from a free water
su~face.

Operational Factors. Reliability: Reliability is high with
favorable climatic conditions, proper bed. design and care to
avoid excessive or unequal sludge application. If climatic
conditions in a given area are not favorable for adequate drying,
a cover may be necessary.

Maintainability: Maintenance consists basically of periodic
removal of the dried sludge. Sand removed from the drying bed
with the sludge must be replaced and the sand layer resurfaced.

The resurfacing of sludge beds is the major expense item in
sludge bed maintenance, but there are other areas which may
require attention. Underdrains occasionally become clogged and
have to be cleaned. Valves or sludge gates that control the flow
of sludge to the beds must be kept watertight. Provision for
drainage of lines in winter should be provided to prevent damage
from freezing. The partitions between beds should be tight so
that sludge will not flow from one compartment to another. The
outer walls o'r banks around the beds should also be watertight.

Solid Waste Aspects: The full sludge drying bed must either be
abandoned or the collected solids must be removed to a landfill.
These solids contain whatever metals or other materials were
settled in the clarifier. Metals will be present as hydroxides,
oxides, sulfides, or other salts. They have the potential for
leaching and contaminating ground water, whatever the location of
the semidried solids. Thus the abandoned bed or landfill should
include provision for runoff control and leachate monitoring.



The test data in Table VII-29 indicate ultrafiltration
performance (note thatUF is not intended to remove dissolved
solids). The removal percentages shown are typical, but they
can be influenced by pH and other conditions.

In an ultrafiltration process, the feed solution is pumped
through a tubular membrane unit. Water and some low molecular
weight materials pass through the membrane under the applied
pressure of 2 to 8 atm (10 to 100 psig). Emulsified oil droplets
and suspended particles are retained, concentrated, and removed
continuously. In contrast to ordinary filtration, retained
materials are washed off the membrane filter rather than held by
it. Figure VII-29 represents the ultrafiltration process.
Figure VII-34, shows a flow diagram for a batch treatment
ultrafiltration system.

Ultrafiltration (UF) is a process which uses semipermeable
polymeric membranes to separate emulsified or colloidal materials
suspended in a liquid phase by pressurizing the liquid so that it
permeates the membrane. The membrane of an ultrafilter forms a
molecular screen which retains molecular particles based on their
differences in size, shape, and chemical structure. The membrane
permits passage of solvents and lower molecular weight molecules.
At present, an ultrafilter is capable of removing materials with
molecular weights in the range of 1,000 to 100,000 and particles
of comparable or larger sizes.

ultrafiltration unit is
reused in industrial

beds have been in common use in
facilities for many yea~0.

water from contamination is not
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a quality that can be

25. Ultrafiltration

Demonstration Status. Sludge
both municipal and industrial
However, protection of ground
always adequate.

Applicat~on and Performance. Ultrafiltration has potential
application to nonferrous metals forming wastewater for
separation of oils and residual solids from a variety of
waste streams. In treating nonferrous metals forming wastewater,
its greatest applicability would be as a polishing treatment to
remove residual precipitated metals after chemical
precipitation and clarification. Successful commercial use,
however, has been primarily for separation of emulsified
oils from wastewater. Over one hundred such units now operate in
the United States, treating emulsified oils from a variety
of industrial processes. Capacities of currently operating
units range from a few hundred gallons a week to 50,000 gallons
per day. Concentration of oily emulsions to 60 percent oil or
more is possible. Oil concentrates of 40 percent or more are
generally suitable for incineration, and the permeate can be
treated further and in some cases recycled back to the process.
In this way, it is possible to eliminate contractor removal
costs for oil from some oily waste streams.

The permeate
normally of
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The concentrate from the
as any oily or solid

applications or discharged directly.
ultrafiltration unit can be disposed of
waste.

A limitation of ultrafiltration for treatment of process
effluents is its narrow temperature range (18 to 30C) for
satisfactory operation. Membrane life decreases with higher
temperatures, but flux increases at elevated temperatures.
Therefore, surface area requirements are a function of
temperature and become a trade-off between initial costs
and replacement costs for the membrane. In addition,
ultrafiltration cannot ,handle certain solutions. strong
oxidizing agents, solvents, and other organic compounds can
dissolve the membrane. Fouling is sometimes a problem, although
the high velocity of the wastewater normally creates enough
turbulence to keep fouling at a minimum. Large solids particles
can sometimes puncture the membrane and therefore must be
removed by gravity settling or filtration prior to the
ultrafiltration unit.

Operational. Factors. Reliability: The reliability of an
Ultrafiltration system is dependent on the proper filtration,
settling or other treatment of incoming waste streams to prevent
damage to the membrane. Careful pilot studies should be done in
each instance to determine necessary pretreatment steps and the
exact membrane type to be used.

Advantages and Limitations. Ultrafiltration is sometimes an
attractive alternative to chemical treatment because of lower
capital equipment, installation, and operating costs, very high
oil and suspended solids removal, ~nd little required
pretreatment. It places a positive barrier between pollutants
and effluent which reduces the possibility of extensive pollutant
discharge due to operator error or upset in settling and skimming
systems. Alkaline values in alkaline cleaning solutions can 'be
recovered and reused in process.

Maintainability: A limited amount of regular' maintenance is
required for the pumping system. In addition, membranes must
be periodically changed. Maintenance associated with membrane
plugging can be reduced by selection of a membrane with optimum
physical characteristics and sufficient velocity of the
waste stream. It is occasionally necessary to pass a
detergent solution through the system to remove an ,oil and

grease film which accumulates on the membrane. With proper
maintenance, membrane life can be greater than twelve months.

Solid Waste Aspects: Ultrafiltration is used primarily to
recover solids and liquids. It therefore eliminates solid waste
problems when the solids (e.g., paint solids) can be recycled to
the process. Otherwise, the stream containing solids must be
treated by end-of-pipe equipment. In the most probable
applications within the nonferrous metals forming category,
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26. Vacuum Fiitration

Maintainability: Maintenance consists of the cleaning or
replacement of the filter media, drainage grids, drainage piping,
filter pans, and other parts of the equipment. 'Experience in a'

metals

Status. The ultrafiltration process is well
commercially available for treatment of wastewater
of certain high molecular weight liquid and solid

One nonferrous metals forming plant reported its

Advantages and Limitations. Although the initial cost and area
requirement of the vacuum filtration system are higher than those
of a centrifuge, the operating cost is lower, and no special
provisions for sound and vibration protection need be made. Th~

dewatered sludge from this process is in the form of a moist cake
and can be conveniently handled.

In wastewater treatment plants, sludge dewatering by vacuum
filtration generally uses cylindrical drum filters. These drums
have a filter medium which may be cloth made of natural or
synthetic fibers or a wire-mesh fabric. The drum is suspended
above and dips into a vat of sludge. As the drum rotates slowly,
part of its circumference is subject to an internal vacuum that
draws sludge to the filter medium. Water is drawn through the
porous filter cake to a discharge port, and the dewatered sludge,
loosened by compressed air, is scraped from the filter mesh.
Because the. dewatering of sludge on vacuum filters is relatively
expensive per kilogram of water removed, the liquid sludge is
frequently thickened prior to processing. A vacuum filter is
shown in Figure VII-30.

the ultrafilter would remove hydroxides or sulfides of
which have recovery value.

Demonstration
developed and
or recovery
contaminants.
use.

Operational Factors. Reliability: Vacuum filter systems have
proven reliable at many industrial and municipal treatment
facilities. At present, the largest municipal installation is ~t

the West Southwest wastewater treatment plant of Chicago,
Illinois, where 96 large filters were installed in 1925,
functioned approximately 25 years, and then were replaced with
larger units. Original vacuum filters at Minneapolis-St.. Paul,
Minnesota, now have over 28 years of continuous service, and
Chicago has some units with similar or greater service life.

Application and Performance. Vacuum filters are frequently used
both in municipal treatment plants and in a wide variety of
industries. They are most commonly used in larger facilities,
which may have a thickener to double the solids.content of
clarifier sludge before vacuum filtering.

The function of vacuum filtration is to reduce the water content
of sludge, so that the solids content increases from about 5
percent to about 30 percent.



number of vacuum filter plants indicates that maintenance
consumes approximate~y 5 to 15 percent of the total time. If
carbonate buildup OJ: other problems are unus,ually severe,
maintenance time may be as high as 20 percent. For this reason,
it is desirable to maintain one or more spare units.

If intermittent operation is used, the filter equi'pment should be
drained and washed each time it is taken out of service. An
allowance for this wash time must be made ,in filtering schedules.

Solid Waste Aspects: Vacuum filters generate a solid cake which,
is usually trucked directly to landfill. All of the metals
extracted from the plant wastewater are concentrated in the
filter cake as hydroxides, oxides, sulfides, or other salts.

Demonstration status. Vacuum filtration has been widely used for
many years. It is a fully proven, conventional technology for
sludge dewatering. Vacuum filtration is used in 18
nonferrous metals forming plants for sludge dewatering.

27. Permanganate Oxidation

Permanganate oxidation is a chemical reaction by which wastewater
pollutants can be oxidized. When the reaction is carried to
completion, the byproducts of the oxidation are not
environmentally harmful. A large number of pollutants can be
practically oxidized by permanganate, including' cyanides,
hydrogen sulfide, and phenol. In additiori, the chemical oxygen
demand (COD) and many odors in wastewaters and sludges can be
significantly reduced by permanganate oxidation carried to its
end point. Potassium permanganate can be added to wastewater in
either dry or slurry form. The oxidation occurs optimally in the
8 to 9 pH range. As an example of the permanganate oxidation
process, the following c~emical equation shows the oxidation of
phenol by potassium permanganate:

3 C6H5 (OH). + 28 KMn04 + 5H2 ----> 18 C02 + 28KOH + 28

Mn02'

One of the byproducts of this oxidation is manganese dioxide
(Mn02), which occurs as a relatively stable hydrous
colloid usually having a negative charge. These properties, in
addition to its large surface area, enable manganese dioxide to
act as a sorbent for metal cation, thus enhancing their removal
from the wastewater.

Application and Performance. Commercial use of permanganate
oxidation has been primarily for the control of phenol and waste
odors. Several municipal waste treatment facilities report that
initial hydrogen sulfide concentrations (causing serious odor'
problems) as high as 100 mg/l have been reduced to zero through
the application of potassium permanganate. A variety of
industries (including metal finishers and agricultural chemical
manufacturers) have used permanganate oxidation to totally
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destroy phenol in their wastewaters.

Advantages and Limitations. Permanganate oxidation has several
advantages as a wastewater treatment technique. Handling and
storage are facilitated by its non-toxic and non-corrosive
nature. Performance has been proved in a number of municipal and
industrial applications. The tendency of the manganese dioxide
by-product to act as a coagulant aid is a distinct advantage over
other types of. chemical treatment.

The cost of permanganate oxidation treatment can be limiting
where very large dosages are required to oxidize wastewater
pollutants. In addition, care must be taken in storage to
prevent exposure to intense heat, acids, or reducing agents;
exposure could create a fire hazard or cause explosions. Of
greatest concern is the environmental hazard which the use of
manganese chemicals in treatment could cause. Care must be taken
to remove the manganese from treated water before discharge.

Operational Factors. Reliability: Maintenance' consists of
periodic sludge removal and cleaning of pump feed lines.
Frequency of maintenance is dependent on .wastewater
characteristics.

Solid Waste Aspects: Sludge is generated by the process where
the manganese dioxide byproduct tends to act as a coagulant aid.
The sludge from permanganate oxidation can be collected and
handled by standard sludge treatment and processing equipment.

Demonstration Status. The oxidation of wastewater pollutants by
potassium permanganate is a proven treatment process in several
types of industries. It has been shown effective in treating ft
wide variety of pollutants in both municipal and industrial
wastes. No nonferrQus metals forming plants are know to use
permanganate oxidation for wastewater treatment at this time.

28. Ammonia steam Stripping

Ammonia, often used as a process re?gent, dissolves in water to
an extent governed by the partial pressure of the gas in contact
with the liquid. The ammonia may be removed from process
wastewaters by stripping with air or steam.

Air stripping takes place in a packed or lattice tower; air is
blown through the packed bed or lattice, over which the ammonia-

laden stream flows. Usually, the wastewater is heated prior to
delivery to the tower,. and air is used at ambient temperature.

The term "ammonia steam stripping" refers to the process of
desorbing aqueous ammonia by contacting the liquid with a
sufficient amount of ammonia-free steam. The steam is introduced
countercurrent to the wastewater to maximize removal of ammonia.
The operation is commonly carried out in packed bed or tray
columns, and the pH is adjusted to 12 or more with lime. Simple·
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tray designs (such as dish and doughnut trays) are u~ed in stearn
stripping because of the presence of appreciable suspended solids
and the scaling produced by lime. These allow easy cleaning of
the tower, at the expense of somewhat lower stearn water contact
efficiency, necessitating the use of more trays for the same
removal efficiency.

Application and Performance. The evaporation of water and the
volatilization of ammonia generally produces a drop in both
temperature and pH, which ultimately limit the removal of ammonia
in a single air stripping tower. However, high removals are
favored by: .

1. High pH values, which shift the equilibrium from ammoni.um
toward free ammonia;

2. High temperature, which decreases the solubility of ammonia
in aqueous solutions; and

3. Intimate and extended contact between the wastewater to. be
stripped and the stripping ga~.

Of these factors, pH and temperature are generally more cost­
effective to optimize than increasing contact time by an increase
in contact tank volume or recirculation ratio. The temperature
will, to some extent, be controlled by the climatic conditions;
the pH of the wastewater can be adjusted to assure optimum
stripping. '

steam stripping offers better ammonia removal (99 percent or
better) than air stripping for high-ammonia wastewaters found in
the magnesium forming, titanium forming and zirconium-hafnium
formi~g subcategories of this category. The performance of an
ammon1a stripping column is influenced by a number of important
variables that are associated with the wastewater being treated
and column design. Brief discussions of these variables follow.

Wastewater pH: Ammonia in water exists in two forms, NH3 and
NH4+' the distribution of which is pH-dependent. Since
only the molecular form of ammonia eNH3) can be stripped,
increasing the fraction of NH3 by increasing the pH enhances
the rate of ammonia desorption.

Column Temperature: The temperature of the stripping column
affects the equilibrium between gaseous and dissolved ammonia, as
well as the equilibrium between the molecular and ionized forms
of ammonia in water. An increase in the temperature reduces the
ammonia solubility and increases the fraction of aqueous ammonia
that is in the molecular form, both of which have favorable
effects on the desorption rate.

Steam rate: The rate of ammonia transfer from the liquid to gas
phase is directly proportional to the degree of ammonia
undersaturation in the desorbing gas. Increasing the rate of
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steam supply, therefore, increases undersaturation and ammonia
transfer.

Column design: A properly designed stripper column achieves
uniform distribution of the feed liquid across the cross-section
of the column, rapid renewal of the liquid-gas interface, and
extended liquid-gas contacting a~ea and time.

Chemical analysis data were collected for raw waste (treatment
influent) and treated waste (treatment effluent) from one plant
in the iron and steel category. EPA collected six paired samples
over a two-month period. These data are the .data base for
determining the effectiveness of ammonia steam. stripping
technology and are contained within the public record·supporting
this document. Ammonia treatment at this coke plant consisted of
two steam stripping columns in series with steam injected
countercurrently to the flow of the wastewater., A lime reactor
for pH adjustment separated the two stripping columns.

An arithmetic mean of the treatment effluent data produced an
ammonia long~term mean value of 32.2 mg/l. The one-day maximum,
lO-day, and 30-day average concentrations attainable by ammonia
steam stripping were calculated using the long-term mean of the
32.2 mg/l and the variability factors developed for the combined
metals data base. This produced ammonia concentrations of
133.3, 58.6, and 52.1 mg/l ammonia for the one-day maximum, 10­
day and 30-day averages, respectively.

EPA believes the performance data from the iron ·and steel
category provide a valid measure of this technology's performance
on nonferrous metals forming category wastewater.

The Agency has verified the proposed steam stripping performance
values using steam stripping data collected at a zirconium­
hafnium manufacturing plant, a plant in ~he nonferrous metals
manufacturing category which has raw ammonia concentrations as
high as any in the nonferrous metals forming category. Data
collected by the plant represent almost two years of daily
operations, and support the long-term mean used to establish
treatment effectiveness.

Several comments were received regarding the application of
ammonia steam stripping technology to nonferrous metals
manufacturing wastewaters. These comments stated that ammonia
steam stripping performance data transferred from the iron and
steel category are not appropriate for the nonferrous metals
manufacturing category. Many of the commenters believe plugging
of the column due to precipitates will adversely affect their
ability to achieve the promulgated steam stripping performance
values. In developing compliance costs, the Agency designed the
steam stripping module to allow for a weekly acid cleaning to
reduce plugging problems (see Section VIII, p. xxx). Through
Section 308 information requests, the Agency attempted to gather
data at plants which stated they could not achieve the proposed·
limits. However, very little data were submitted to support
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their claims or document column performance. Therefore, the
Agency has retained the proposed performance based on the data
from the iron and steel category.

Commenters on the limitations and standards for the secondary
aluminum subcategory of the nonferrous metals manufacturing
category contend that stripped ammonia will have to be disposed
of as corrosive hazardous waste. The Agency does not agree with
the commenters because ammonia has an 'intrinsic value. The
ammonia can either be sold, given away, or reused in the.
manufacturing process. steam stripping can recover significant
quantities of reagent ammonia from wastewaters containing
'extremely high initial ammonia concentrations, which partially
offsets the capital and energy costs of the technology.

Advantages and Limitations. Strippers are widely used in
industry to--remove a variety of materials, including hydrogen
sulfide and volatile organics as well as ammonia, from aqueous
streams. The basic techniques have been applied both in-process
and in wastewater treatment applications and'are well understood.
The use of steam strippers with and without pH adjustment is
standard practice for the removal of hydrogen sulfide and ammonia
in the petroleum refining industry and has been studied
extensively in this context. Air stripping is used to treat
municipal and industrial wastewater and is recognized as an
effective technique of broad applicability. Both air and steam
stripping have successfully treated ammonia-laden wastewater,
both within the nonferrous metals man~facturing category and for
similar wastes in closely related industries.

The major drawback of air stripping is the low efficiency in cold
weather and the possibility of freezing within the tower.
Because lime may cause scaling problems and the types of towers
used in air stripping are not easily cleaned, caustic soda is
generally employed to raise the feed pH. Air stripping simply
transfers th~ ammonia from water to air, whereas steam stripping
allows for recovery and, if so desired, reuse of ammonia. The
two major limitations of steam strippers are the critical column
design required for proper operation and the operational problems
associated with fouling of the packing material.

operational Factors. Reliability and Maintainability: Strippers
are relatively easy to operate. The most complicated part of a
steam stripper is the boiler. Periodic maintenance will prevent
unexpected shutdowns of the boiler.

Packing fOUling interferes with the intimate contacting of
liquid-gas, thus decreasing the column efficiency, and eventually
leads to flooding. The stripper column is periodically taken out
of service and cleaned with acid and water with air sparging.
Column cutoff is predicated on a maximum allowable pressure drop
across the packing of maximum "acceptable" ammonia content in the
stripper bottoms. Although packing fouling may not be completely
avoidable due to endothermic CaS04 precipitation, column runs
could be prolonged by a preliminary treatment step designed to
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remove suspended solids originally present 1n the feed and those
precipitated after lime addition.

Demonstration Staius. Steam stripping has proved to be an
efficient, reliable process for the removal of ammonia from many
types of industries wastewaters that contain high concentrations
of ammonia. Industries using ammonia steam stripping technology
include the fertilizer, iron and steel, petroleum refining,
organic chemicals manufacturing, and nonferrous metals
manufacturing industries. One nonferrous metals forming plant
reported using this technology.

IN-PROCESS POLLUTION CONTROL TECHNIQUES

In general, the most cost-effective" pollution reduction tech­
niques available to any industry are those which prevent
completely the entry of pollutants into process wastewater or
reduce the volume of wastewater requiring treatment. These "in­
process" controls can increase treatment effectiveness by
reducing the volume of wastewater to treatment,
resulting in more concentrated waste streams from which they can
be more completely removed, or by eliminating pollutants which
are not readily removed or which interfere with the
treatment of other pollutants. They also frequently yield
economic benefits in reduced water consumption, decreased waste
t~eatment costs and decreased consumption oi recovery of process
materials. .

Techniques which may be applied to reduce pollutant "discharges
from most nonferrous metals forming subcategories include
wastewater segregation, water recycle and reuse, water use
reduction, process modification, and plant maintenance and
good housekeeping. Effective in-process control at most
plants will entail a combination of several £echniques.
Frequently, the practice of one in-process control technique is
required for the successful implementation of another. For
example, wastewater segregation is frequently a prerequisite
for the extensive practice of wastewater recycle or reuse. "

Wastewater Segregation

The segregation of wastewater streams is a key element in
implementing pollution control in the nonferrous metal~ forming
category. Separation of noncontact cooling water from
process wastewater prevents dilution of the process wastes and
maintains the character of the non-contact stream for subsequent
reuse or discharge. Similarly, the segregation of process
wastewater streams differing significantly in their
chemical characteristics can reduce treatment costs and
increase effectiveness.

Mixing process wastewater with noncontact cooling water increases
the total volume of process ~ciscewater. This has" an adverse
effect on both treatment performance and cost. The increased
volume of wastewater increases the size and cost of treatment
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facilities. Since a given treatment technology has a specific
treatment effectiveness and can only achieve certain discharge
concentrations of pollutants, the total mass of pollutants which
is discharged increased with dilution. Thus a plant which
segregates noncontact cooling water and other nonprocess waters
from process wastewater will almost always achieve a lower
mass discharge of pollutants' while substantially reducing
treatment costs.

Nonferrous metals forming plants commonly produce multiple.
process and nonprocess wastewater streams. The identified
nonprocess streams include wastewater streams that are reusable
after minimal treatment and other streams that are not reusable.
Reusable waters are most often noncontact cooling waters. This
water is uncontaminated and can be recycled in a closed indirect
cooling configuration as well as use as makeup for process water.
Noncontact cooling water is commonly recycled for reuse.

The segregation of dilute process waste streams from those bear­
ing high pollutant loads may allow further use of the dilute
streams. Sometimes the lightly polluted stream may be recycled
to the process from which they were discharged, such as
annealing. Other wastewater streams may be suitable for use
in another process with only minimal treatment.

Segregation of wastewater streams may allow separate treatment
of the wastewater stream which often costs less. For
example, wastewater streams containing high levels of suspended
solids may be treated in separate inexpensive settling
systems rather than a more expensive lime and settle
treatment system. Often the clarified wastewater is suitable
for further process use and both pollutant loads and the
wastewater volume requiring further treatment are reduced.

Segregation and separate treatment of selected wastewater streams
may yield an, additional economic benefit to the plant by allowing
increased recovery of process materials. The solids borne by
wastewater from a specific process operation are primarily
composed of materials used in that· operation. Sludges
resulting from separate settling of these streams may be
reclaimed for use in the process with little or no processing or
recovered for reprocessing.

Wastewater Recycle and Reuse

The recycle or reuse of process wastewater is a particularly
effective technique for the re-duction of both pollutant
discharges and treatment costs. The term "recycle" is used to
designate the return of process wastewater, usually after
some treatment, to the process or processes from which it
originated, while "reuse" refers to the use of wastewater from
one process in another. Both recycle and reuse of process
wastewater are presently practiced at nonferrous metals
forming plants, although recycle is more extensively used. The
most frequently recycled waste streams include wet air pollution
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control wastewater disch-ar:(~fes,' cast-{ngcontact cooling water I

annealing and heat treatment contact cooling water and rolli!"-j
emulsions. Numerous other process wastewater streams' from
nonferrous metals forming processes may also be recycled or
reused. Both recycle and reuse are frequently possible without
extensive treatment of the wastewa~er; process pollutants
present in the waste stream are often tolerable (or
occasionally even beneficial) for process use. Recycle or
reuse in the~e instances yields cost savings by reducing
the volume of wastewater requiring treatment. Where treatment
is required for recycle or reuse, it is frequently
considerably simpler than the treatment necessary to achieve
effluent quality suitable for release to the environment.
Treatment prior to recycle or reuse observed in present
practice is generally restricted to simple settling or
neutralization. Since these treatment practices are less costly
than those used prior to discharge, economic as well as
environmental benef i ts are usually realized. In addition' to
these in-process recycle and reuse practices, some plan~s

return part or all of the treated effluent from an end-of-pipe
treatment system for further process use.

Recycle can usually be implemented with minimal expense and comp­
lications because the required treatment is often minimal and the
water for recycle is immediately available. As an example, hot
rolling contact cooling water can be 'collected in the
immediate area of the rolling mill cooled in a cooling tower,
and recycled for use in the rolling process. A flow diagram for
recycling direct chill casting water with a cooling- tower is
shown in Figure VII-36.

The rate of water used in wet air scrubbers is determined by the
requirement for adequate contact with the air being scrubbed and
not by the mass of pollutants to be removed. As 'a result,
wastewater streams from once-through scrubbers are character­
istically very dilute and high in volume. These streams can
usually be recycled extensively without treatment with no
deleterious effect on scrubber performance. Limited treatment
such as neutralization where acid fumes are scrubbed can signifi­
cantly increase the practical recycle rate.

Water used in washing process equipment and production floor
areas frequently serves primarily to remove solid materials and
is often treated by settling and recycled. This practice is
especially prevalent in the precious metals subcategory but is
observed in other subcategories as well. The extent of
recycle of these waste streams may be very high, and in many
cases no wastewater is discharged from the recycle loop.

Water used in surface treatment rinsing is also recirculated in
some cases. This practice is ultimately limited by the
concentrations of materials rinsed off the product in the
rinsewater. Wastewater from cvntact cooling operations also may
contain low concentrations of pollutants which do not interfere
with the recycle of these streams. In some cases, recycle of
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contact cooling water with no treatment is obs~rved while in
others, provisions for heat removal in cooling towers or closed
heat exchangers is required. Where contact cooling water becomes
heavily contaminated with acid, neutralization may be
required to minimize corrosion.

water used in vacuum pump seals and steam ejectors commonly
becomes contaminated with process pollutants. The levels of
contaminants in these waste streams are sometimes low enough
to allow recycle to the process with minimal treatment. A
high degree of recycle of wastewater from contact cooling streams
may require provisions for neutralization or removal of heat.

The extent of recycle possible in most process water uses ~s

ultimately limited by increasing concentrations of dissolved
solids in the water. The buildup of dissolved salts generally
necessitates some small discharge or "blowdown" from the process
to treatment. In those cases, where the rate of addition of
dissolved salts is balanced by removal of dissolved solids in
water entrained in settled solids, complete recycle with no
discharge can be achieved. In other' instances, the contaminants
which build up in the recycle loop may be compatible with another
process operation, and' the "blowdown" may be used in another
process. An example of this is the reuse of alkaline cleaning
rinsewater as make-up to an acid fume wet air pollution control
recirculating system. The rinsewater provides alkaline species
to neutralize the acid fumes.

water Use Reduction

The volume of wastewater discharge from a plant or specific
process operation may be reduced by simply eliminating
excess flow and unnecessary water use. Often this may be
accomplished with no change in the manufacturing process or
equipment and without any capital expenditure. A comparison of
the volume~ of process water used in and di 9charged from
equivalent process operations at different plants or on
different days at the same plant indicates substantial
opportunities for water use reductions. Additional reductions
in process water use and discharge may be achieved by
modifications to process techniques and equipment. .

Many production units in nonferrous metals forming plants
were observed to operate intermittently or at highly variable
production rates. The practice of shutting off process water
flow during periods when the unit is not operating and of
adjusting flow rates during periods of low production can
prevent much unnecessary water use. Water may be shut off
and controlled manually or through automatically controlled
valves. Manual adjustments have been found to be somewhat
unreliable in practice; production personnel often fail to turn
off manual valves when production units are shut down and tend to
increase water flow rates to maximum· levels "to insure good
operation" regardless of production activity. Automatic shut­
off valves may be used to turn off water flows when
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production units are inactive. Automatic adjustment of flow
rates according to production levels requires more sophisticated
control systems incorporating, production rate sensors.

Observations and flow measurements at visited nonferrous metals
forming plants indicate that automatic flow controls are
rarely employed. Manual control of process water use is
generally observed in process rinse operations, and little or no
adjustment of, these flows to production level is practiced.
The present situation is exemplified by a rinse operation at one
plant where the daily average production normalized discharge
flow rate was observed to vary from 287 to l2301/kkg over a
three-day span. Thus, significant reductions in pollutant
discharges can be aChieved by the application of flow control in
this category at essentially no cost. (A net savings may
be realized from the reduced cost of water and sewage
charges.) Additional ,flow reductions may be achieved by
the implementation of more effective water use in some process
operations.

Rinsing is a common operation in nonferrous metals forming plants
and a major source of wastewater discharge at most plants.
Efficient rinsing requires the removal of the greatest possible
mass of material in the smallest possible volume of
water. It is achieved by ensuring that tne material removed
is distributed uniformly through the rinse water.

Rinsing efficiency is also increased by the use of mUlti-stage
and countercurrent cascade rinses (see figures VII-37 and VII­
38). Multi-stage rinses reduce the total rinse water requirements
by allowing the removal of much of the contaminant in a more
concentrated rinse with only the final stage rinse diluted to
the levels required for final product cleanliness.. In a
countercurrent cascade rinse, dilute wastewater from each
rinse stage is reused in the preceding rinse stage and all of
the 'contaminants are discharged in a single concentrated waste
stream. The technical aspects of countercurrent
cascade rinsing are detailed later in this section.

Equipment and area cleanup practices observed at nonferrous
metals forming plants vary widely. While some plants
employ completely dry cleanup techniques, many others use
water with varying degrees of efficiency. The practice of
"hosing down" equipment and production areas generally represents
a very in~efficient use of water, especially when hoses are
left running during periods when they are not used.
Alternative techniques which use water more efficiently
include vacuum pick-up floor wash machines and bucket and sponge
or bucket and mop techniques as observed at some plants.

Additional reduction in process water and wastewater dis­
charge may be achieved by the substitution of dry air pollution
control devices such as baghouses for wet scrubbers where the
emissions requiring control are amenable to these techniques.
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Countercurrent Cascade Rinsing and Multistage Rinsing

Of the many schemes discussed above for reduction of water use in
nonferrous metals forming plant, countercurrent cascade
rinsing is most likely to result in the greatest
reduction of water consumption and use.

Countercurrent cascade rinses are already employed in some plants
in the nonferrous metals forming category. In most cases,
however, these techniques are not combined with effective ,flow
control, and the wastewater discharge volumes from the
countercurrent cascade rinses are as large as or l~rger than
corresponding single stage rinse flows at other plants.

Rinse water requirements and the benefits of countercurrent
cascade rinsing may be influenced by the volume of drag-out
solution carried into each rinse stage by the electrode or
material being rinsed, by the number of rinse stages used, by the
initial concentrations of impurities being removed, and by the
final product cleanliness required. The influence of these
factors is expressed in the rinsing' equation which may be stated
simply as:

Vr = Co (lin) x VD

Cf

Vr is the flow through each rinse ~tage.'

Co is the concentration of the contaminant(s) in the initial
process, bath

Cf is the concentration of the contaminant(s) in
the final rinse to give acceptable product cleanliness

n is the number of rinse stages employed,
and

VD is the flow of drag-out carried into each rinse stage

For a multistage rinse, the total volume of rinse wastewater is
equal to n times Vr while for a countercurrent rinse, Vr is the
total volume of wastewater discharge.

For a mUltistage rinse, the total volume of rinsewater is equal
to n times Vr while for a countercurrent rinse the total volume
of water equals Vr. As an example, the flow reduction achieved
for pickling a nickel sheet can be estimated through the use of a
two-stage countercurrent cascade rinse following the surface
treatment bath. The mass of nickel in one square meter of sheet
that. is 6 ~ (0.006 m)' in th~ckness can be calculated using the
dens~ty of n~ckel, 8.90 kkg/m (556 lbs/cu ft), as follows:

= (0.006 m) x (8.90 kkg/m3 ) = 0.053 kkg/m2 of sheet.
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using the mean surface treatment rinsewater discharge, Vr can
then be calculated as follows:

Vr = (0.053 kkg x 10,600 1 = 561.8 11m2 of sheet

-2m

Drag-out is solution which remains on the surface of materials
being rinsed when it is removed from process baths or rinses.
Without specific plant data available to determine drag-out, an
estimate of rinsewater reduction to be achieved with two-stage
countercurrent rinsing can be made by assuming a thickness of any
process solution film as it is introduced into the rinse tank.
If the film on a piece of nickel sheet is 0.015 rom (0.6 mil)
thick, (equivalent to the film on a well-drained vertical
surface) then the volume of process solution, VD, carried into
the rinse tank on two sides of a one square metter of sheet will
be:

VD = (0.015 rom) x ( 1 m/rom) x (1000 11m3 ) x 2

1000

= 0.030 11m2 of sheet

Let r = Co, th.en r = lin - Vr.

Cf. VD

For single-stage rinsing, n = 1, therefore, r = Vr

and r = 561.8 = 18,727

0.030

For a 2-stage countercurrent cascade rinse to obtain the same r,
that is the same product cleanliness,

Vr = r 1/2, therefore Vr = 18,727 1/2 = 136.8

But VD = 0.030 11m2 of sheet; therefore, for 2-stage
countercur ren t cascade' r i ns ing, Vr is:

Vr = 136.8 x 0.030 - 4.10 11m2 of sheet

In this theoretical calculation, a flow reduction of greater than
99 percent can be achieved. The actual numbers may vary
depending on efficiency of squeegees or air knives, and the rinse
ratio desired.
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Significant flow reductions can be achieved by the addition of
only one other stage in the rinsing operation, as discussed
above. The largest reductions are made by adding the first few
stages. Additional rinsing stages cost additional money. The
actual number of stages added depends on,site-specific layout and
operating conditions. with higher costs for water and waste
treatment, more stages might be'economical. with very low water
costs, fewer stages ~qould be economical. In considering retrofit
applications, the space available for additional tanks is also
important. After considering all of these points, the Agency,
believes that countercurrent cascade rinsing is an effective and
economical means of reducing wastewater flow and consequently
pollutant discharge.

If the flow from stage to stage can be effected by gravity,
eithe~ by raising the latter rinse stage tanks or by varying the
height of the overflow weirs, countercurrent cascade rinsing is
usually quite economical. If, on the other hand, pumps and level
controls must be used, then other methods, such as spray rinsing,
may be more feasible.

Another factor is the need for agitation, which will reduce short
circuiting of the flow.' Large amounts of short circuiting can
reduce the flow reduction attained by adding more stages. In
cases where water is cascading in enormous quantities over a
workpiece, the high flow usually provides enough agitation. As
more staging is applied to reduce the amo~nt of water, the point
will be reached where the flow of the water itself is not
sufficient to provide agitation. This necessitates either
careful baffling of the tanks or additional mechanical agitation.

Countercurrent cascade rinsing has been widely used as a flow
reduction technique in the metal finishing industry. In aluminum
conversion coating lines, that are subject to the coil coating
limitations, countercurrent cascade rinsing is currently used in
order to r,educe costs of wastewater treatment systems (by
allowing use of smaller systems) for direct dischargers and
additionally to reduce sewer charges for indirect dischargers
since those costs are based on flow.

Countercurrent cascade rinsing is currently practiced at 12
nonferrous metals forming plants.

Spray Rinsing

Spray rinsing is another method used to dilute the concentration
of contaminants adhering to the surface of a workpiece. The
basis of this approach is to spray water onto the surface of the
workpiece as opposed to submerging it into a tank. The amount of
water contacting the workpiece, and therefore the amount of water
discharged, is minimized as a result. The water use and
discharge rates can be further reduced through recirculation of
the rinse water.
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Ultrafiltration membranes allow only low molecular weight solutes
and water to pass through and return to the bath; particulates
and oils are held back in a concentrated phase. The concentrated
material is then disposed of separately as a solid waste.

Ultrafiltration, previously discussed in 'this section, can be
used to remove oils and particulates from alkaline cleaning
baths, allowing' the recovery of the water and alkali values to be
a reused ip the make-up of fresh bath rather than treating and
discharging them.,

reuse
baths,

surface

reduces the
the surface
the bath can
results in
and (4) it

increasing

bath regeneration is applicable to recover: and
associated with caustic surface treatment

acid surface treatment baths, chromic acid
baths, and alkaline cleaning baths.

Chemical bath regeneration results in lower maintenance labor
because the bath life is extended. Regeneration also increases
the process reliability in that it eliminates extended periods of
downtime to dump the entire bath solution.

It may be necessary to allow baths normally operated at elevated
temperatures to cool prior to regeneration. As an example, hot
detergent baths will require cooling prior to introducing
material into the ultrafiltration membrane.

Chemical
chemicals
sulfuric
treatment

Some metal salts can be precipitated out of chemical baths by
applying a temperature change or shift to the bath. Once the
metal salts are precipitated out of solution, the chemical
properties and utility of the bath can then be restored by adding
fresh chemicals. The addition of lime may aid in precipitating
dissolved metals by forming carbonates or hydroxides.

Regeneration of Chemical Baths

Regeneration of chemical baths is used to remove contaminants and
recover and reuse the bath chemicals, thus minimizing the
c~emic~l requirements of the bath while achieving zero discharge.

The advantages of bath regeneration are: (1) it
volume of discharge of the chemical bath w~ter; (2)
treatment operations are made more efficient because
be kept at a relatively constant strength; (3) it
reduced maintenance labor associated with the bath;
reduces chemical costs by recovering chemicals and
bath life.

The equipment required for spray rinsing includes piping, spray
nozzles, a pump, a holding tank and a collection basin. The
holding tank may serve as the collection basin to collect the
rinse water prior to recirculation as a method of space
economization. Spray rinsing is demonstrated in plqnts in the
nonferrous metals forming category.



Regeneration of caustic, detergent, chromic acid, and sulfuric
acid baths results in the formation of precipitates. These
precipitates are collected, dewatered, if necessary, and then
disposed of as solid wastes. The metal sulfate precipitate
resulting from sulfuric acid baths ,may be commercially
marketable. The solid waste aspects of wastewater treatment
sludges similar to regeneration 'sludges are discussed in detail
in Section VIII.

There are commercial processes available for regenerating baths
which are patented or claimed confidential. In general, these
regeneration processes are based on the fundamental concepts
described above.

As discussed previously in this section, ultrafiltration is well
developed and commercially available for recovery of high
molecular weight liquids and solid contaminants. EPA is not
aware of any nonferrous metals forming plants that have applied
ultrafiltration for the purpose of regenerating bath materials.
There are two aluminum forming plants and one nonferrous metals
forming plant using ultrafiltration to recover spent lubricant
Since alkaline cleaning baths are used to remove these lubricants
from the metalsurface prior to further processing, it is
reasonable to assume that ultrafiltration is equally applicable
for separating these same lubricants from alkaline cleaning baths
used in nonferrous metals forming plants.

Regeneration may be applicable in specific applications in the
nonferrous metals forming category although at present ,it does
not appear to be applicable on a nationwide basis.

Contract Hauling

Contract hauling refers tQ the industry practice of contracting
with a firm to collect and transport wastes for off-site
disposal. This practice is particularly applicable to low­
volume, high concentration waste streams. Examples of such waste
streams in the nonferrous metals forming industry are pickling
baths, drawing lubricants, and cold rolling lubricants.

The dcp data identified several waste solvent haulers, most of
whom haul solvent in addition to their primary business of
hauling waste oils. The value of waste solvents seems to be
sufficient to make waste solvent hauling a viable business.
Telephone interviews conducted during ,the development of metal
finishing regulations indicate that the number of solvent haulers
is increasing and that their operations are becoming more'
sophisticated because of the increased value of waste solvent.
In addition, a number of chemical suppliers include waste hauling
costs in their new solvent price. Some of the larger solvent
refiners make credit arrangements with their clientele; for
example, it was reported that one supplier returns 50 gallons of
refined solvent for every 100 gallons hauled.
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Lubricating Oil and Deoiling Solvent Recovery

The recycle of lubricating oils is a common practice in the
industry. The degree of recycle is dependent upon any in-line
treatment (e.g., filtration to remove metal fines and other
contaminants), and 'the useful life of the specific oil in its
application. usually, this inVOlves continuous recirculation of
the oil, with losses in the recycle loop from evaporation, oil
carried off by· the metal product, and minor losses from in-line
treatment. Some plants per iodica"lly replace the entire batch of
oil once its required properties are depleted. In other cases, a
continuous bleed or blowdown stream of oil is withdrawn from the
recycle loop to maintain a constant level of oil quality. Fresh
make-up oil is added to compensate for the blowdown ~and other
losses, and in-line filtration is used between cycles.

Reuse of oil from spent emulsions used in rolling and drawing is
practiced at some plants. The free oil skimmed from gravity oil
and water separation, following emulsion breaking, is valuable.
This free oil contains some solids and water which must be
removed befo~e the oil can be reused. The traditional treatment
involves acidifying the oil in a heated cooker, using steam coils
or live steam to heat the oil to a rolling boil. When the oil is
sufficiently heated, the steam is shut off and the oil and water
are permitted to separate. The collected floating oil layer is
suitable for use as supplemental boiler fuel or for some other
type of in-house reuse. Other plants choose to sell their oily
wastes to oil scavengers, rather than reclaiming the oil
themselves .. The water phase from this operation is either sent
to treatment or, if of a high enough quality, it can be recycled
and used to make up fresh emulsion.

Some plants collected and recycle rolling oils via mist
eliminators. In the rolling process, pils are sprayed as a fine
mist on the rollers for cooling and lubricating purposes, and
some of this oil becomes airborne and may be lost via exhaust
fans or volatilization. with the rising price of oils, it is
becoming a more common practice to prevent these losses. Another
reason for using hood and mist eliminators is the improvement in
the working environment.

Using organic solvents to deoil or degrease nonferrous metals is
usually performed prior to sale or subsequent operations such as
coating. Recycling the spent solvent can be conomically
attractive along with its environmental advantages. No plants
are known to use distillation units to reclaim spent solvent for
recycling in this category. Most plants in this category
contract haul spent solvents or sell them to a reclaimer. No
nonferrous metals forming plants currently discharge spent
solvents as a direct discharge. There are several plants that
discharge spent solvents to a POTW; however, this practice is not
widespread and is subject to strict controls by the POTW for
those that do discharge. The Agency is establ~shing a no
discharge requirement for this waste stream. This is discusseq
more fully in Sections IX through XIII.

1397



1398

Caustic surface treatment wet air pollution control is necessary
due to the corrosive nature of the gases.

Scrubbers must be used in ,forging because of the potential fire
hazard of baghouses used in this capacity. The oily mist
generated in. this operation is highly flammable and also tends to
plug and bind fabric filters, reducing their efficiency.

in
by

and

of a dry control device can result
efficiencies greater than 99 percent

filters, electrostatic precipitators,
to 95 percent for cyclones.

Equipment for dry control of air emissions includes cyclones, dry
electrostatic precipitators, fabric·filters, and afterburners.
These devices remove particulate matter, the first three by
entrapment and the afterburners by combustion.

Dry Air Pollution Control Devices

The use of dry air pollution control devices allows the
elimination of waste streams with high pollution potential, i.e.,
wastestreams from wet air pollution control devices. However,
the choice of air pollution control equipme~t is complicated, and
sometimes a wet system is the necessary choice. The important
difference between wet and dry devices 'is that wet devices
control gaseous pollutants as· well as particulates.

Wet devices may be chosen over dry devices when any of the
following factors are found: (1) the particle size is
predominantly under 20 microns, (2) flammable particles or gases
are to be treated and there is minimal combustion risk, (3) both
vapors' and particles are to be removed from the carrier medium
and (4) the gases are corrosive and may damage dry air pollution
control devices.

Afterburner use is limited to air emissions consisting mostly of
combustible particles. Characteristics of the particulate-laden
gas which affect the design and use of a device are gas density,
temperature, viscosity, flammability, corrosiveness, toxicity,
humidity,' and dew point. Particulate characteristics which
affect the design and use of a device are particle size, shape,
density, r~sistivity, concentration, and other physiochemical
properties.

Common wet air pollution control devices are wet electrostatic
precipitators, venturi ~crubbers, and packed tower scrubbers.
Collection efficiency for gases will depend on the solubility of
the contaminant in the scrubbing liquid. Depending on the
contaminant removed, collection efficiencies usually approach 99
percent for particles and gases.

Some nonferrous metals forming plants industry report the use of
dry air pollution controls for forging.

Proper application
particulate removal
weight for fabric
afterburners, and up



Good Housekeeping

Good housekeeping and proper equipment maintenance are necessary
factors in reducing wastewater loads to treatment systems.
Control of aC9idental spills of oils, process chemicals, and
wastewater from washdown and filter cleaning or removal can aid
in maintaining the. segregation Of wastewater streams. Curbed
ar~as should be used to contain ot control these wastes.

Leaks in pump casings~ process piping, etc., should be minimized
to maintain ,efficient water use. One particular type of leakage
which may cause' a water pollution problem is the bontamination of

'noncontact cooling water by hydraulic oils, especially if this
type of wate~ ,is discharged without treatment. .

Good housekeeping is also important in chemical, solvent, and oil
storage areas to preclude a catastrophic failure situation.
storage areas should be isolated from high fire-hazard areas and
arranged' so that if a fire or explosion occurs, treatment
facilities ,will not be overwhelmed nor excessive groundwater
pollution caused by large quantities of chemical-laden fire­
protection water.

Bath or rinse waters that drip off the metal product while it is
being transferred from one tank to another (dragout) should be
collected and returned to their originating tanks. This can be
done with simple drain boards.

A consci~ntiously applied program of water use reduction can be a
very effective method of curtailing unnecessary wastewater flows.
Judicious use of washdown water and avoidance of unattended
running hoses can significantly reduce water use.
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TABLE VII-l
pH CONTROL EFFECT ON METALS REMOVAL

Day 1 ·Day 2 Day 3
In Out In Out In Out

pH Range 2.4-3.4 8.5~8.7 1 .0-3.0 ' '5·.0":6.' 0 2.0-5.0 6.5-B.l

,mg/l)

TSS 39 8 16 19 16 7
Copper 312 0.22 120 5. 12 107 ' 0.66
Zinc 250 0.31 32.5 25.0 43.8 0.66

TABLE VII-2

EFFECTIVENESS OF SODIUM HYDROXIDE FOR METALS REMOVAL

Day 1 Day 2 Day 3
In Out In Out" . 'In Out

pH Range 2.1-2.9 9.0-9.3 2.0-2.4 8.7-9.1'" ,2.0';"2.4 8.6-9. 1
(mg/l)

Cr 0.097 0.0 0.057 0.005 0.068 0.005
Cu 0.063 0.018 0.078 0.014 ' 0.053 0.019
Fe 9.24 0.76 15.5 0.92 9'.41 0.95

. Pb 1.0 O. 11 1 .36 0.13 1. 45 0.11
loin 0.11 0.06 0.12 0.044 O. 11 0.044
Ni 0.077 0.01 1 0.036 0.009 0.069 0.011

Zn .054 0.0 0.12 0.0 0.19 0.037
TSS 13 11 11

1400
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TABLE VII-S

These data were obtained fro~ three sources:

Summary Report, Control and Treatment Technology, for the
Metal Finishing Industr¥: Sulfide Precipitation, USEP~, EPA
No. 625/8/80-003, 1979,

Industrial Finishing, Vol. 35, No. 11, November, 1979.

Electroplating sampling data from plant 27045.

Out

0.060 0.009

11.4S' <.005
18.3S <.OOS
0.029 '0.003

In

NaOH, Ferric
'Chloride, Ni:lzS
Claiify (1 stag~)

Out

7.38

0.6
<0. 1
'0. 01

In

0.022 <0.020
2.4 <0.1

7.7

Lime, FeS, Poly­
electrolyte, .
Settle, Fil ter

108
0.68

33.9

Out

8-9

<0.014
<0.04

0.S2 0.,10

39.S <0.07

5.0~6 . .8

In

25.6
32.3

Lime, FeS, Poly­
electrolyte,
Set tIe" Fi 1ter

SAMPLING DATA FROM SULFIDE
PRECIPITATION-SEDIMENTATION SYSTEMS

Treatment

Cr+6
Cr
Cu

Fe
Ni
In

pH
(mg/l) ,



TABLE VII-3
EFFECTIVENESS OF LIME AND SODIUM HYDROXIDE FOR METAL[; REMOVAL

Day 1 Day 2 Day 3
In Out In Out In Out

pH Range 9.2-9.6 8.3-9.8 9.2 7.6-8.1 9.6 7.8-8.2
(mg/li

Al 37.3 0.35 38. 1 0.35 29.9 0.35
Co 3.92 0.0 4.65 0.0 4.37 0.0
Cu 0.ti5 0.003 0.63 0.003 0.72 0.003

Fe 137 0.49 1 10 0.57 208 0.58
Mn 175 0.12 205 0.012 245 0.12
Ni 6.86 0.0 5.84 0.0 5.63 0.0

Se 28.6 0.0 30.2 0.0 27.4 0.0
Ti 143 0.0 125 0.0 1 15 0.0
Zn 18.5 0.027 16.2 0.044 17. a 0.01

TSS 4390 9 3595 13 2805 13

TABLE VII-4

THEORETICAL SOLUBILITIES OF HYDROXIDES AND, SULFIDES
OF SELECTED METALS IN PURE WATER

Solubility of metal ion, mg/l
Metal As Hydroxide As Carbonate As Sulfide

Cadmium (Cd++) 2.3 x 10- 5 1 .0 X 10- 4 6.7 X 10- 10
Chromium (Cr+++) 8.4 x 10- 4 No precipitate
Cobalt (Co++) 2.2 x 10- 1 1.0 X 10- 8

Copper (Cu++) 2.2 x 10-2 5.8 X 10- 18
Iron (Fe++) 8.9 x 10- 1 3.4 x 10- 5

Lead (Pb++) 2. 1 7.0 x 10- 3 3.8 X 10- 9

Manganese (Mn++) 1 .2 2. 1 X 10- 3

Mercury (Hg++) 3.9 x 10- 4 3.9 x 10- 2 9.0 X 10- 20

Nickel (Ni++) 6.9 x 10- 3 1 .9 X 10- 1 6.9 x 10- 8

Silver (Ag+) 13.3 2. 1 X 10- 1 7.4 x ,10- 12

Tin (Sn++) 1 . 1 X 10- 4 3.8 X 10- 8
Zinc (Zn++) 1 . 1 7.0 X 10- 4 2.3 X 10- 7
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TABLE VII-6

SULFIDE PRECIPITATION-SED!MENTATION PERFORMANCE

0.01
0.03
0.05

0.05
0.01

Treated Effluent
(mg/lJ

0.01
0.05 .
0.05

and Treatment Technology for the
Sulfide Precipitation, USEPA, EPA. .

Cd
Cr ( T)
Cu

Pb
Hg
Ni

Ag
Zn

Parameter

Summary Report, Control
Metal Finishing Industry:
No. 625/8/80-003, 1979.

Addendum to Development Document for Effluent Limitations
Guidelines and New Source Performance Standards, Major
Inorganic Producrs- Segment of Inorganics Point Source
Category, USEPA., EPA Contract No. EPA-68-01-3281 (Task 7),
June, 1978.

. Table VII-6 is based on two reports:



Table VII-7

FERRITE CO-PRECIPITATION PERFORMANCE

Metal Influent(~g/l) Effluent(mg/l)

Mercury 7.4 0.001
Cadmium 240 0.008
Copper 10 0.010

Zinc 18 0.016
Chromium 10 <0.010
Manganese 12 0.007

Nickel 1,000 0.200
Iron 600 0.06
Bismuth 240 0.100

Lead 475 0.010

, NOTE: These data are from:
Sources and Treatment of Wastewater in the Nonferrous
Metals Industry, USEPA, EPA No. 600/2-80-074, 1980.

.TABLE VII-8

CONCENTRATION OF TOTAL CYANIDE
(mg/l)

Plant Method In Out

1057 FeS04 2.57 0.024
2.42 0.015
3.28 0.032

33056 FeS04 O. 14 0.09
O. 16 0.09

12052 ZnS04 0.46 O. 14
O. 12 0.06

Mean 0.07

, 1404



TABLE VlI-10
PERFORMANCE OF SELECTED SETTLING SYSTEMS

PLANT 10 SETTLING SUSPENDED SOLIDS CONCENTRATION (mg/l)
DEVICE Day Day 2 Day 3

In Out In Out In Out

01057 Lagoon 54 6 56 6 50 5
09025 Clarifier & 1100 9 1900 12 1620 5

Settling
Ponds

11058 Clarifier 451 17

12075 Settling 284 6 242 10 502 14
Pond

19019 Settling 170 50
Tank

33617. Clarifier & 1662 16 1298 4
Lagoon

40063 Clarifier 4390 9 3595 12 2805 13
44062 Clarifier 182 13 118 14 174 23
46050 Settling 295 10 42 10 153 8

Tank

Plant 10 #

06097
13924

18538
3Q172
36048

mean

Table VII-9

MULTIMEDIA FILTER PERFORMANCE

·TSS Effluent Concentration, mg/l

0.0, 0.0, 0.5
1 . 8 , 2.2, 5.6, 4.0~ 4. 0, 3.0, 2.2 i . 2.8
3.0, 2.0, 5.6, 3.6, 2.4, 3.4
1 .0
1 . 4, 7.0, 1.0
2. 1 , 2.6, 1 .5
2.61

1405



SKIMMING PERFORMANCE

Plant

06058
06058

Skimmer Type

API
Belt

Table VI1-11

Oil & Grease
. mg/l

ill
224;669

19.4

1406

~

17.9
8.3



TABLE VII-12

SELECTED PARITION COEFFICIENTS

Log Octanol/Water
Partition Coefficient

8.73
5.80
5.20
5.61
6.04
6.57
6.84
5.61
4.07
4.45
7.23
4.18
4.46
5.97
7.66
5.32
2.88
2.69

4.33
2.17
1 .79
2.56
1 .58
1 .97
1 .48
5.33
1 .25
5.01

1407

1 Acenaphthene
11 1,1,J-Trichloroethane
13 1,1-Dichloroethane
15 1,1,2,2-Tetrachloroethane
18 Bis(2-chloroethyl)ether
23 Chloroform
29 1,1-Dichloroethylene
39 Fluoranthene
44 Methylene chloride
64 Pentachlorophenol
66 Bis(2-ethylhexyl)

phthalate
67 Butyl benzyl phthalate
68 Di-n-butyl phthalate
72 Benzo(a)anthracene
73 Benzo(a)pyrene
74 3,4-benzofluoranthene
75 Benzo(k)fluoranthene
76 Chrysene
77 Acenaphthylene
78 Anthracene
79 Benzo(ghi)perylene
80. Fluorene
81 Phenanthrene
82 Diben~o(a,h)anthracene

83 Indeno(1,2,3,cd)pyrene
84 Pyrene
85 Tetrachloroethylene
86 Toluene

Priority Pollutant



Table VII-14

COMBINED METALS DATA EFFLUENT VALUES (mg/l)

One Day 10 Day Avg. 30 Day Avg.
~ Max. Max. Max.

Cd 0.079 0.34 0.15 O. 13
Cr 0.084 0.44 0.18 O. 12
Cu 0.58 1. 90 1. 00 0.73

Pb O. 12 0.42 0.20 0.16
Ni 0.74 1. 92 1. 27 1. 00
Zn 0.33 1. 46 0.61 0.45

Fe 0.41 1.20 0.61 0.50
Mn O. 16 0.68 0.29 0.21
TSS 12.0 41 .0 19.5 15.5

TABLE VII-13 .

TRACE ORGANIC REMOVAL BY SKIMMING
API PLUS BELT SKIMMERS

(F~om Plant 06058)

Oil' & G~ease
Chloroform
Methylene Chloride

Naphthalene
N-nitrosodiphenylamine
Bis-2-ethylhexyl phthalate

Diethyl phthalate
Butylbenzyl phthalate
Di-n-octyl phthalate

Anthracene - phenanthrene
Toluene

Inf.
mg/l ,

225,000
0.023
0.013

2.31
59.0
11.0

0.005
0.019

16.4
0.,02

1408

Eff.
mg/l

14.6
0.007
0.012

0.004
0.182
0.027

0.002
0.002

0.014
0.012
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COMBINED METALS DATA SET - UNTREATED WASTEWATER

Pollutant

Sb
As
Be

Hg
Se
Ag

Tl
Al
Co
F

Pollutant

Cd
Cr
Cu

Pb
Ni
Zn

Fe
Mn
TSS

TABLE VII -15
L&S PERFORMANCE

ADDITIONAL POLLUTANTS

Average Performance (mgt} I

0.7
0.51
0.30

0.06
0.30
O. 10

0.50
2.24
0.05

14.5

TABLE VII-16

Min. Cone (mg/l) Max. Cone. (mg/l)

<0.1 3.83
<0.1 116
<0.1 108

<0. 1 29.2
<0.1 27.5
<0.1 337.

<0.1 263
<0.1 5.98

4.6 4390





TABLE VII-18

PRECIPITATION-SETTLING-FILTRATION (LS&F) PERFORMANCE
Plant A

Cr 47 0.015 - 0.13 0.045 +0.029 O. 10
Cu 12 0.01 - 0.03 0.019 +0.006 0.03
Ni 47 0.08 - 0.64 0.22 +0.13 0.48
Zn 47 0.08 - 0.53 O. 17 +0.09 0.35
Fe

For 1978-Treated Wastewater

Parameters No Pts. Range mg/l
For 1979-Treated Wastewater'

Mean ... 2
std. dev.

Mean +

std. dev.

1411

- 72.0
0.45

- 20.0
- 32.0
- 95.0

32.0
0.08
1 .65

33.2
10.0

5
5
5
5
5

47 0.01 - 0.07 0.06 +0.10 0.,?6
28 0.005 - 0.055 0.016 !:0.010 -0.04
47 0.10 - 0.92 0.20 +0. 14 0.4~
47 0.08 2.35 0.23 ":;0.34 0.91
21 0.26 - 1 . 1 0.49 :+0. 18 0.f35

Cr
Cu
Ni
Zn
Fe

Cr
Cu
Ni
Zn
Fe"

Raw Waste



TABLE VII-19

PRECIPITATION-SETTLING-FILTRATION. {LS&F} PERFORMANCE
Plant B

Mean + Mean + 2
Parameters No Pts. Range mg/l std. dev. std. dev.
For 1979-Treated Wastewate~

Cr 175 0.0 - 0 .. 40 0.068 +0.075 0.22
Cu 176 0.0 - 0.22 0.024 +0.021 O.Oi
Ni 175 0.01 - 1 .49 0.219 +0.234 0.69
Zn 175 0.01 - 0.66 0.054 +0.064 O. 18

.Fe 174 0.01 - 2.40 0.303 !:0.398 1 . 10
TSS 2 1. 00 - 1 .00

For 1978-Treated Wastewater

Cr 144 0.0 - 0.70 0.059 +0.088 0.24
Cu 143 0.0 - 0.23 0.017 +0.020 0.06
Ni 143 0.0 - 1 .03 0.147 +0.142 0.43
Zn 131 0.0 - 0.24 0.037 +0.034 O. 1 1
Fe 144 0.0 - 1 .76 0.200 !:0.223 0.47

Total 1974-1979-Treated Wastewater

Cr 1288 0.0 - 0.56 0.038 +0.055 0.15
Cu 1290 0.0 - O. i3 0.011 +0.016 0.04
Ni 1287 0.0 - 1 . B8 0.184 +0.211 0.60
Zn 1273 0.0 - 0.66 0.035 +0.045 O. 13
Fe 1287 0.0 - 3. 15 0.402 :!:0.509 1.42

'Raw Waste

Cr 3 2.80 - 9. 15 5.90
Cu 3 0.09 - 0.27 0.17
Ni 3 1 .61 - 4.89 3.33
Zn 2 2.35 - 3.39
Fe 3 3. 13 -35.9 22.4
TSS 2 177 -466.

1412



TABLE VII-20

PRECIPITATION-SETTLING-FILTRATION (LS&F) PERFORMANCE
Plant C

Cd 103 0.010 - 0.500 0.049 +0.049 O. 147
. Zn 103 0.039 - 0.899 0.290 :;0.131 0.552
TSS 103 0.100 - 5.00 1 .244 !.1.043 3.33

pH 103 7. 1 - 7.9 9.2*

For Untreated Wastewater

Cd 103 0.039 - 2.319 0.542 +0.381 1 .304
Zn 103 0.949 -29.8 11.009 +6.933 24.956
Fe 3 0.107 - 0.46 0.255

TSS 103 0.80 -19.6 5.616 +2.896 1 1 .408
pH 103 6.8 - 8.2 7.6*

* pH value is median of 103 values.

Mean + 2
std. dev.

Mean +
std. cleve

1413

Range mg/l
For Treated Wastewater
Parameters No Pts.
For Treated Wastewater



Table VII-21

SUMMARY OF TREATMENT EFFECTIVENESS (mg/I)

L&S Technology System LS&F Technology System Sulfide P~ecipitation Filt~ationPollutant One-Day 10-Day 30-Day One-Day 10-Day 30-Day One-Day 10-Day 30-DayPa~amete~ Mean Maximum Ave~age Ave~age Mean Maximum Ave~age Ave~age Mean Maximum Ave~age Ave~age

114 Sb 0.70 2.87 1.28 1.14 0.47 1.93 0.86 0.76115 As 0.61 2.09 0.93 0.83 0.34 1.39 0.62 0.65117 Be 0.30 1. 23 0.55 0.49 0.20 0.82 0.37 0.32
118 Cd 0.079 0.34 0.15 0.13 0.049 0.20 0.08 0.08 0.01 0.04 0.018 0.016119 C~ 0.084 0.44 0.18 0.12 0.07 0.37 0.15 0.10 0.08 0.21 0.091 0.081120 Cu 0.58 1.90 1.00 0.73 0.39 1.28 0.61 0.49 0.05 0.21 0.091 0.081
121 CN 0.07 0.29 0.12 0.11 0.047 0.20 0.08 0.08122 Pb 0.12 0.42 0.20 0.16 0.08 0.28 0.13 0.11 0.01 0.04 0.018 0.016.... 123 Hg 0.06 0.25 0.10 0.10 0.036 0.15 0.06 0.06 0.03 0.13 0.0555 0.049ol:>o....
124 Ni 0.74 1.92 1. 27 1.00 0.22 0.55 0.37 0.29 0.05 0.21 0.091 0.081

ol:>o
125 Se 0.30 1. 23 0.55 0.49 0.20 0.82 0.37 0.33126 Ag 0.10 0.41 0.17 0.16 0.07 0,.29 0.12 ' 0.10 0.06 0.21 0.091 0.081
127 T1 0.60 2.05 0.91 0.81 0.34 1.40 0.61 0.65128 Zn 0.33 1.46 0.61 0.45 0.23 1.02 0.42 0.31 0.01 0.04 0.018 ,0.016

AI 2.24 6.43 3.20 2.52 1.49 6.1'1 2.71 2.41Co 0.05 -0.21 0.09 0.08 0.034 0.14 0.07 0.06F 14.5 59.5 26.4 23.5 59.5 26.4 23.5
Fe 0.41 1.20 0.61 0.50 0.28 1. 20 0.61 0.50Mn 0.16 0.68 0.29 0.21 0.14 0.30 0.23 0.19P 4.08 16.7 6.83 6.60 2.72 11.2 4.6 4.4
O&G 20.0 12.0 10.0 10.0 10.0 10.0TSS 12.0 41.0 19.5 15.5 2.6 15.0 12.0 ·10.0



Table VII-22.

SUMMARY OF TREATMENT EFFECT! VENESS FOR SELECTED NONCONVENTIONAL METAL POLLUTANTS (mgl1 )

L&S Technology System LS&F Technology System
Po 1 1utant One-Day ·1Q-Day 3D-Day One-Day 10-Day 30-Day
Pa.rameter Mean Ma x i mum Average Average Mean Maximum Average Average

NH3 32.2 133.3 58.6 52.1 32.2 133.3 58.6 52.1
Cb •• 0.12· *. •• •• 0.12· •• ••
Au ... 0.1 •• •• •• 0.1 •• ••
Hf 7.28 28.8 13.9 NC 4.81 19.7 9.01 NC
Mg •• 0.1* •• •• •• 0.1· ** ••
Mo 1.83 6.61 3.42 NC .1.23 5.03 2.23 NC

Pt *. 0.1 •• •• •• 0.1 •• ••
Ta •• 0.45· •• •• •• 0.45· •• ••
Ti 0.19 0.94 0.41 NC 0.13 0.53 0.23 NC

.....
or:. W 1.29 6 ..96 2.78 NC 0.B5 3.48 1. 55 NC...... U 4.00 6.50 4.73 NC 2.67 4.29 3.12 NC
U1 V •• 0.1· •• •• •• O. , • •• ••

Zr 7. 28 28.8 13.9 NC 4.81 19.7 9.01 NC

•• None established .

• Limits of detection.

NC - Not calCulated.
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*Note ZXp1an&tiDn ot ~al Il&tiDq.
C&teqory B (high reJlOval)

a~=b. at: leval. ~ 100 aq/CJ carbon at Ct • 10 1IlCJ!1

ac!ltor~ at: leval. ~ 100 .'1/'1 carbon at: Ct < 1.0 laq/l

C&teqory It (DOderata r~l)

adllorb. at: l..,el. ~ 100 r&CJICJ carbon at: Ct. 10 lag/l

a~orb. at: level. ~ 100 '1J.q/q c4rbon at Ct < 1.0 lai/l

C&teqory to (low raaoval)

a~orb. at level. < 100 mq/CJ carbon at =t • 10 mi/l

a~rb. at laval. < 10 lai/i carbon at =t < 1.0 Illq/l

Ct • tinal concentration. ot priority pollutant: at equilibrium

TABLE VII-23
TREATABILITY RATING OF PRIORITY POLLUTAN!S

UTILIZING CARBON ADSORPTION

H

B
II
H
a
H
B
R

R
H
H

a

It
II
to
to

H
H
R
II

B

B

M
L
M
R
H
R
H
R
R
R
R
H

"II
II
a
It
R
II
II

,8
H
8
a

*bmoval
RlItinq

49. trichlorotluoroaathane
SO. dichloroditluoramathane
51. chlorodibroaomathmne
52. haXachlorobutadiana
53. h.xachlorocyclopantadiana
54. iaophorone
55. naphthalana
56. nitrobanzaDa
57. 2-nitrophenol
58. 4_itrophenol
59. 2,4-d1n1tropbanol
60. 4.5-d1n1tro-o-=e.ol
61. If-nitroao~thyl&ai:le

62. K-nitroaod1phenylaaina
63. If-n1troaodi-n-propylaaina
64. pentachlorophenol
55. phenol
66. biaC2_thylhazyl)phthaJ.ata
67. batyl benzyl phthalate
58. di-n-butyl phthaJ.ata
69. di-n-oet:yl phthalate
70. diethyl phthalate
71. eu-thyl phthalate
72. 1,2-benunthracane

(bencoCa)anthracena)
73. banzoCa)pyrene (3.4-benzo­

pyrene)
74. 3,4-benzotluoranthena

CbanzoCb)tluoranthenel
75. 11,12-banzotluoranthene

(benzo(k)tluoranthana)
75. chryaena
77. acenaphthylue
78. anthracene
79. 1,12-banzoparylene (benzo

(gh1)-perylene)
80. tluorena
81. phenanthrene
82. 1,2,3,6-d1banunthrac-~~

(dibanzo(a, hI anthracue I
83. indano Cl,2,3-cd) pyrene

C2.3-o-phenYlane pyrena)
84. pyrane
85. tetrachloroathylena
85. tolwme
87. trichloroathylene
88. vinyl chlorida

(chloroathylene)
106. PCB-1242 (Aroclor 1242)
107. ~1254 (Ucclor 12.54)
108. ~1221 (Aroclor 12211
109. 1'0-1332 (Aroclar 1.232)
110. PCB-1248 (Aroclor 1248)
111. ~12GO (Aroclor 1260)
112. PCB-1015 CAroclor 1016)

R
to
to
It
R
It

It
to

II
II
II
to
II
H
B
II
II
L
to
II
It
K

R
R
B
It
It
R
It
It
B
to

II
II
II
n
It
II
II
R
Jl
It
to

to
to
If
K

*Raaoval
Il&tinq Priorit:y PollutantPriority Pollutant

1. acanaphthene
2. acrolein
3. acrylonitrile
4. benzene
.5 • benzidina
6. carbon tetrachloride

Ctetrachlorc.athana)
7. chlorobaazena
8. 1,2.3-trichlorobenzene
9. haxachlorobaazene

10. 1.2-d1chloroath&na
11. 1.1.1-trichloroethaDa
12. hexachloroathana
13. 1.1-dichloroathana
Ie. 1.l,2-trichJ.oroathana
1.5. 1,1,2,2-tetrachlorathanfi
15. chloroathaDa
17. b1aCchloJ:Ollethyl) ether
ID. bi.C2-chloroathyl) ether
19. 2-chloroathylYinyl ather

ClI1:ad)
20. 2-ehloronaphthaleDa
21. 2.4.6-trichlorophenol
22. par&chlorc.ata =e.ol
23. chlorotora Ctrichlor.-.th&ne)
24. 2-chlorophenol
2.5. 1,2-d1chlorobenzene
26. 1.3-dichlorobanzena
27. 1.C-dichlorobenzene
21. 3.3'-dichlorobtulz1d1na
29. 1.1-d1chlo~t:hrlaDa

30. 1.2-trana-dichloroathylene
31. 2.4-d1chlorophenol
32. 1.2-dichloropropana
33. 1,2-dichloroproprlana

C1,3-d1chJ.oroF0P8Da)
34. 2.4-dimethylphenol
35. 2.4-dinitrotoluene
36. 2.6-d1n1trotoluene
37. 1.2-diphenylhydrazina
39. ethylbal1Zene
39. tl~ranthena

40. 4-<:h1orophenyl phenyl ather
41. 4-brCBOphenyl phenyl ethe
42. bill C2-ehl.oroi.opropyl)ether
43. b1aC2-ehloroathoxy)_thaDa
«. _thylene chloride

Cdichloroaathane)
45. _thyl chlorida Cc:hlorC8llthana)
46. -.thyl brc.1de C~thanal
47. b~tora Ctr1bro.-thana)
48. di~thane



Table VII - 24
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CLASSES OF ORGANIC COMPOUNDS ADSORBED 'ON CARBON

tar acids, benzoic acid

benzene, toluene, xylene

alkyl benzene sulfonates

aniline, toluene diamine

Exa~ples of Ch~ical Class

melkylene blue, Indigo carmine

hydroquinone, polyethylene
glycol

trichlorophenol, pentachloro­
phenol

naphthalene, ant~racene

bephenyls

gasoline~ kerosine

carbon tetrachloride,
perchloroethylene

phenbl,cresol, i~~or~eriol

and polyphenyls

chlorobe~zene, polychlorir~ted

biphenyls, aldrin, en~rin,

toxaphene, DDT

Surfactants

Organic Chemical Class

Aromatic Hydrocarbons

Soluble Organic Dyes

High Molecular Weight Ketones, Esters,
Ethers and Alcohols

Chlorinated Aromatics

High Molecular Weight Aliphatic Amines
and Aromatic Amines

Polynuclear Aromatics

High Molecular Weight includes compounds in the broad range of from 4 to 20
carbon atoms.

High ~~lecular Weight Aliphatic and
Branch Chain Hydrocarbons

Phenolics

High Molecular Weight Aliphatic Acids
and Aromatic Acids

Ch,1orinat~d Aliphatic Hydrocarbons

Chlorinated Phenolics



Table VII-26

ION ~XCHANGE PERFORMANCE

Parameter Plant A Plant B
Prior·To After Prior To .1

After
Purifj..""" Purifi- Purj.fi- Purifi-

All Values mg/l <;ation cation cation cation

Al 5.6 0.20
Cd 5.7 0.00
Cr+3 3. 1 0.01

Cr+6 7 . 1 0.01
Cu 4.5 0.09 43.0. 0.10
CN 9.a 0.04 3.40 0.09

Au 2.3'0 0.10
Fe 7.~ 0.01
Pb 1 .70, 0.01

Mn 4.4 ·0.00
Ni 6.~ 0.00 1.60 0.01
Ag 1.5 0.00 9.10 0.01

S04 210.00 2.00
Sn 1.7 0.00 1. 10 0.10
Zn 14.a 0.40

ACTIVATED CARBON PERFORMANCE (MERCURY)

Plant
A
B
C

Table VII-25

Mercury 'levels
. In .
28.0
0.36
0.008
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- mg/l



Table VTI-27

MEMBRANE FILTRATION SYSTEM EFFLUENT
.--

Specific Manufa~turers Plant 19066 Plant 31022 Pr.edi cted
Metal Guarantee In Out In Out Performanc

Al 0.5
Cr, ( +6 ) 0.02 0.46 0.01 5.25 <0.005
Cr (T) 0.03 4. 13 0.018 98.4 0.057 0.05
Cu O. 1 18.8 0.043 8.00 0.222 0.20

Fe O. 1 288 0.3 21 . 1 0.263 0.30
Pb 0.05 0.652 o. 01 0-.288 0.01 0.05
CN 0.02 <0.005 <0.005 <0.005 <0.005 0.02

Ni O. 1 9.56 0.017 194 0.352 0.40
Zn O. 1 2.09 0.046 5.00 0.051 O. 10
TSS 632 O. 1 13.0 8.0 1 . 0

Table VII-28

PEAT ADSORPTION PERFORMANCE

Pollutant In M(lOg/I)

Cr+6 35,000 0.04
Cu 250 0.24
CN 36.0 0.7 ,...

Pn 20.0 0.025
Hg 1.0 0.02
Ni 2.5 0.07

Ag 1 .0 0.05
Sb 2.5 0.9
Zn 1 .5 0.25
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ULTRAFILTRATION PERFORMANCE

Parameter

'Oil (freon extractable)
COD
TSS
Total Solids

Table VII-29

Feed (mg/l)

1230
8920
1380
2900

1420

Permeate (mg/l)

4
148

13
296
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TABLE VII-30

CHEMICAL EMULSION BREAKING EFFICIENCIES

Reference

Katnick and Pavilcius, 197

Sa.mpl ing data**'

Sampling data+

r

Sampling'data*

*Oil and grease and total suspended solids were taken as grab
samples before and afte~ batch emulsion breaking treatment which
used alumn and polymer on emulsified rolling oil wastewater.

+Oil and grease (grab) and total suspended solids (grab) samples
were taken on three consecutive days from emulsified rolling
oil wastewater. A commercial demulsifier was used in this batch
treatment.

**Oil and grease (grab) and total suspended"solids (composite)
samples ~ere taken on three consecutive days from emulsified
rolling oil wastewater. A commercial demulsifier (polymer)
was used in this batch treatment. '

++This result is from a full-scale batch chemical treatment system
for emulsified oils from a .steel rolling mill.

Concentration' (mg/l)
Parameter Influent Effluent

O&G 6,060 98
TSS 2,612 46
O&G 13,000' 277

18,400
21,300 189

TSS 540 121
680 59

1,060 140
O&G 2,300 52

12,500 27
13,800 18

TSS 1,650 1·87
2,200 153
3,470 63

O&G 7,200 80



FIGURE VII-1. COMPARATIVE SOl.UBILITIES OF METAL HYDROXIDES
AND SULFIDE AS A FUNCTION OF pf-J

o'

\
\

\
:i-" 10·:1
.!.
.J
C
t­
iii
:f
Q
iii

~
o
Ul
VI

E
b­
o
Z
o
j:
<
II:
t­
Z
iii
U
Z
o
u

1422

\
\
\

IS



pH
to.5

-

t 0.0t.5

CAUSTIC SODA

t.O8.5

OL..-----J.-- --L ....L ...L-.-.;. .....J

8.0

O. t 0 1-----:~--+-----4------I_-.:.----I_--....,.,.oli::...-~
/

FIGURE VII-2. LEAD SOLUBILITY IN THREE ALKALIES

SODA ASH AND
CAUSTIC SODA V

oJ·

~
~

c' Q.20 .....--~--+-------t--__:::;III"'OOIlI!!:::::..t------~-----_l
<
101
oJ

1423

O.sO......-----+- -+ I- I_-----~

O.4l0 ..----.:.--...,...-----.....,.----_-_,..- ,..------..,



•

0

0 c

0
4

0

~d
I---
c

g

0
c-

0 0-

0 0 0 (

0

0

~
c

--

0

• ~ N
('/0") NOI.lYaU..N:I:)NO:) :)NIZ J.N3n'.doll3

1424

N-

o-

::r
II.
~
Z..,
;:)
oJ
Ll.

III Ll...,
~
~

:E
Z
i

•

:t
Co
~
Z
IlJ
:l
..J
Lt.
Lt.
AU

~
:l
!
z
~
&Ii
>
zo
t=
<
Q:
~

Z
w
U
Zo
u
u
z
N
~

Z
IlJ
:l
..J
LL.
LL.
IlJ

..,
•-->

IlJ
Q:
:l

"LL:



--en
E

c 0.1
0 "'';:;
ra..-.c
CI> <!
u
c
0

(.)-I-' c
CI>

"""
::s

IV :E
lJ1 w

-=.CI>-raCI>..
l-
E 0.01::I

's
-=ra
(.)

100101.00.1

0.001 1l:1lillr,.1ll-_--I---Jr.ta.I---L.Callil"'k-..L1..L-..L.l...J....L---.J..--'-'----L---L--L..L-l..J.:...L-----I---l----I---I--l-....L-L..1-L--------L.--.J..-L.-I.--l-L-L...L.J

0.01

.Data points with a raw waste concentration
less than 0,1 mg/l Were not included in
treatl)lent effectiveness calculations.

Cadmium Raw Waste Concentration (mgll)

FIGURE VII-4
HYDROXIDE PRECIPITATION SEDIMENTATION EFFECTIVENESS

. CADMIUM

(Number of observations = 2)



-
l.....-

.

-

'=J

•

I--

~

~ @

-
~

L...

~

CD

- -

@

@

J d '"I I II ... r.l I -

10

-......
ene- 1.0c
Cl

'+:;
.~...

C
CU
U
C
Cl

c.:I...
c
CU
::::I

!E
w
"CI

CU...I-' ca
CU~ ..tv I-

CJ\ e 0.1::::I·s
Cl..

..c ,
c.:I

0.01
0.1 1.0 10 100 1000

Chromium Raw Waste Concentration (m'gll)

FIGURE VII-5
HYDROXIDE PRECIPITATION SEDIMENTATION EFFECTIVENESS

CHROMIUM

(Number of obserVations = 25)



0

0 I~ (~

e l.!- e>..

0 .~~

iii

,

'" 0 ~

10

-
"""-
co
E

1.0
I:
Q

'+::ca.......
I:
Q>
U
c:
Q

C.,)

....
I:

I-' Q>

:=
~ 5::r-J
-..J w

"Cl
Q>....ca
Q>...
I-
"- 0.1Q>

~
~

0
C.,)

0.01
0.1 1.0 10

Copper Raw Waste Concentration (mglt)

100 1000

(Number of observations = 18)

',1,',

FIGURE VII-6
HYDROXIDE PRECIPITATION SEDIMENTATION EFFECTIVENESS

COPPER



,

@
I( -~ <i

@

I2IIW:\ r.b".",~ ~ I"",

1.0

-:::.
ene

0.1-c
CI

'0:;:
Cl:I.....
c
C1I
Co>
C
CI
~...
c
C1I=/-' :e

~ w
IV ...
co c

C1Ie...
Cl:I..

0.01..
I-
'1:l
Cl:I
C1I.....

0.001

0.01 0.1 1.0

lead Raw Waste Concentration (mg/l)

10 100

(Number of observations = 22)

FIGURE VII-1
HYDROXIDE PRECIPITATION SEDIMENTATION EFFECTIVENESS

lEAD



x

x
x
x

.

(~ x x

. x x x
(! (;}0

."

'(0'

1-
~ .

:

(.) X
X

I,

,

Mlr.

10

--~E -- --~c E 1.0Q
'';=
ca C...... Q
C '';=
CIl ca
c.J ..
C ....
Q C

CIlt.) c.J.... C
C Q
CIl t.)::s ....
!E c

CDw ::s
"I:l l;::

I-' CIl -,~ w
~ e "Q
tv CD

\D .... ....
ca

E e
::s .... 0.1c
's Qi

.:.::::s ,~

Ci z
)( 0

0.01

0.1 1,0 10

o Nickel Raw Waste Concentration (mg/l)
x Aluminum Raw Waste Concentration (mg/l)

100

(Number of observations = 12)
(Number of observations = 11)

1000

FIGURE VII-8
HYDROXIDE PRECIPITATION SEDIMENTATION EFFECTIVENESS

NICKEL AND ALUMINUM



r--

\:'J

~
I..,.,,- •

" .
~ I~

I~

0 0 I'"'

!)

0
Q ,, ~

~....,

Ir-\ i=J
1-

0
0

le)

0
~

t:\ I t:\

FIGURE VII-9
HYDROXIDE PRECIPITATION SEDIMENTATIDN EFFECTIVENESS

ZINC

10

-:::::
CIe 1.0
c
CI

'0;
ca......
ceu
u
C
CI

Y...c
eu=

==I-' w
il::> "CI
W eu...
0 ell

eu...
t- 0.1u
c
N

0.01
0.1 1.0 10

Z·ine RawWlIste Coneentration( mgfl)

100 tODD

(Number of observations =·28)



0

0

•

.,
.

f-o.0 0 ~ ~

~ 0

0

(!)

@

'.

......
"=-'

•
~

-
..:KJ

-

0

I I I ""

10

--- 1.0en
E-
e
Q

';::
l\:I.....e
II)
tJ
e
Q

u...
c
II)

I-' ~

II:> :;::....
w UJ
I-' "Cl

II)...
l\:I
II).. 0.1l-
e
Q..

0.01
0.1 1.0 10

Iron Raw Waste Concentration (mg II)

100 1000

(Number of observations = 28)

FIGURE VII-10
HYDROXIDE PRECIPITATION SEDIMENTATiON EFFECTIVENESS

IRON



1.0

-.::::::.
C1

S
c 0.1CI.+::
I!
t:
lU
U
C
CI
u
t:
a.I
:::l

l;::

I-' -w
~ '1:1
W lU

N
...
m..
t-

U 0.01c
it
c
~

i~ 1<1

r.

l.-..
p

~

,

"'" "

1.0 10

Manganese Raw Waste Concentration (mg/l)

100 1000

(Number of observations = 10)

FIGURE VII-11
HYDROXIDE PRECIPITATION SEDIMENTATION EFFECTIVENESS

MANGANESE .



1000

10,000100010010

. ,

,.

." .

-0)

0 @ (I) (;)

0 @
, ~

(;) ~ ;=:;

.' 0 €
0 0

0 0 00
~ ~ ~ ~ 0r.>

'" ~ ~

~ 1"-'

""
I~ l-....
I~ ~

I-. ~...... ~
vI'" ,'-"

~

I~

h. 1::'\ ~

1.0

1.0

-en
100E

c
CI

'';:;
n:J....-
c
Q)
Co)
c
c

Co'
.-
C
Q)

::lf-' ;;::....,(::>

wW
"'CIW
Q).-
n:J

2:!
I- 10en
en
I-

TSS Raw Waste Concentration (mg/l)
(Number of observations = 45)

FIGURE VII-12 ,
HYDROXIDE PRECIPITATION SEDIMENTATION EFFECTIVENESS

TSS



SULFURIC SULFUR
AC'D DIOXIDE

LIME OR CAUSTIC

r----
pH CONTI'tOLLERr; --,

. L.-J "
I
I
I
I

ItAW WASTE I
(HEXAVALENT CHROMIUMI :

•

----.,
r--,J~ORPCONTROl.LER

I
I
I
I
I
I
I
I

-----,
r--DPH CONTROLLER

I
I
I
I
I
I,
I
I

•
(TRIVALENT CHROMIUM''"- ..J

REACTION TANK

1---...... TO CLAR,,.IER1.-________ (CHROMIUM

PRECIPITATION TANK
HYDROXIDE'

FIGURE VII-13. HEXAVALENT CHROMIUM REDUCTION WITH SULFUR DIOXIDE



. INFLUENT

l"OLYMER

DRAIN

1435

\WATER
LEVEL

ALUM

STOREP
BACKWASH

WATER

FIGUR~ VII·14. GRANULAR BED FILTRATION

FILTER
COMPARTMENT



1436

FA.RIC
P'ILTER MEDIUM

ENTRAPPED SOLIDS

PLATES AND FRAMES ARE
PRESSED TOGETHER DURING
F'ILTRATION CYCLE

RECTANGULAR
METAL PLATE

""---INLET
SLUDGE

RECTANGULAR F'RAME

I
~~::

I•
..

FIGURE VII·15. PRESSURE FILTRATION

.... FILTERED LIOUID OUTLET

~~i
~~f·,

SOl.ID :f
RECTANGULAR ;',
ENDI"LATE_ ,

PE"F'OltATED
.ACKING PLATE

F'A.RIC
P'ILTER MEDIUM



SLUDGE DRAWOFF

OUTLET LIQUID

OUTLET ZONE

BELT-TYPE SOLIDS COLLECTION
MECHANISM

SETTLED PARTICLES
COl.l.ECTED AND PERIODICAl.L.Y
REMOVED

CIRCULAR BAFFLE
INLET LIQUID

aA",.LES YO MAINTAIN
QUIESCENT CONDITIONS

SETTLED PARTICLES COLLECTED
AND PERIODICALLY REMOVED

t

1437
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FIGURE VII-17. ACTIVATED CARBON ADSORPTION COLUMN
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FIGURE VIH8. CENTRIFUGATION
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FIGURE VII-23. DISSOLVED AIR FLOTATmON
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FIGURE VII-30. VACUUM FILTRATION
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Figure VII-37
COUNTER CURRENT RINSING (T~~S)
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SECTION VIII

COST OF WASTEWATER TREATMENT AND CONTROL

This section contains a summary·of cost estimates, a discussion
of the cost methodology used to develop these estimates, and
descriptions of the equipment and assumptions for each individual
treatment technology. These cost estimates, together with the
estimated pollutant reduction performance for each treatment and
control option presented in Sections IX, X, XI, and XII, provide
a basis for evaluating each regulatory option. The cost
estimates also provide the basis for determining the probable
economic impact of regUlation on the category at· different
pollutant discharge levels. In addition, this section addresses
nonwater quality environmental impacts of wastewater treatment
and control alternatives, including air pollution, solid wastes,
and energy requirements. ..

SUMMARY OF COST ESTIMATES

The total capital and annual costs of compliance associated with
the final regulation are presented by subcategory in Tables VIll­
I through VIII-3 for regulatory optioris BPT, BAT, andPSES,
respectively. The number of direct and· indirect discharging
plants in each subcategory is also shown. The cost estimation
methodology used to obtain these pl~nt cost estimates is
described in the fol16wing SUbsection..

COST ESTIMATION METHODOLOGY

Two general .approabhes tQ cost estimation are possible. The
first is aplant-by-plant approach in which costs are· estimated
for each individual plant in the category. Alternativ~ly, in a
model plant approach, costs can be projected for an entire
category (or subcategory) based on cost estimates for an
appropriately selected subset of plants. The plant-by-plant cost
estimation procedure is usually preferred compared with the model
plant approach because it maximizes the use .of plant specific
data.

To implement the selected approach, the wastewater
characteristics and appropriate treatment technologies for the
category are identified. These are discussed in Section V and
Section VII of this document, respectively. Based on a
preliminary technical and economic evaluation, the model
treatment systems are developed for each regulatory option from
the available set of treatment processes. When these systems
are established, a cost data base is developed containing capital
and operating costs for each applicable technology. To apply
this data base to each plant for cost estimation, the following
steps are taken:
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1. Define the components of the treatment system (e.g.,
chemical precipitation, multimedia filtration) that are
applicable to the waste streams under consideration at
the plant and their sequence.

2. Define the flows and pollutant concentrations of the
waste streams entering the treatment system.

3. Estimate capital and annual costs, for this treatment
system.

4. Estimate the actual compliance costs by accounting for
and subtracting the costs for existing treatment-in­
place.

5. Repeat steps 1-4 for each regulatory option.

In this subsection, the changes made in the cost estimation
methodology from proposal are presented first. Following this,
each of the elements of the cost estimation procedure are
presented. This includes development of the cost data base, the
plant profile data base, and the wastewater characterization data
base. The subsection concludes with a discussion of the three
methods used for treatment system cost estimation-application of
a computer cost estimation model, use of cost curves and
equations, and scaling ,of costs from similar plants.

Cost Data Base Development

A preliminary step required prior to cost estimation is the
development of a cost data base, which includes the compilation
of cost data and standardization of the data to a common dollar
basis. The sources of cost data, the components of the cost
estimates, and the update factors used for standar~ization (to
March 1982 dollars in this case) are described below.

Sources of Cost Data

Capital and annual cost data for the selected treatment processes
were obtained from three sources: (1) equipment manufacturers,
(2) literature data, and (3) cost data from existing plants. The
major source of equipment costs was contacts with equipment
vendors, while the majority of annual cost information was
obtained from the literature. Additional cost and design data
were obtained from data collection portfolios when possible.

Components of Costs

The components of the capital and annual costs and the terminol­
ogy used in this study are presented here in order to ensure
unambiguous interpretation of the cost ,estimates and cost curves
included in this section.
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~apital Costs. The total c?pital costs consist of two major
components: direct, or total'module capital costs and indirect,
or system capital costs. The direct capital costs include:

(1) Purchased equipment cost,

(2) Delivery charges (based on shipping distance of 500
miles), and

(3) Installation (including labor, excavation, site work,
and materials).

The direct components of the total capital cost are deriveq
separately for each unit process, or treatment technology. In
this particular case, each unit process cost includes individual
equipment costs (e.g., pumps, tanks, feed systems, etc.). The
correlating equations used to generate the individual equipment
costs are presented in. Table VIII-4.

Indirect capital costs consist of contingency, en~ineering, and
contractor fees. These indirect costs are deriyed from factored
estimates, i.e., they are estimated as percentages of a subtotal
of the total capital cost, as shown in Table VIII-5.

Annual Costs. The total annualized costs alsd consist of both a
direct and a~system component as in the case of total capit~l
costs. The components of the total annualized costs are listed
in Table VIII-6. Direct annual costs include the following:

o Raw materials - These costs are for chemicals and other
materials used in the treatment processes, which may
include lime, caustic, sodium thiosulfate, sulfur diox­
ide, ion exchange resins, sulfuric acid, hydrochloric
acid, ferrous. sulfate, ferric chloride, and pdlyelectro­
lyte.

o Operating labor and materials - These costs account for
the labor and materials directly associated with opera-­
tion of the process equipment. Labor requirements are
estimated in terms of hours per year. A labor rate of
$21 per hour was used to convert the hour requirements
into an annual cost. This composite labor rate included
a base labor rate of $9 per hour for skilled labor, 15
percent of the base labor rate for supervision and plant
overhead at 100 percent of the total labor rate. The
base labor rate was obtained from the "Monthly Labor
Review," which is published by the Bureau of Labor
Statistics of. the U.S. D~partment of Labor. For the
metals industry, this wage rate was approximately $9 per
hour in March of 1982.
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o Maintenance labor and materials - These costs account for
the labor and materials required for repair and routine
maintenance of the equipment. They are based on informa­
tion gathered from the open literature and from equipment
vendors.

o Energy - Energy, or power, costs are calculated based on
total energy requirements (in kW-h~s), an electricity
charge of $0.0483/kilowatt-hour and an operating schedule
of 24 hours/day, 25Q days/year unless specified other­
wise. The electricity charge rate (March 1982) is based
on the average retail electricity prices charged for
industrial service by selected Class A privately-owned
utilities, as reported in the Department of Energy's
Monthly Energy Review.

System annual costs include monitoring, insurance and
amortization. Monitoring refers to the periodic analysis of
wastewater effluent samples to ensure that discharge limitations
are being met. The annual cost of monitoring was calculated
using an analytical lab fee of $120 'per wastewater sample and a
sampling frequency based on the wastewater discharge rate, as
shown in Table VIII-7, page • The values shown in Table VIII­
7 represent typical requirements contained in NPDES permits. For
the economic impact analysis, the Agency also' estimated
monitoring costs based on 10 samples per month, which is
consistent with the statistical basis for the monthly limit.

The cost of taxes and insurance is assumed to be one percent of
the total depreciable capital .investment.

Amortization- costs, which account for depreciation and the cost
of financing, were calculated using a capital recovery factor
fCRF). A CRF value of 0.177 was used, which is based on an
interest rate of 12 percent, and a taxable lifetime of 10 years.
The CRF is multiplied by the total depreciable investment to
obtain the annual amortization costs.

Standardization of Cost Data

All capital and annual cost data were standardized by adjusting
to March 1982 dollars based on the· following cost indices.

Capital Investment. Investment costs were adjusted using the
EPA-Sewage Treatment Plant Construction Cost Index. The value of
this index for March 1982 is 414.0.

Chemicals. The Chemical Engineering Producer Price Index for
industrial chemicals is used. This index is published biweekly
in Chemical Engineering magazine. The March 1982 value of this
index is 362.6.

Energy. Power costs are adjusted by using the price of
electricity on the desired date and multiplying it by the energy
requirements for the treatment module in kW-hr equivalents. The
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industrial charge rate for electricity for March 1982 is $0.0483
per kW-hr as mentioned previously in the annual costs discussion.

Labor. Annual costs are adjusted by multiplying the hourly labor
rate by the labor requirements (in labor-hours), if the latter is
known. The labor rate for March 1982 was assumed to be $21 per
hour (see above). In cases where the labor-hour requirements are
unknown, the annual labor costs are updated using the EPA-Sewage
Treatment Plant Construction Cost Index. The value of this index
for March 1982 is 414.0 as stated above.

plant,
stream

Wastewater Characteristics

The raw waste concentrations of pollutants present in the
influent waste streams for cost estimation were based primarily
on field sampling data~ A production normalized raw waste value
in milligrams of pollutant per metric ton of production was
calculated for. each pollutant by multip1ying the measured
concentration by the corresponding waste stream flow and dividing
this result by the corresponding production associated with
generation ·of the waste stream. These raw waste values ·are
averaged across all sampled plants where the waste stream is
found. . These final raw waste values are used in the cost
estimation procedure to establish influent pollutant loadings to
each plant's treatment system. The underlying assumption in this

Upon estab~ishing the appropriate flowsheet for a given
the next step is to define the influent waste
characteristics (flow and pollutant concentrations).

The list of .pollutants which may influence the design (and thus
the cost) of the treatment system is shown in Table VIII-8.
This list includes the convehtional, priority metal, and selected
nonconventional pollutants that are generally found in metal­
bearing waste streams. Varying influent concentrations will
affect the various wastewater treatment processes. For example,
influent waste streams with high metals loadings require a
greater volume of precipitant (such as lime) and generate a
greater amount .. of sludge than waste streams with lower metals
concentratlons.

Plant Specific Flowsheet

After the cost data base have been developed, the ne~t step of
the cost estimation procedure is the selection of the appropriate
treatment technologies and their sequence for a particular plant.
These are determined for a give~ regulatory option by applying
the general treatment diagram for that subcategory to the plant.
This general option diagram is modified as appropriate to reflect
the specific treatment technologies that the plant will require.
For instance, one plant in a subca~egory may generate wastewater
from a certain operation that requires oil-water separation.
Another plant in the same subcategory may not generate this waste
stream and thus may not require oil-water separation technology.
The specific plant flowsheets will teflectthis difference.
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Treatment System Cost Estimation

The regulatory flow was assigned,to waste streams for
which actual flow rate data. were unavailable for a
plant.

The production normalized flows (l/kkg) were determined
for each waste stream based on production (kkg/yr) and
current flow (l/yr) data obtained from each plant's .
dcp or trip report data where possible.

This flow was compared to the regulatory flow allowance
(l/kkg) established by the Agency for each waste
stream.

The lower of the two flows was selected as the cost
estimation flow. The flow in l/yris calculated by
multiplying the selected flow by the production associ­
ated with that waste stream.

(2)

(3)

(1)

(4)

approach ~s that the amount of pollutant that is discharged by a
process is a function of the off-mass of product that is produced
by the process. The amount of water used in the process is
assumed to not affect the mass of pollutant discharged. This
assumption is also called the constant mass assumption since the
mass of pollutant discharged remains the same even if the flow of
water carrying the pollutant is changed.

The individual flows for cost estimation are det,ermined for each
waste stream. The procedure used to derive these flows is as
follows:

In the nonferrous metals forming category, production and flow
information -was not available for all plants. For these
facilities, the best approach is to use either the cost curves
(which are based on general assumptions of the pertinent
wastewater characteristics) or scaling costs based on analogous
plants. These approaches, and where each was used, are discussed
later in this' section.

Costs for the nonferrous metals forming category were estimated
in one of three ways: (1) through use of a computer cost
estimation model, (2) through use of cost curves; or (3) through
scaling of costs from other similar facilities. Selecting the
appropriate method for each plant was based primarily on the
quality and timeliness of the information available for that
plant. Where complete information (flows, production, analytical
data, in-place treatment technology) was available, the computer
cost estimation model or the cost curves were selected. The cost
curves were generally developed using the same algorithms used in
the cost estimation model, and thus the two· cost estimation
methods give comparable results. The cost scaling procedure was
selected for plants with nonferrous metals forming wastewater
flows of less than 5 percent of the plant's total wastewater
flow, or where available information was so sparse that use of



one of the other two procedures was prec~Jded. Each procedure is
discussed in detail below.

Cost Estimation Model

The computer-based cost estimation model was designed to provide
conceptual wastewater treatment-design and cost estimates based
on wastewater flows, pollutant loadings, and unit operations that
are specified by the user. The model was developed using a
modular approach; that is, individual wastewater treatment
processes such as gravity settling are contained in semi~

independent entities known as modules. These modules are used as
building blocks in the determination of the treatment system flow
diagram. Because this approach allows substantial fl~xibility in
treatment system cost estimation, the model did not require
modification for each regulatory option.

Each module was developed by coupling design information from the
technical literature with actual design data from operating
plants. This results in a more realistic design than using
either theoretical or actual data alone, and correspondingly more
accurate cost estimates. The fundamental units for cost estima­
tion are not-the modules themselves but the components within
each module. These components range in configuration from a
single piece of equipment, such as a pump to components with
several individual pieces, such as a lime feed system. Each
component is sized based on one or more fundamental parameters.
For instance, the lime feed system is sized by calculating the
lime dosage required to adjust the pH of the influent to 9 and
precipitqte - dissolved pollutants. Thus, a larger feed system
would be designed for a chemical precipitation unit treating
wastewater containing high concentrations of dissolved metals
than for one_ treating wastewater of the same flow rate but lower
metals loadings.

The cost estimation model consists of four main parts, or catego­
ries of programs:

o User input programs,
o Design and simulation programs,
o Cost estimation programs, and
o Auxiliary programs.

A general logic diagram depicting the overall calculational
sequence is shown in Figure VIII-I.

The user input programs allow entry of all data required by the
model, including the plant specific flowsheet, flow and
composition data for each waste stream, and specification of
recycle loops. The design portion of the model calculates the
design parameter for each module of the flowsheet based on the
user input and material balances performed around each module.
Figur~ VIII-2, depicts the logic flow diagram for the design
portion of the model.
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The design parameters are used as input to the cost estimation
programs to calculate the costs for each module equipment
component (individual correlating cost equations were developed
for each of these components). The total direct capital and
annual costs are equal to the sum of the module capital and
annual costs, respectively. System, or indirect costs (e.g.,
engineering, amortization) are then calculated (see Table VIII-5,
and Table VIII-6, and added to the total ,direct costs to obtain
the total system costs. The logic flow for the cost estimation
programs is displayed in Figure VIII-3. The auxiliary programs
store and transfer the final cost estimates to data files, which
are then used to generate final summary tables (see Table VIII­
10, for a sample summary table).

Cost Curves

The cost curves were developed using the computer cost estimation
model. Therefore, the design and cost assumptions for each
treatment option presented later in this section also apply to
cost curve development. Several flows were selected for each
treatment operation and the capital and annual costs were plotted
against the flow or other design parameter. In cases where the
cost was a function of two or more independent variables (e.g.,
countercurrent cascade rinsing), a combination of curves or
curves and equations was used. To simplify the calculations, the
sludge handling operations (i.e., vacuum filtration and contract
hauling) cost curves were plotted as a function of influent flow
to the sludge handling operatio~. "This necessitated a
calculation of the ratio of sludge produced to the influent'
wastewater flow. This ratio is a function of the wastewater
pollutant loadings. Wastewater characteristics from the
subcategories to be costed using the cost curves (nickel-cobalt,
titanium, zirconium-hafnium, uranium, and refractory metals) were
reviewed to determine how many sludge ratios were =equired to
accurately reflect variation among these subcategories. This
resulted in the identification of the need for four ratios. The
subcategories represented by each ratio and the ratios themselves
appear in Table VIII-9. The table also presents the dry sludge
ratios used in cost estimation for contract hauling.

To calculate the sludge generation ratios, a model plant
representative of the plants in the subcategory; group was
developed. This plant included those waste streams within the
group that contained the highest pollutant loadings. Next, the
computer cost estimation model was utilized to perform ,the
necessary material balances around a treatment system designed
for the model plant. Flows based on BAT regulatory requirements
were used. From this analysis, the sludge ratios were calculated
as the volume of sludge produced divided by the influent flow to
treatment. In cases where the waste stream mix diverged
substantially from the set of waste streams used to develop the
ratio, the ratio was revised accordingly. The ratios used for
each plant are documented in the public record supporting this
ru1emaking.
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After the curves and equations were developed, they were
validated by comparing curve-derived costs with those generated
by' the computer model. Average agreement within 25 percent was
obtained for each treatment option.

In addition to chemical precipitation, the sludge ratios for
cyanidepr~cipitation in the titanium forming subcategory were
calculated. The values are 0.72 1 sludge/l influent and 0.11 1
sludge/l influent for wet (3 percent) sludge and for diy (20
percent) sludge, respectively.

the
cost

handling
by the

The procedure used for scaling consists of four steps. First,
all available information about the plant is summarized. This
include~ the presence and wastewater flows of each nonferrous
metals forming subcategory and other industrial categories, the
type of wastewater treatment present at the plant, and the
relative production of each subcategory and category at the
plant. In the second step, this profile was compared to plants
within or outside of the nonferrous metals forming category to
identify the most similar facility according to the profile
factors given above.

Cost Scaling

Having verified the cost c~rves, the necessary flow and design
data were tabulated for each treatment operation at each plant.
The curves were then read to obtain individual treatment
operation costs. The result.s were summed and added to costs for
enclosures and segregation. System capital costs (engineering,
contractor's fee, contingency) were then applied as were system
annual costs (amortization, taxes and insurance, and monitoring)
to arrive at th~ necessary totals for each plant.

Table VIII-lO lists each treatment operation and
corresponding figure or table number wher~ the specific
correlation is displayed.

The third method used to estimate compliance costs was to scale
capital and operating costs from similar plants that had been
costed by one of the other two methods. As indicated earlier,
this technique was utilized for plants for which insufficient
information was available to use one of the other two procedures,
and for plants whose nonferrous metals forming flow was less than
5 percent of the total plant flow., In the latter case, the
impact of the nonferrous metals forming regulation is small
enough that a more sophiaticated method is unwarranted.

Table VIII-12 lists the number of plants in each subcategory that
were addressed by the scaling procedure.

To calculate the necessary flow to read the sludge
curves, the influent wastewater flow is multiplied
corresponding sludge ratio.
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Third, the identified plant's total capital and operating costs
were scaled based on the flow and the six-tenths rule for cost
estimation:

each plant
the record

0.6Cost for
= Analogous

Plant

Cost for
Subject
Plant

Flow for
x Subject Plant

Flow for
Analogous Plant

The six-tenths rule has been widely applied for first order
approximation of equipment costs.

(1) Lime is used for pH adjustment and coagulation in all
chemical precipitation and sedimentation systems except
foi the precious metals subcategory. Caustic is used
for precious metals forming wastewater to facilitate
precious metals recovery from treatment sludges. These
sludges may be ~ecovered by heating in a furnace. If'
lime is used in chemical precipitation, the calcium
ions present in the sludge would cause hot spots in the
furnace. This will result in degradation of the
furnace lining. Therefore, caustic is used for the
precious metals forming subcategory since sOQium ions
do not cause this' condition and fluoride (which
requires calcium for removal as calcium fluoride) is
not found in significant quantities in precious metals
forming wastewater.

Finally, the costs of compliance attributable to the nonferrous
metals forming regulation are calculated by apportioning the
total plant costs on a flow basis.

A greater subjectivity is associated with this procedure than the
other two methods due to the inherent uncertainties in selecting
and applying analogous p].ants. However, this procedure yields
costs of an acceptable degree of accuracy when examined in light
of the availability of information and the minimal overall cost
impact of these plants on the forming category.

The calculations and ~elected analogous plants for
subjected ~o this procedure are contained in
supporting this rulemaking.

General Cost Assumptions

Regardless of the cost methodology applied, several general cost
assumptions were used throughout the category. These include:



( 2 ) Sludges produced as~ a 'fe'sul t of-:"CchemicaT precipi ta t ion
and 'sedimentation which contain excess lime are consid­
ered to be llonhazardous waste. industr ial facili.ties
will have to test these sludges Exceptions are sludges
produced by treating uranium forming wastewater, which
are considereo radioactive wastes.

(3) Sludges produced as a result of cyanide precipitation
are considered to be hazardous.

(4) Equalization tanks prior to chemical precipitation are
not included for plant flows of <IDOl/hr.

(5) For plant flows less than 50 gallons per week, . compli­
ance costs are estimated based on treatment or disposal
by an off-site source, i.e., contract disposal.

(6) Enclosure costs are assumed to be zero for all modules
except vacuum filters and, in some cases, chemical feed
systems.

(7) Combined treatment of chemical precipitation, chromium
reduction (where applicable), and cyanide precipitation
(where applicable) is used for flow rates less than
2,200 l/hr. If the costs calculated. for combined
treatment are less than the costs estimated for each
separate 'treatment operation, the former costs are
used. Additional information is provided under. COST
ESTIMATES FOR INDIVIDUAL TECHNOLOGIES - Combined
Treatment, below.

(8) In cases in which a single plant has wastewater gener­
ating processes associated with different nonferrous
metals forming subcategories and or other industrial
categories, costs are estimated for a single treatment
system. In most cases, the combined treatment system
costs are then apportioned between subcategories and
categories on a flow-weighted basis since hydraulic
flow is the primary determinant of equipment size and
cost. It is possible, however, for the combined
treatment system to include a treatment module that is
required by only one of the associated subcategories.
In this case, che total costs for that particular
module are included in the costs for the subcategory
which requires the module. Where the module in
question involves flow reduction, the costs are appor
tioned based on an influent flow-weighted basis. Such
cost apportioning is essentially only a bookkeeping
exercise to allocate costs; the total costs calculated
for the plant remain the same.
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Existing treatment is considered as such only if the capacity arid
performance of the existing equipment (measured in terms of
estimated ability to meet the proposed effluent limitations) is
equivalent to that of the technologies considered by the Agency.
The primary source of information regarding existing treatment
was data collection portfolios (dcps).

(1) In cases in which existing equipment has adequate
performance but insufficient capacity, it is assumed
that the plant would comply. by either installing
additional required capacity to supplement the existing
equipment or disregard the existing equipment and
install new equipment to treat the entire flow. This
selection was based on the lowest total annualized
cost. .

used for
specific

all subcategories
qualifications in

(2) When a plant reported processing treatment plant
sludges for metal recovery, capital and annual costs
for' sludge handli~g (vacuum filtration and contract
hauling) are not included in the compliance costs. It
is assumed that it is economical for the plant to
practice recycle in this case, and therefore, the
related costs are considered to be process associated,
or a cost of doing business.

(3) Capital costs for flow reduction (via recycling) were
not included in the compliance costs whenever the plant
reported recycle of the stream, even if the specific
method of recycle was not reported.

Consideration of Existing Treatment

The cost estimates calculated by the model represent "greenfield
costs" that do not account for equipment that plants may already
have in-place, i.e., these costs inc~~de existing treatment
equipment. In order to estimate the actual compliance cost that
would be incurred by a plant to meet the effluent guidelines,
"credit" should be given to account for ~reatment in place at
that plant. This was accomplished by subtracting capital and
annual costs of treatment in place from the "greenfield costs" to
obtain the actual or required capital and annual costs of
compliance.

General assumptions applying to
determining treatment . in-place
instances include:
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Costs are 'presented for the following control and treatment
technologies:

Enclosures, and
Segregation.

andoperation

Countercurrent cascade-spray rinsing,
Cooling towers,
Holding tanks,
Flow equalization,
Cyanide precipitation and gravity settling,
Chromium reduction,
Iron co-precipitation,
Chemical emulsion breaking,
Ammonia steam stripping,
Oil-water separation,
Chemical' precipitation and gravity settling,
Combined treatment,
Vacuum filtration,
Multimedia filtration,
Ion exchang~, and ..
~ontract hauling.

In addition,' costs for the followirtg item~ associated with
compliance costs are also discussed:

(4) S~ttling lagoons were d~sumed to be equivalent to
vacuum filtration for dewatering treatment plant
sludges. Thus, whenever a plant reported settling
lagoons to be currently in use for treatment plant
sludgesi the ~apifal costs of vacuum filtratiori were
not-included. It was a~sumed that annua~ vacuum
filtration costs were comparable to those for
operation of settling lagoons and were used to
approximate the annual operating cost for la9oons.

COST ESTIMATES FOR INDIVIDUAL TREATMENT TECHNO~OGIES

Treatment· technologies have been selected from among the larger
set of available alternatives discussed in Section :VII after
considering such factors as raw waste characteristics, typical
plant characteristics (e.g., location, production schedules,
product mix, and land availability), and present treatment
practices. Specific rationales for selection is addressed in
Sections IX, X, XI, and XII of this document. Cost estimates for
each technologi addressed in this section include investment

costs and annual costs for amortization,
maintenance, and en~rgy.

The specific design and cost assumptions for each wastewater
treatment module are listed under the subheadings to follow.
Costs are presented as a function of influent wastewater flow
except where noted in the unit process assumptions.
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Countercurrent Cascade-Spray Rinsing

for countercurrent cascade-spray rinsing apply to a
rinse system, each consisting of the following

The costs
two-stage

equipment:

o Two fiberglass rectangular tanks (for existing sources,
costs include only one additional tank since the first
tank was assumed to be in place).

Countercurrent cascade rinsing is used to reduce water use in
rinsing operations. In this process, the cleanest water is used
for final rinsing of an item, preceded by rinse stages using
water with progressively more contaminates to partially rinse the
item. Fresh make-up water is added to the final rinse stage, and
contaminated rinse water is discharged from the initial rinse
stage. The make-up water for all but the final rinse stage is
from the following stage. The addition of overhead sprays to the
rinsing process also increases rinsing efficiency. ~herefore,

countercurrent cascade rinsing with sprays was costed when
appropriate as a flow reduction technology for rinse operations.

o One spray rinsing System if not in place,

--stainless steel spray nozzles
--valves
--Teflon-lined piping system .
--conductivity meter
--strainer
--splash guard.

o PVC spargers (air diffuser) for agitation,

--one sparger/l.S feet of tank length
--4 cubic feet of air/min/sparger
--8 hours installation
--20 feet of interconnecting piping.

o One blower (inc~uding motor) for supplying air to the
sparger.

Retrofit capital costs are estimated at IS percent of the
installed equipment cost.

Information reported in dcps was used to estimate the volume of
countercurrent rinse tanks. If no information was available,
tank volume was assumed to be 1,000 gallons. When it was
determined from a plant's dcp that two-·stage countercurrent
cascade rinsing could be achieved by converting two existing
adjacent rinse tanks, only piping, pump, and spray rinsing costs
were accounted for. A constant value of $1,000 was estimated for
the piping costs.



Maintenance .materials are estimated at 2 percent of purchased
equipment cost, and maintenance labor is estimated at 5 percent
of the operating hours.

Capital costs for the spray rinsing system are presented in
Figure VIII-4, and annual costs as an equation in Table VIII-II.
Capital and annual costs maybe determined for rectangular
fiberglass tanks with spargers and interconnecting piping in
Figure VIII-5. Capital and annual costs for pumps may be found
in Figure VIII-6.

Cooling Towers

Cooling towers are used to reduce discharge flows by. recycling
cooling water waste streams. Holding tanks are used to recycle
flows less than 3,400 liters per hour (15 gpm). This flow
represents the effective minimum cooling tower capacity generally
available.

The cooling tower capacity is based on the amount of heat
removed, which takes into account both the design flow and the
temperature decrease needed across the cooling tower. The
influent flow to' the cooling tower and the recycle rate are based
on the assumptions given in Table VIII-13, page It should
be noted that for BAT a cooling tower is not included for cases
in which the actual flow is less than the reduced regulatory flow
(BAT flow) since flow reduction is not required.

The temperat~re decrease is calculated as the difference between
the hot water (inlet) and cold water (outlet) temperatures. The
cold water temperature was assumed to be 20C (85F) and an average
value calculated from sampling data is used as the hot water
temperature for a particular waste stream. When such data were
unavailable, or resulted in a temperature less than 35C· (95F), a
value of 35C (95F) was assumed, resulting in a cooling
requirement for a 6C (lOF) temperature drop. The other two
design parameters, namely the wet bulb temperature (i.e., ambient
temperature at 100 percent relative humidity) and the approach
(the difference between the outlet water temperqture and the wet
bulb temperature), were assumed to be constant at 25C (77F) and
4C (8F), respectively.

For flow rates above 3,400 l/hr, a cooling tower is assumed. The
cooling tower is sized by calculating the required capacity in
evaporative tons. Cost data were gathered for cooling towers up
to 700 evaporative tons.

The capital costs of .cooling tower systems include the following
equipment:

Cooling tower (crossflow, mechanically-induced) and
typical accessories;

Piping and valves (305 meters (1,000 ft.), carbon steel);
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Cold water storage tank (I-hour retention time);

Recirculation pump, centrifugal; and

Chemical treatment system (for pH, slime and corrosion
control).

For heat removal requirements exceeding ,700 evaporative tons,
multiple cooling towers are assumed.

The direct capital costs include purchased equipment cost,
delivery, and installation. Installation costs for cooling
towers are assumed to be 200 percent of the cooling tower cost
based on information supplied by vendors.

Direct annual costs include raw chemicals for water treatment and
fan energy requirements. Maintenance and operating labor was
assumed to be constant at 60 hours per year. The water treatment
chemical cost is based on a rate of $220/1,000 lph ($5/gpm) of
recirculated wate~.

For small recirculating flows (less than 15 gpm), holding tanks
were used for recycling cooling water. A holding tank system
consists of a steel tank, 61 meters (200 feet) of piping, and a
recirculation pump. The capacity of the holding tank is based on
the cooling requirements of the water to be cooled. Calculation
of the 2tank volume ~s based on a surface area requirement of
0.025 m /lph (60 ft /gpm) of recirculated flow and
constant relative tank dimensions. .

Capital costs for the holding tank system include purchased
equipment cast, delivery and installation. The annual costs are
attributable to the operation of the pump only (i.e., annual
costs for tank and piping ~re assumed to be negligible).

Capital and annual costs for cooling towers and tanks are
presented in 'Figure VIII-7.

Holding Tanks-Recycle

A holding tank is used to recycle water back to a process.
Holding tanks are usually used when the recycled water need not
be cooled. The equipment used to determine capital costs are a
tank, pump, and recycle piping. Fiberglass tanks were used for
capacities of 24,000 gallons or less; steel tanks for larger
capacities. Annual costs are associated only with the pump. The
tank capital cost is estimated on the basis of required volume.
Required tank volume is calculated on the basis of influent flow
rate, 20 percent excess capacity, and four-hour retention time.
The influent flow and the degree of recycle were derived from the
assumptions outlined in Table VIII-I3.

Cost curves for direct capital and annual costs are presented in
Figure VIII-8.
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Flow Equaliz~tion

Flow equalization is accomplished through equalization tanks
which are sized based on a retention time of 8 or 16 hours and an
excess capacity factor of 1.2. Fiberglass tanks were used for
capacities of 24,000 gallons or less; steel tanks for larger
capacities. A retention time of 16 hours was assumed only when
the equalization tank preceded a chemical precipitation system
with "low flow" mode, and the operating hours were greater than
or equal to 16 hours per day. In this case, the additional
retention time is required to hold wastewater during batch
treatment, since treatment is assumed to require 16 hours and
only one reaction tank is included in the "low flow" batch mode.
Cost data were available for steel equalization tank·up to a
capacity of 1,893,000 liters (500,00Q gallons); multi~le units
were required for volumes greater than 1,893,000 liters (500,000
gallons). The tanks are fitted with agitators with a horsepower
requirement of 0.006 kW/l,OOO liters (0.03 hp/l,OOO gallons) of
capacity to prevent sedimentation. An influent transfer pump is
also, included in the equalization system.

Annual costs· include electricity costs for the agitator and pump
and 5 percent pf. the installed tank cost for maintenance.

Cost curves for capital and annual costs are presented in Figure
VIII-9, for equalization at 8 hours and 16 hQurs retention time.

Cyanide Precipitation and Gravity Settling

Cyanide precipitation is a two-stage process to remove complexed
and uncomplexed cyanide as a precipitate. In the first step, the
wastewater is contacted with an excess of FeS04.7H20 at
pH 9.0 to ensure that all cyanide is converted to the complexed
form:

The hexacyanoferrate is then routed to the second stage, where
additional FeS04.7H20 and acid are added. In this stage,
the pH is lowered to 4.0 or less, causing the precipitation of
Fe3(Fe(CN)6)2 (Turnbull's blue) and its analogues:

3FeS04~7H20 + 2Fe(CN)6 3 ->

The blue precipitate is settled and the overflow is discharged
for further treatment.

Since the complexation step adjusts the pH to 9, metal' hydroxides
will precipitate. These hydroxides may either be settled and
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removed at pH 9 or resolubilized at pH 4 in the ttna!,
precipitation step and removed later in a downstream chemical
precipitation unit. Advantages of preliminary removal of the
metal hydroxides include reduced acid requirements in the final
precipitation step, since the metals will resolubilize when the
pH is adjusted to 4. However, the hydroxide sludge may be
classified as hazardous due to'the presence of cyanide. In
addition, the continuous mode operation requires an additional
clarifier between the complexation and preoipitation step. These
additional costs make th~ settling of metal hydroxides
economically unattractive in the continuous mode. However, the
batch mode requires no extra equipment. Consequently, metal
hydroxide sludge removal in this case is desirable before the
precipitation step. Therefore, the batch cyanide precipitation
step settles two sludges: metal hydroxide sludge (at pH 9) and
cyanide sludge (at pH 4).

Costs were estimated for both batch and continuous systems with
the operating mode selected on a lea~t cost basis. The equipment
and assumptions used in each mode are detailed below.

Costs for the complexation step in the continuous mode are based
on the following:

(1) Ferrous sulfate feed system

ferrous sulfate steel storage' hoppers wi3h dust
cO~lectors (largest hopper size is 170 m (6,000
ft ): l~ days storage)
enclosure for storage tanks

- 'volumetric feeders (small installations)
mechanical weigh belt feeders (large installations)
dissolving tanks (s-minute detention time, 6 percent
solution) - dual-head diaphragm metering pumps
instrumentation and controls

(2) Lime feed system

hydrated lime
feeder
slurry mix tank (s-minute retention time)
feed pump
instrumentation (pH control)

(3) H2S04 feed system (used when influent pH is >9)

93 percent H2S04 delivered in bulk or in drums
acid storage tank (15 days retention) when delivered
in bulk .
metering pump (standby provided)
pipe and valves
instrumentation and controls
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(4) R,eaction tank and agi tator (fiberglass, 60-minute
retention time, 20 percent excess capacity, agitator
mount, concrete slab)

(6,) Effluent transfer pump

(7) Sludge transfer pump.

sized based on 709 lph/m2 (17.4 gph/ft 2 ), 3 percent
solids in underflow
steel or concrete, above ground - support
structure, sludge scraper, and other

. internals
center feed

Reaction tank with agitator (fiberglass, 30-minute
retention time, 20 percen~ excess capa~ity, agitator
mount, concrete slab)

Clarifier

( 1 ) FeS04 feed system - as above

( 2 ) H2 SO4 feed system - as above

( 3 ) Polymer feed system

storage hopper
chemical mix tank with agitator
chemical metering pump

( 5 )

( 4 )

(1) Ferrous sulfate feed system

stoichiometry of 1 mole FeS04.7H20 to 6 moles CN­
1.5 times stoichiometric dosage to drive reaction to
completion
operating labor at lO min/feeder/shift
maintenance labor at 8 hrs/yr fot· liquid metering
pumps
power based on agitators, metering pumps'
maintenance materials at 3 percent .of capital cost

(5) Effluent transfer pump.

Costs for the second step (predipitation) in the continuous mode
are based on the following equipment:

Operation and maintenance costs for continuous mode cyanide
precipitation include labor requirements to operate and maintain
the system, e~ectric power for mixers, pumps, clarifier and
controls, and treatment chemicals. Electrical requirements are
also included for the chemical storage enclosures for lighting
and ventilation and in the case of caustic storage, heating. The
following assumptions are used in establishing O&M costs for the
complexation step in the continuous mode:



chemical cost (sewage grade) at $0.1268 per kg
($0.0575 per lb)

(2) Lime feed system

dosage based on pH ~nd metals content to raise pH to
9
operating and maintenance labo* requirements are
based on 20 min/day; in addition, 8 hrs/7,260 kg (8
hrs/16,000 lbs) are assumed for delivery of hydrated
lime
maintenance materials cost is estimated as 3 percent
of the purchased equipment cost
chemical cost of lime is based on $0.0474/kg
($0.0215 per lb) for hydrated lime delivered in bags

(3) Acid feed system (if required)

dosage based on pH and metals to bring pH to 9
labor unloading - 0.25 hr/drum acid
labor operation - 15 min/day
annual maintenance - 8 hrs
power (includes metering pump)
maintenance materials - 3 percent of capital cost
chemical cost at $0.082 per kg ($0.037 per lb)

(4) Reaction tank with agitator

maintenance materials
tank: 2 percent of tank capital cost

. pump: 5 percent of pump capital cost
power based on agitator (70 percent efficiency) at
0.099 kW/l,OOO liters (0.5 hp/l,OOO gallons) of tank
volume

(5) Pump

operating labor at 0.04 hr/operating day
maintenance labor at 0.005 hr/operating hour
maintenance materials at 5 percent of capital cost
power based on pump hp.

The following assumptions were used for the continuous mode
precipitation step:

(1) Ferrous sulfate feed system

stoichiometric dosage based on 3 moles FeS04.7H20 to
2 moles of iron-complexed cyanide (Fe(CN)6-)
total dosage is 10 times stoichiometric dosage based
on data from an Agency treatability study
other assumptions as above
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- ,see assumptions above

see assumptions above

(5) Clarifier

both
for
on
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from bags
added manually to reaction tank

dosage based on pH adjustment to 4 and resolubiliza­
tion of the metal hydroxides from the complexation
step
other assumptions as above

sized on underflow from clarifier
operation and maintenance laboi varies with flow
rate -
maintenance materials - varies from 7 percent to 10
percent of capital cost depending on flow rate.

(2) H2S04 feed system

(3) Polymer feed system

2 'mg/l dosage
operation labor at 134 hrs/yr, maintenance labor at
32 hrs/yr
maintenance materials at 3 percent of the capital
cost
power at 17,300 kW/yr
chemical cost at $4.96/kg ($2.25/lb)

(4) Reaction tank with agitator

maintenance materials range from 0.8 percent trr 2
percent as a function of increasing size
labor - 150 to 500 hrs/yr (depending on size)
power - based on horsepower requirements for sludge
.pumping and sludge scraper drive unit

(6) Effluent transfer pump

(7) Sludge pump

(1) Ferrous sulfate addition

The batch mode cyanide precipitation step accomplishes
complexation and precipitation in the same vessel. Costs
batch mode cyanide complexation and precipitation are based
the following equipment:



(2) Lime addition

from bags
added manually to reaction tank

(3) H2S04 addition

from 208 liter (55 gallon) d~ums
stainless steel valve to control flow

(4) Reaction tank a~ agitator (fiberglass, 8.5 hours
minimum retention time, 20 percent, excess capacity,
agitator mount, concrete slab)

{5} Effluent transfer pump

(6) Sludge pump.

Operation and maintenance costs for batch mode cyanide
complexation and precipitation include costs for the labor
required to operate and maintain the equipment; electrical power
for agitators, pumps, and controls; and chemicals. The
assumptions used in estimating costs are as follows:

(I) Ferrous sulfate addition

stoichiometric dosage
--complexation: 1 mole FeS04.7H20 per 6 moles CN-
--precipitation: 3 moles FeS04.7H20 per, 2 moles of

the iron cyanide complex (Fe(CN}6}2
actual dos~ge in excess of stoichiometric
--complexation: 1.5 times stoichiometric dosage

added
--precipitation: 10 times stoichiometric dosage

. added .
operating labor at 0.25 hr/batch
chemical cost {sewage ,grade} at $0.1268/kg
{$0.0575/lb}
no maintenance labor or materials, or power costs

(2) Lime addition

dosage based on pH and metals content to raise pH to
9
operating labor at 0.25 hr/batch
chemical cost at $0.0474/kg ($0.0215/lb)
no maintenance labor or materials, or power costs

dosage based on pH and metals content to lower pH to
9 {for'complexation if required} and/or to lower pH
to 4 {for precipitation}
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operating labor at 0.25 hr/batch
chemical cost at $0.082/kg ($0.037/lb)
no maintenance labor or materials, or power costs

(4) Reaction tank with agitator

maintenance materials
--tank: 2 percent of tank capital cost
-~pump: 5 percent of pump capital cost
power based on agitator (70 percent efficiency) at
0.099 kW/l,OOO liters (0.5 hp/l,OOO gallons) of tank
volume

(5) Effluent transfer pump

operating labor at 0.04 hr/operating day
maintenance labor at 0.005 hr/operating day
maintenance materials at 5 percent of capital cost
power based on pump hp

(6) Sludge pump

operation and maintenance costs vary with flow rate
maintenance materials costs vary from 7 to 10
percent of capital cost depending on flow rate.

Capital and annual costs for continuous and batch mode cyanide
precipitation are presented in Figure VIII-lO.

At plants ~here the total flow requiring cyanide treatment i~
low, cyanide precipitation and settling may be accomplished in
the same unit as chemical precipitation and settling. This is
called combined treatment and is discussed later in this section.

Chromium Reduction

Chromium reduction refers to the reduction of hexavalent chromium
to the trivalent form. Chromium in the hexavalent state will not
precipitate as a hydroxide; it must first be reduced to trivalent
chromium. For large flows (greater than 2,000 l/hr) which
undergo continuous treatment, the waste stream is treated by
addition of acid (to lower pH to 2.5) and gaseous sulfur dioxide
(502) dissolved in water in an agitated reaction vessel. The
802 is oxidized to sulfate (804) while it reduces the
chromium. For smaller flows (less than 2,000 l/hr), for which
batch treatment is more appropriate, the waste stream is treated
by manual addition of sodium metabisulfite in the same reaction
vessel used for chemical precipitation. The chemistry of this
operation is similar to that for 802 addition. This is
referred to as combined treatment, and is discussed more fully
later in this section.

The equipment required for the continuous stream includes a,
802 feed system (sulfonator), a H2804 fe'ed system, an
acid'resistant reactor vessel and agitator, and, a stainless steel'
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The necessary iron salt dosage has been determined empirically as
approximately a 10:1 weight ratio of iron to the summed mass of

Figure VIII-II presents capital and annual costs for a continuous
chromium reduction system and capital costs for the batch system.
Annual costs for the batch system are presented in Table VIII-II.

Iron Co-Precipitation

A

reaction pH is 2.5 and the S02 dosage is a
the influent loading of hexavalent chromium.

sulfonator is used to meter S02 to the reaction
mixer velocity gradient is 100/sec.

(1) S02 feed system

pump. The
function of
conventional
vessel. The

Annual costs are as follows:

S02 cost at $0.55/kg ($0.25/lb)
operation and maintenance labor requirements vary
from 437 hrs/yr at 4.5 kg S02/day (10 lbs
S02/day) to 5,440 hrs/yr at 4,540 kg
S02/day (10,000 lbs S02/day)
energy requirements vary from 570 kW/yr at 4.5 kg
S02/day (10 lbs S02/day) to 31,000 kW/yr at
4,540 kg S02/day (10,000 lbs S02/day)

(2) H2S04 feed system

operating and maintenance labor at 72 hrs/yr at 37.8
lpd (10 gpd) .of 93 percent H2S04 to 200 hrs/yr at
3,780 lpd (1,000 gpd), of 93 percent H2S04
maintenance materials at 3 percent of the equipment
cost
energy requirements for metering pump and storage
heating and lighting

(3) Reactor vessel and agitator

.operation and maintenance labor at 120 hrs/yr
electrical requirements for agitator.

For batch treatment of hexavalent chromium with sodium
metabisulfite, no equipment in addition to that required for
chemical precipitation is assumed to be necessary. Annual costs
are based on 1/2 hour of labor per batch for chemical addition
and testing.

Molybdenum is effectively precipitated by addition of high
excesses of iron salts at low pH. Although the precipitation
chemistry and precise iron-molybdenum compounds formed are not
well understood, complexation and physical adsorption onto
settling iron hydroxide £loc have both been postUlated as
mechanisms for molybdenum removal. This technology 'is described
in more detail in Section VII.



molybdenum To alleviate scaling problems, FeCl3 is selected
over Fe2(S04)3 as the iron source. The pH for
optimum precipitation is 4.0. 'Hydrochlhric acid is addeq. as the
acid source. Removal of c, the insoluble precipitates is
accomplished during chemical precipitation and sedimentation.

Capital and operating costs have been estimated for both
continuous, batch and low flow operating modes. However, for the
nonferrous metals forming industry, all plants requiring iron co­
precipitation generated flows in the batch and low flow treatment
ranges. Assumptions for cost estimation of the batch FeC13
feed system are as follows:

Capital

o Flow between 100 l/hr and 10,500 l/hr

o Influent molybdenum concentration is assumed as 150 mg/l

o FeCl3 (40 weight percent solution) is added at 10:1 iron
to molybdenum ratio

o FeC13 ~torage hopper: 2-week supply

o Mix tank of 8 hrs retention, 20 percent excess, 50 gal
minimum

o Agitator at 0.5 hp/l,OOO gal, 0.25 hp minimum

o Pump at 3 gpm feed

Annual

o Operating labor at 0.75 hour/batch
o Maintenance labor at 1 hour/week
o Batch is 8 hrs of flow
o FeC13 (sewage grade) at $174/ton

Assumptions for the low flow FeC13 feed system include:

Capital

o Flow less than 2,200 l/hr

o Manual addition of FeC13 from bags (hopper included at
$2,360 for flows greater than 500 l/hr)

o 10,000 gallons of wastewater accumulated prior to treat­
ment

Annual

o 10,000 gallons of wastewater accumulated prior to treat­
ment
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o Operating labor and maintenance labor are calculated by
0.25 hr/batch + 0.0025 hr/lb FeC13

o FeC13 cost is $0.2l/lb for flow < 500 l/hr; $0.087/lb for
flows > 500 l/hr

Assumptions for the batch and low flow pH, adjustment system are
as follows:

Capital

o Manual addition from drum
o $250 capital cost for acid valve
o Dosage based on 100 mg CaC03/l alkalinity

Annual

o 0.25 hr/batch for operation labor
o 1 hr/7 batches for maintenance labor
o HCl (220 Baume) is $85/ton .

The sludge generation .from iron co-preci.pitation is
sludge/l of influent flow from molybdenum-containing
(0.0075 1 sludge/l influent for dewatered sludge). This
is in addition to the sludge ratios presented earlier.

Capital' costs for iron co-precipitation are presented in Figure
VIII-12, while annual costs are pres~ntedin Figure VIII-13.

Chemical Emulsion Breaking

Chemical emulsion breaking involves the separation of relatively
stable oil-water mixtures by chemical addition. Alum, polymer,
and sulfuric acid are commonly used to destabilize oil-water
mixtures. In the determination of capital and annual costs based
on continuous operation, 400 mg/l of alum and 2 mg/l of polymer
are added to waste streams containing emulsified oil. In the
continuous system, no sulfuric acid is required. The equipment
included in the capital and annual costs for continuous chemical.
emulsion breaking are as follows:

(1) Alum and polymer feed systems

storage units
dilution tanks
conveyors and chemical feed lines
chemical feed pumps

(2) Rapid mix tank (retention time of 15 minutes; mixer
velocity gradient is 300/sec, 20 percent excess capac­
ity)

(3) Flocculation tank (retention time of 45 minutes; mixer
velocity gradient is 100/sec, 20 percent excess capac­
ity)
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(4) Pump.

Following the flocculation tank, the destabilized oil-water
mixture is routed to oil skimming.

In the determination of capital and annual costs based on batch
operation, sulfuric acid is added to waste streams containing
emulsified oil until a pH of 3 is reached. No alum or polymer is
required. The following equipment is included in the determina­
tion of capit~l and annual costs based on batch operation:

(1) Sulfuric acid feed systems

storage tanks or drums
chemical feed lines
chemical feed pumps

(2) Two. tanks equipped with agitators (retention time of 8
hrs, mixer velocity gradient is 300/sec, 20 percent
excess capacity) .

( 3 ) Two belt oil skimmers

( 4) Two waste oil pumps

( 5 ) Two effluent water pumps

( 6 ) One waste oil storage tank (sized to retain the waste
oil from eight batches, 20 percent excess capacity) .

The capital and annual costs for continuous and batch chemical
emulsion breaking were determined by summing the costs from the
above equipment. Alum, polymer, and sulfuric acid costs were
assumed to be $0.257 per kg ($0.118 per pound), $4.95 per kg
($2.25 per pound), and $0.08 per kg of 93 percent acid ($0.037
per pound of 93 percent acid), respectively.

Operation and maintenance and energy costs for the different
types of equipment which comprise the batch and continuous
systems were drawn from various literature sources and are
included in the annual costs.

The cutoff flow for determining the operation mode (batch or
continuous) is 1,000 liters per hour (264 gal/hr), above which
the continuous system is costed; at lower flows, the batch system
is costed.

For annual influent flows to the chemical emulsion breaking
system of 92,100 liters/year (24,000 gallons/year) or less, it is
more economical to directly contract haul rather than treat the
waste stream. The breakpoint flow is based on a total annualized
cost comparison and a contract hauling rate of $0~40/gallon (no
credit was given for oil resale).
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following
the steam

Capital and annual costs for chemical emulsion breaking are
presented in Figure VllI-l4o

Ammonia Steam Stripping

Ammonia removal using steam is a proven technology that is in use
in many industries. Ammonia is 'more volatile than water and may
be removed using steam to raise the temperature and preferen­
tially evaporate the ammonia. This process is most economically
done in a plate or packed tower, where the method of contacting
the liquid and vapor phases reduces the steam requirement.

The pH of the influent wastewater is raised to approximately 12
by the addition of lime to convert almost all of the ammonia
present to molecular ammonia (NH3). The water is preheated
before it is sent to the column. This process takes place by
indirectly contacting the influent with the column effluent and
with the gaseous product via heat exchangers. The water enters
the top of the column and travels downward. The steam is
injected at the bottom and rises through the column, contacting
the water in a countercurrent fashion. The source of the steam
may be either boiled w~stewater or another steam generation
system, such as the plant boiler system.

The presence of solids in the wastewater, both those present in
the influent and those which may be generated by adjusting the pH
(such as metal hydroxides), necessitates periodic cleaning of the
column. This requires an acid clean~ng system and a surge tank
to hold wastewater while the column is being cleaned. The column
is assumed to require cleaning approximately once per week based
on the demonstrated long-term cleaning requirements of an ammonia
stripping eacility. The volume of cleaning solution used per
cleaning operation is assumed to be equal to the total volume of
the empty column (i.e., without packing).

For the estimation of capital and annual costs, the
pieces of equipment were included in the design of
stripper:

(1) Packed tower

3-inch Rashig rings
hydraulic loading rate = 2 gpm/ft 2
height equivalent to a theoretical plate = 3 ft

(2) pH adjustment system

lime feed system (continuous) - see chemical precip­
itation section for discussion
rapid mix tank, fiberglass (S-minute retention time)
agitator (velocity g~adient is 300 ft/sec/ft)
control system
pump

(3) Heat exchangers (stainless steel)
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Oil-Water Separation

The capital and annual costs of oil-water separation include the
following equipment:

0.85
68
10.0

Design ValueParameter

Specific gravity of oil
Operating temperature (OF)
Effluent oil concentration (mg/l)

(4) Reboi1er (gas-fired)

(5) Acid cleaning system

batch tank, fiberglass
agitator (velocity qradient is 60/sec)
metering pump

(6) Surge tank (8-hour retention time).

Oil skimming costs apply to the removal of free (non-emulsified)
oil using ei~her a coalescent plate oil-water separator or a belt
skimmer located on the equalization tank. The latter is applica­
ble to low oil removal rates (less than 189 liters per day')
whereas the coalescent plate separator is used for oil removal
rates greater than 189 liters/day (50 gpd).

Although the required coalescent plate separator capacity is
dependent on many factors, the sizing was based primarily on the
influent wastewater flow rate, with the following design values
assumed for the remaining parameters of importance:

The direct capital cost of the lime feed system was based on the
chemical feed rate as noted in the discussion on chemical precip­
itation. Sulfuric acid used in the acid cleaning system was
assumed to be added manually, requiring no special equipment.
Other equipment costs were direct or indirect functions of the
influent flow rate. Direct annual costs include operation and
maintenance labor for the lime feed system, heat excharigers and
reboi1er; the cost of lime and sulfuric acid, maintenance materi­
als, energy, costs required to run the agitators and pumps~ and
natural gas costs to operate the reboiler. The cost of natural
gas is $6.70/1,000 scf. The total direct capital and annual
costs are presented in Figure VIII-15.

Extreme operating conditions, such as influent oil concentrations
greater than 30,000 mg/l, or temperatures much lower than 20C
(68F) were accounted for in the sizing of the separator.
Additional capacity for such extreme conditions was provided
using correlations developed from actual oil separator
performance data.



Coalescent plate separator with aJt~matic shutoff valve
and level sensor
Oily waste storage tanks (2-week retention time)
Oily waste discharge pump
Effluent discharge pump

Influent flow rates up to 159,100 l/hr (700 gpm) are treated in a
single unit; flows greater than this require mUltiple units.

The direct annual costs for oil-water separation include the cost
of operating and maintenance labor and replacement parts. Annual
costs for the coalescent plate separators alone are minimal and
involve only periodic cleaning and replacement of the plates.

If the amount of oil discharged is 189 liters/day (50 gpd) or
less, it is more economical to use a belt skimmer rather than a
coalescent plate separator. This belt skimmer may be attached to
the equalization basin which is usually necessary to. equalize
flow surges. The belt skimmer-equalization basin configuration
is assumed to achieve 10 mg/1 oil in. the effluent.

The equipment included in the belt oil skimmer and associated
design parameters and assumptions are presented below.

(1) Belt oil skimmer

12-inch width
6-foot length

(2) Oily waste storage tank

2-week storage
fiberglass

Capital costs for belt skimmers were obtained from published
vendor quotes. Annual costs were estimated from the energy and
operation and maintenance requirements. Energy requirements are
calculated from the skimmer motor horsepower. Operating labor is
assumed constant at 26 hours per year. Maintenance labor is
assumed to require 24 labor hours per year pnd belt replacement
once a year. C

Capital and annual costs for oil-water separation are $2,600 and
$1,300, respectively, based on these assumptions.

Chemical Precipitation and Gravity Settling

Chemical precipitation using lime or caustic followed by gravity
settling is a fundamental technology for metals removal. In
practice, quicklime (CaO), hydrated lime (Ca(OH)2)' or
caustic (NaOH) can be used to precipitate toxic and other metals.
Where lime is selected, hydrated lime is generally more
economical for low lime requirements since the use of slakers,
which are necessary for quicklime usage, is practical only for
large volume applications of lime (greater than 50 1bs/hr). The
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chemical pr~cipitant used for compliance costs estimation depends
on a variety of factors and the subcategory being considered.

Lime or caustic is used toadiust the pH of the influent waste
stream to a value of approximately 9, at which optimum overall
precipitation of the metals as metal hydroxides is assumed to
occur. The chemical precipitant dosage is calculated as a
theoretical stoichiometric requirement based on the pH and the
influent metals concentrations. In addition, particular waste
streams may contain significant amounts of fluoride. The
fluoride will form calcium fluoride (CaF2) when combined with
free calcium ions which are present if lime is used as the
chemical precipitant. The additional sludge due to calcium
fluoride formation is included in the sludge . generation
calculations. In cases where the calcium consumed by calcium
fluoride formation exceeds the calcium level resulting from
dosing for pH adjustment and metal hydroxide formation, the
additional lime needed to consume the remaining fluoride is
included in the total theoretical dosage calculation. The total
chemical dosage requirement is obtained by assuming an excess of
10 percent. of the theoretical dosage. The effluent
concentrations are generally based on the Agency's combined
metals data base treatment effectiveness values for chemical
precipitation technology described in Section VII.

The costs of chemical precipitation and gravity settling are
based on one of three operating modes, depending on the influent
flow: continuous, "normal" batch, or "low flow" batch. The use
of a particular mode for cost estimation purposes is determined
on a least cost (total annualized) basis. The economic· break­
point between continuous and normal batch was estimated to be
10,600 l/hr (46.7 gpm). Below 2,200 l/hr, it was found that the
low flow batch was the most economical. The direct capital and
annual costs are presented in Figure VIII-16 for ,all three
operating modes.

Continuous Mode. For continuous operation, the following
equipment is included in the determination of capital and annual
costs:

(1) Chemical precipitant feed system (continuous)

lime
--bags (for hydrated lime) or storage units (30-day

storage capacity) for quicklime
--slurry mix tank (S-minute retention time) or

slaker
--feed pumps (for hydrated lime slurry) or gravity

feed (for quicklime slurry)
--instrumentation (pH control)
caustic
--day tanks (2) with mixers and feeders for feed

rates less than 200 Ibs/day; fiberglass tank with
IS-day storage capacity .otherwise

--chemical metering pumps
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--pipe and valves
--instrumentation (pH control)

(2) Polymer feed system

storage hopper
chemical mix tank with agitator
chemical metering pump

(3) Reaction system

rapid mix tank, fiberglass (5-minute retention time)
agitator (velocity gradient is 300 ft/sec/ft)
instrumentation and control

(4) Gravity settling system

clarif~er, circular, steel (overflow rate is 560
gpd/ft ; underflow solids is 3 percent)

(5) Sludge pump

Ten percent of the clarifier underflow stream is recycled to the
pH adjustment tank to serve as seed material for the incoming
waste stream.

The direct capital costs of the chemical precipitant and polymer
feed are based on the respective fe~d rates (dry lbs/hr), which
are dependent on the influent waste stream characteristics. The
flexibility of this feature (i.e., costs are independent of other
module components) was previously noted in the description of the
cost estimat'ion model. The remaining equipment costs (e.g., for
tanks, agitators, pumps) were developed as a function of the
influent flow (either directly or indirectly, when coupled with
the design assumptions).

Direct annual costs for the continuous system are based on the
following assumptions:

(1) Lime feed system

operating and maintenance labor requirements are
based on 3 hrs/day for the quicklime feed system and
20 min/day for the hydrated lime feed system; in
addition, 5 hrs/50,000 lbs are required for bulk
delivery of quicklime and 8 hrs/l6,000 lbs are
assumed for delivery of hydrated lime
maintenance materials cost is estimated as 3 percent
of the purchased equipment cost
chemical cost of lime is based on $47.40/kkg
($43.00/ton) for hydrated lime delivered in bags and
$34.50/kkg ($3l.30/ton) for quicklime delivered on a
bulk basis (these costs were obtained from the
Chemical Marketing Reporter)
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(2) Caustic feed system

labor fo~ unloading of dry NaOH requires 8 ho~rs/

16,000 Ibs delivered; liquid 5~ percent NaOH
requires 5 hours/50,000 Ibs
operating labor for dry NaOH feeders is 10 min/day/
feeder ..
operating labor for metering pump is 15~~in/day

maintenance materials cost is assumed to be 3
percent of the purchased equipment cost
maintenance labor requires 8 hours/year
energy cost is based on the horsepowe~ requirements
for the feed pumps and mixers; energy requirements
generally represent less than 5 percent .Qf the total
annual costs for the caustic feed system·
chemical cost is $0.183 per Ib

(3) Polymer feed system

polymer requirements are based on a dosage of 2 mg/l
the operating labor is assumed to be 134 hrs/yr,
which includes delivery and solution .preparation
requ.irements; maintenance labor is estimated at 32
hrs/yr
energy costs for the feed pump and mixer are based
on 17,300 kW-hr/yr .
chemical cost for polymer is based on $5.00/kkg
($2.25/1b)

(4) Reaction system

operating and maintenance labor requirements are 120
hrs/yr .
pumps are assumed to require .0.005 hrs of, mainte­
nance/operating hr (for flows less than 100 gpm) or
0.01 hrs/operating hr (flows greater than 100 gpm).,
in addition to 0.05 hrs/operating day for pump
operation
maintenance materials costs are estimated as 5
percent of the purchased equipment cost
energy costs are based on the power requirements for
the pump (function of flow) and agitator (0.06
hp/l,OOO gal); an agitator efficiency of 70 percent.
was assumed ..

(5) Gravity settling system

annual operating and maintenance-labor requirements
range fr~m 150 hrs for the minimum size clarifier
(390 ft) to 500 hrs for a clarifier of 30,000
ft ; in addition, labor hours for operation and
maintenance of the sludge pumps were assumed to range
from 55 to 420 hrs/yr, depending on the· pump capacity
(10 to 1,500 gpm)
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maintenance material costs are estimated as 3
percent of the purchased equipment cost
energy costs are based on power requirements for the
sludge pump and rake mechanism.

Normal Batch Mode. The normal batch treatment system, which is
used for flows between 2,200 and 10,600 l/yr, consists of the
following equipment:

(1) Chemical precipitant feed system

lime (batch)
--slurry tank (5-minute retention time)
--agitator
--feed pump ,
caustic (batch)
--fiberglass tank (I-week storage)
--chemical metering pump

(2) Polymer feed system (batch)

chemical mix tank '(5-day retention time)
agitator
chemical metering pump

(3) Reaction system

reaction tanks (minimum ~f 2) (a-hour retention time
each)
agitators (2) (velocity gradient is 300 ft/sec/ft)
pH control system

The reaction tanks used for pH adjustment are sized to hold the
wastewater volume accumulated for one batch period (assumed to be
a hours). The tanks are arranged in a parallel setup to allow
treatment in one tank while wastewater is accumulated in the
other tank. A separate gravity settler is not necessary since
settling can occur 'in the reaction tank after precipitation has
taken place. The settled' sludge is then pumped to the dewatering
stage if necessary. .

Direct annual costs for the normal batch treatment system are
based on the following assumptions:

(1) Lime feed system (batch)

operating labor requirements range from 15 to 60
min/batch, depending on the. feed rate (5 to 1,000
lbs of hydrated lime/batch)
maintenance labor is assumed to be constant at 52
hrs/yr (1 hr/week)
energy costs for the agitator and feed pump are
assumed to be negligible
chemical costs are based on the use of hydrated lime
(see continuous feed system assumptions)
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(2) Caustic feed system (batch)

operating labor requirements are based on 30 mini
metering pump/shift
maintenance labor requirements are 16, hrs/metering
pump/year
energy costs are assumed to be negligible
chemical costs are based on the use of 50 percent
liquid caustic solution (see continuous feed system)

(3) Polymer feed system (batch)

polymer requirements are based ana dosage of 2 mg/l
operating and maintenance labor are assumed to
require 50 hrs/year
chemical cost for polymer is based on $5.00/kkg
($2.2S/lb)

(4) Reaction system

required operating labor is assumed to be 1 hr/batch
(for pH control, sampling, valve operation, etc.)
maintenance labor requirements are 52 hrs/yr
energy costs are based on power requirements for
operation of the sludge pump and agitators.

Low-Flow Batch Mode. For small influent' flows (less than 2,200
l!hr), it is more economical on a total annualized cost basis to
select tt~e "low flow" batch treatment system. The lower flows
allow an assumption of up to five days for the batch duration, or'
holding time, as opposed to eight hours for the normal 'batch
system. However, whenever the total batch volume (based on a
five-day holding time) exceeds 10,000 gallons, which is the
maximum single batch tank capacity; the holding time is decreased
accordingly to maintain the batch volume under. this level.
Capital costs for the low flow system are based on the following
equipment:

(1) 'Reaction system

reaction/holding tank (5-day or less retention time)
agitator
transfer pump

(2) polymer feed system (batch)

chemical mix tank (S-day retention time)
agitator
chemical metering pump.

The polymer feed system is included for the low flow system for
manufacturing processes operating in excess of 16 hours per day.
The addition of polymer for plants operating 16 hours, or less per
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day is assumed to be unnecessary due to the additional settling
time available.

Only one tank is required for both equalization and treatment
since sedimentation is assumed to be accomplished during nonpro­
duction hours (since the holding time is greater than the time
required for treatment). Costs 'for a chemical precipitant feed
system are not included since lime or caustic addition at low
application rates can be assumed to be done manually by the
operator. A common pump is used for transfer of both the super­
natant and sludge through an appropriate valving arrangement.

As in the normal batch case, annual costs consist mainly of labor
costs for the low flow system and are based on the following
assumptions:

(1) Reaction system

operating labor is assumed to be constant at 1
hr/batch (for pH control, sampling, filling, etc.);
additional labor is also required for the manual
addition of lime or caustic, ranging from 15 minutes
to 1.5 hrs/batch depending on the feed requirement
(1 to 500 Ibs/batch)
maintenance labor is 52 hrs/year (1 hr/week)
energy costs are based on power requirements associ­
ated with the agitator and pump
chemical costs are based,on the use of hydrated lime
or liquid caustic (50 percent)

(2) Polymer feed system (batch)

see assumptions for normal batch treatment.

Combined Treatment

For small treatment systems (i.e., flow is less than 2,200. l/hr)
where one or more pretreatment steps is required (e.g., cyanide
precipitation or chromium reduction), significant cost sav~ngs

can be realized by using a single reactor vessel and multiple
treatment steps versus treatment in several separate tanks. For
the nonferrous metals forming industry, this combined treatment
approach was used, where applicable, in the precious metals
forming and iron, copper and aluminum metal powders subcatego­
ries.

The treatment steps that may be performed in combined treatment
include chemical emulsion breaking, oil-water separation, cyanide
precipitation, chromium reduction, and chemical precipitation and
settling. Only those steps specifically required by the waste
streams at the plant are included in the design.

The design basis for combined treatment begins with the chemical
precipitation unit. This unit is designed to hold wastewater
from the plant for a period up to five days, based on the optimal
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(2) Batch reactor tank annual costs are recalculated as
follows:

(1) Annual costs for chemical addition are adjusted by the
number of days of holdup

The design bases such as dosages and feed equipment are identical
to those presented in the respective treatment discussions for
batch operation, with the following exceptions:

Cost Items

Batch reactor tank
Lime addition
Pump .,.
Agitator'
Polymer feed system

FeS04 feed system
H2S04 feed s~stem

Na2S20S feed system
H2S04 feed system (if cyanide

precipitation is not
present) .
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Treatment Step

Chemical Precipitation

Cyanide Precipitation

Chromium Reduction

The equipment that may be used in combined treatment includes:

(1) Manual lime or caustic addition
(2), Bat6h reactor tank .
(3) Pump
(4) Agitator
(5) Polymer feed system (if required)
(6) FeS04 feed system (if required)
(7) H2S04 ,feed system (i£ required)
(8) Na2S205 feed system (if required)
(9)' Belt skimmer (if required).

cost of capital equipment and operating costs. The total reten­
tion time required is calculated by' summing the individual
retention times associated with each treatment step. The tank
size is then calculated based on the latger of either the holdup
time or the total retention time.

one hour/batch for operating labor for each treat­
ment step except chromium reduction, where 0.5
hour/batch is used
52 hours/year total maintenance

(3) The chemical feed rates for identical chemicals
required in separate treatment steps aie' additive.

The capital and annual costs calculated by combined treatment are
apportioned to each treatment step as follows:
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The underflow from the clarifier at 3 percent solids is routed to
a rotary precoat vacuum filter, which dewaters sludge to a cake
of 20 percent dry solids. The dewatered sludge is disposed of by
contract hauling and the filtrate is recycled to the chemical
precipitation step.

Cost curves for direct capital and annual costs are presented in
Figures VIII-17 and VIII-18, for 'vacuum filtration. Two cost
curves are presented, one for stainless steel filter systems and
one for carbon steel filter systems. The stainless steel filter
and appurtenances are used for sludges from cyanide

Belt skimme.r
H2S04 feed system (if cyanide

precipitation or chromium
reduction is not present)

Chemical Emulsion Breaking

Vacuum Filtration

The capacity of the vacuum filter, expressed as square feet of
filtration area, is based on a yield of 14.6 k~ of dry solids/hr
per square meter of filter area (3 lbs/hr/ft), a solids
capture of 95 percent and an excess capacity of 30 percent. It
was assumed that the filter was operated eight hours/operating
day.

Cost d~ta were compile9 for v~cuum filters ranging from. 0.9 to
69.7 m (9.4 to 750 ft ) 'of f~lter surface area. Based
on a total annualized cost comparison, it was assumed that it was
more economical to directly contract haul clarifier underflow
streams which were less than 50 l/hr (0.23 gpm), rather than
dewater by vacuum filtration before hauling.

The costs for the vacuum filtration system include the following
equipment:

(1) Vacuum filter with precoat but no sludge conditioning
(2) Housing
(3) "Influent transfer. pump
(4) Slurry holding tank
(5) Slupge pumps.

The vacuum filter is sized based on 8 hrs/day operation. The
slurry holding tank and pump are excluded when the. treatment
system operates 8 hrs/day or less. It was assumed in this case
that the underflow from the clarifier directly enters the vacuum
filter and that holding tank volume for the slurry in addition to
the clarifier holding capacity was unnecessary. For cases where
the treatment system is operated for more than 8 hrs/day, the
under-flow is stored during vacuum filter non-operating hours.
Accordingly, the filter is sized to filter the stored slurry in
an 8 hour period each day. The holding tank capacity is based on
the difference between the plant and vacuum filter operating
hours plus an excess capacity of 20 percent.



preclpitatLon, carbon steel· fiiters for all other sludges.
Annual cost for both designs are presented in Figure VIII-19.

The following assumptions were made for developing capital and
annual costs:

(1) Annual costs associated with the vacuum filter were
developed based on continuous operation (24 hrs/day,
365 days/year). These costs were adjusted for a
plant's individual operating schedule by assuming that
annual costs are proportional to the hours the vacuum
filter actually operates. Thus, annual costs were
adjusted by the ratio of actual vacuum filter operating
hours per year (8 hrs/day x number days/year) to the
number of hours in continuous operation (8,760 hrs/
year).

(2) Annual vacuum filter costs include operating and
maintenance labor (ranging from 200 to 3,000 hrs/year
as a function of filter si?e), maintenance materials
(generally less than 5 percent of capital cost), and
energy requirements (mainly for the vacuum pumps).

(3) Enclosure costs for vacu~m filtrati~n were based on
applying rates of $45/ft and $5/ft /year for capital
and annual costs, respectively to' the estimated floor
area required by the vacuum filter system. The capital
cost rate for enclosure is the standard value as
discussed below in the costs for enclosures discussion.
The annual cost rate accounts for electrical energy .
requirements for the filter housing. Floor area for
the enclosure is based on equipment dimen~ions reported
in vendor literature, rangi9g from 300 ft for the
minimum size filter (9.4 ft ) t~ 1,400 ft 2 for a vacuum
filtration capacity of 1,320 ft •

Multimedia Filtration

Multimedia filtration is used as a wastewater treatment polishing
device to remove suspended solids not removed in previous treat­
ment processes. The filter beds consist of graded layers of
coarse anthracite coal and fine sand. The equipment used to
determine capital and annual costs are as follows:

(1) Gravity flow, vertical steel cylindrical filters with
media (anthracite and sand)

(2) Influent storage tank sized for one backwash volume

(3) Backwash tank sized for one backwash volume

(4) Backwash pump to provide necessary flow and head for
backwash operations

air scour system
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the Agency's
pollutants by

(5) Influent transfer pump

piping, valves, and a o~ ·~rol system.

The hydraulic loading rate is 7,335 lph/m2 (180 gPh/~t2)
and ~he backwash loading rate is 29,340 lph/m (720
gph/ft). The filter is backwashed once per 24 hours for 10
minutes. The backwash volume is provided from the stored
filtrate.

Effluent pollutant concentrations are based on
combined metals data base for treatability of
filtration technology.

Cartridge-type filters are used instead of multimedia filters to .
treat small flows (less than 800 liters/hour) since they are more
economical than multimedia filters at these flows (based on a
least total annualized cQst comparison). The effluent quality
achieved by these filters was equivalent to the level attained by
multimedia filters. The equipment items used to determine
capital and annual costs for membrane filtration are as follows:

(1) Influent holding tank sized for 8 hours retention

(2) pump

(3) Prefilter

prefilter cartridges
prefilter housings

(4) Membrane filter

membrane filter cartridges
- .housing

The majority of annual cost is attributable to replacement of the
spent prefilter and membrane filter cartridges. The maximum
loading for the prefilter and membrane filter cartridges was
assumed to be 0.225 kg per 0.254 m units length of cartridge.
The annual energy and maintenance costs associated with the pump
are also included in the total annual costs. Cost curves for
direct capital and annual costs for multimedia filtration and
capital costs for cartridge filtration are presented in Figure
VIII-20. Annual costs for cartridge filtration are obtained from
Table VIII-II.

Ion Exchange

This technology is applicable to precious metals recovery and
final effluent polishing in the precious metals subcategory. It
operates by absorption of charged precious metal ions onto a
strongly anionic resin, which replaces the metal ions with
chloride or hydroxide ions. It has been found that loading of
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site work (masonry, installation7 etc.)

contract Hauling

to require
,separately
In partic­

to require

electrical and plumbing.

The rate for annual costs' of enclosures is $5/ft 2/yr which
accounts for energy requirements for heating and lighting the
enclosure.

structure (including roofing, materials, insulation,"
etc. )

Costs for enclosures were obtained by first estimating the
requ~red enclosure area and then multiplying this ~alue by the
$/ft unit cost. A capital cost of $45/ft was
estimated, based on the following:

The required enclosure area is determined as the amount of total.
required enclosure area which exceeds the enclosure area esti-

Enclosures

The costs of enclosures for equipment considered
protection from inclement weather were accounted for
from the module costs (except for vacuum filtration).
ular, chemical feed systems were generally assumed
enclosure.

Concentrated sludge and waste oils are removed on a contract
basis for off-site disposal. The cost of contract hauling
depends on the classification of the waste as being either
hazardous or nonhazardous. For nonhazardous wastes, a rate of
$O.106/liter ($O.40/gallon) was used in determining contract
hauling costs. The cost for contract hauling hazardous wastes
was developed from a survey of waste disposal services and varies
with the amount of waste hauled. No capital costs are associated
with contract hauling. "Annual cost curves for contract hauling
nonhazardous ano hazardous wastes are presented in Figure VIII­
21.

the resin to exhaustion and recovery of metals through combustion
is preferred over regeneration; separation efficiency of the
desired metals during regeneration is not usually adequate~

EPA has determined that removal of precious metal ions is achiev­
able at no net cost,' since the annual value of recovered metal
exceeds the annualized cost of column.operation. This analysis
was based on median flows and concentrations of precious metals
at a model plant. The mass of metal recovered was calculated
using a treatability value for each metal (Au, Pt, Pd) of 0.01
mg/l (0.007 mg/l for silver). The metal value was determined by
assuming 2/3 of the market price for each metal. This was
compared to the cost of operating and depreciating the ion
exchange column. .



mated to be available at a particular plant. It was assumed that
a common structure could be used to enclose all equipment needing
housing unless information was available to indicate that sepa­
rate enclosures are needed (e.g., due ~o plant layout). The
individual areas are estimated at 50 ft per feed system.
The available enclosure areas associated with each plant site
were based on experience from site visits at numerous plants.
For plant flows less than 1,100 l/hr, between 1,100 I/hr and
10,800 l/h~, and 02er 10,800 l/~r, the estimated available areas
are 150 ft , 200 ft , and 250 ft , respectively. .

The estimated available area did not exceed the required enclo­
sure area at any plant in this category.

Segregation

Estimation of costs for segregation of process wastewaters for
the nonferrous metals forming category is required by the fre­
quency of multiple subcategories and categories present at plants
covered by this regulation. Eighty-two of the approximately 150
plants for which costs were estimated for this regulatiQn are
such plants. Because tge subcategories and categories 'repre­
sented at these plants may have different arrays of regulated
pollutants, the possibility exists for mass allowances to be
incorporated into a plant's permit that are ,in fact not required
from a treatment standpoint. EPA seeks to avoid such a situation
due to its potential for allowing additional pollutants to be
discharged into the environment. As. discussed in Section X, EPA
took steps to minimize monitoring difficulties that could arise
from this situation. However, segregation of wastewater contain­
ing differen~ pollutants may be required for optimal environmen­
tal benefit. EPA does not seek to discourage combined treatment
of process wastewater where such treatment provides effective
removal of regulated pollutants.

Segregation costs, which are essentially the costs associated
with transporting wastewater from its point of generation to the
treatment system, are therefore a function of the subcategories
and categories present at the plant. In case I, which is the
most common, the nonferrous metals forming flow is a small
portion of the total process wastewater flow. The cost of
segregating the flow from each nonferrous metals forming process
at a particUlar plant was estimated by multiplying a per stream
segregation cost by the number of waste streams in each subcate­
gory that are present at the plant. These costs are then attrib­
uted to each forming subcategory.

In case II, the nonferrous metals forming wastewater is the major
wastewater flow. Here the cost is also calculated by using the
per stream cost, however, the number of wastewater streams not
associated with the major nonferrous metals forming subcategory
were used. The costs were then assigned to the major nonferrous
metals forming subcategory to reflect the cost of compliance by
the major subcategory with its effluent limitations.
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COMPLIANCE COST ESTIMATION

The per st+eam segregation costs and assumptions are listed in
Table VIII-14.

A cost summary was prepared for each plant. An example of this
summary for plants that were costed by the computer model may be
found in Table VIII-IS, page • Referring to this table, five
types of data are included for each option: run number, total
capital costs, required capital costs, total annual costs, and
required annual costs. Run number refers to which computer run
the costs were derived from.
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capital costs include the capital cost estimate for each
of wastewater treatment equipment necessary to meet mass'

Total
piece

Where a common stormwater-process wastewater piping system was
used at a plant, costs were included for both segregation of each
process waste stream to treatment (based on the above rate) and
segregation of stormwater for rerouting around the treatment
system. Stormwater segregation cost is $8,800 based on the
underground installation of 300 feet of 24-inch diameter concrete
pipe.

For the purpose of evaluating the economic impact of the nonfer­
rous metals forming regulation, the Agency estimated the compli­
ance cost for each plant on the basis of a combined wastewater
treatment system. Nonferrous metals forming plants that generate
process wastewater which is regulated by more than one nonferrous
metals forming subcategory with different model end-of-pipe
treatment requirements may be able to comply with permit require­
ments using a less costly treatment system than a system which
will treat all process wastewater to meet the most stringent
limitations.

Costs for s~gregation of wastewaters not included in this regula­
tion (e.g., noncontact cooling water) were also included in the
compliance cost estimates. The capital costs for segregating the
above s~rea~s were determined using a rate of $6,900 for each
stream requiring segregation. ~his rate is based on the purchase
and installation of 50 feet of 4-inch piping (with valves, pipe
racks, and elbows) for each stream. Annual costs associated with
segregation are assumed to,be negligible.

Finally, an additional cost for segregation must be included for
separation of process wastewaters that-are discharged from the
same equipment, where this equipment is used to process metals
that are in separate subcategories. For instance, the same
surface treatment rinse tank may rinse titanium parts over a
certain period and then be used for rinsing of nickel parts. The
cost for this segregation is represented by the cost of a holding
tank of 4 hours retention, a pump, and connecting piping. The
resulting cost was assigned to each nonferrous metals forming
subcategory for which wastewater is discharged from the common
equipment.



L1mitations. Required capital costs are determined by consider­
ing the equipment and wastewater treatment system a plant cur­
rently has in place. As discussed previously, the required
capital costs reflect the estimates of the actual capital cost
the facility will incur to purchase and install the necessary
treatment equipment by accounting for what that facility already
has installed.

For plants that discharge wastewater in mote than one subcategory
in the nonferrous metals forming category, or in more than one
category, the compliance costs must be allocated to the different
subcategories and categories. In general, this allocation is
done based on the flow contribution of each subcategory and
category. For instance, if 33 percent of the flow came from the
nickel and cobalt forming subcategory, the titanium forming
subcategory, and the electroplating category each, the capital
and annual costs allocated to each of the two forming subcatego­
ries and the other category would be 33 percent.

An exception to this rule occurs when preliminary treatment steps
such as chromium reduction are performed on only a portion of the
total plant wastewater flow. In this case, the costs associated
with the preliminary step are allocated solely to the subcatego­
ries and categories that discharge water requiring that treat­
ment. Where flow reduction is included, the costs are appor­
tioned as above keeping constant the portiones) borne by subcate­
gories where flow is not reduced. This prevents compliance costs
from increasing for a subcategory from option to option when no
regulatory flow change has been established. Examples and
detailed calculation sheets for the apportionment of costs at
each plant are contained in the public record for this
rulemaking •.

NONWATER QUALITY ASPECTS

The elimination or reduction of one form of pollution may aggra­
vate other environmental problems. Therefore, Sections 304(b)
and 306 of the Act require EPA to consider the nonwater quality
environmental impacts (including energy requirements) of certain
regulations. In compliance with these provisions, EPA has
considered the effect of this regulation on air pollution, solid
waste generation, water scarcity, and energy consumption. This
regulation was circulated to and reviewed by EPA personnel
responsible for nonwater quality environmental programs. While
it is difficult to balance pollution problems against each other
and against energy utilization, the Administrator has determined
that the impacts identified below are justified by the benefits
associated with compliance with the limitations and standards.
The following are the nonwater quality environmental impacts
associated with compliance with BPT, BAT, NSPS, PSES, and PSNS.

Air Pollution, Radiation, and Noise

In general, none of the wastewater treatment or control processes
causes air pollution. Steam stripping of ammonia has a potential
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to generate atmospheric emissions; however, with proper design
and operation, air pollution impacts are prevented. None of the
wastewater treatment processes cause objectionable noise or have
any potential for radiation hazards.

Solid Waste Disposal

As shown in Section V~ the waste~ streams being discharged contain
large quantities of toxic and other metalsi the most common
method of removing the metals is by chemical precipitation.
Consequently, significant volumes6! heavy metal-laden sludge are
generated that must be disposed of properly.

The technologies that directly generates~udgeare:

1. Cyanide precipitation,
2. Chemical precipitation (lime or .caus~ic) , .
3 •.. Multimedia filtration, and
4. Oil water separation.

Table VIII-IS presents the sludge volumes generated by plants for
each regulatory option in each subcategory, page

The estimated sludge volumes generated fromwa~tewater treatment
were obtained from material balances performed by the· computer
model and extrapolated to the ,entire category. Generally, the
solid waste requiring disposal is.a dewatered.sludge resulting
from vacuum filtration; which contains 20 percent ,solids (by
weight). The solids content will b~ lower in cases where it is
more economical to contract haul a waste stream directly from the
process without undergoing treatment.

A major concein in the disposal of sludgea is the 6ontamination
of' soils, plants, and animals by the heavy metals contained in
the sludge. The leaching of heavy metals from sl!Jdgeand subse­
quent movement through soils is enhanced by acidic conditions;
Sludges formed by chemical precipitation possess high pH values
and thus are resistant to acid leaching. Since the largest
amount of sludge that results from the alternatives is generated
by chemical precipitation, it is not expected that metals will be
readily leached from the sludge. Disposal of sludges in a lined
sanitary landfill will further reduce the possibility of heavy
metals contamination of soils, plants, and animals.

Oiher methods, of tre~ting and disposing sludg~ are available.
One method currently being used, at a number of plants is reuse or
recycle, usually to recover metals. This is especially common at
plants in the precious metals forming subcategory. Since the
metal concentrations in some sludges may be substantial, it may
be cost-effective for some plants to recover the metal fraction
of their sludges prior to~disposal.

Wastes generated by nonferrous metal formers are subject to
regulation under Subtitle C of the Resource Conservation and
Recovery Act (RCRA) if they are hazardous. However, the Agency
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examined solid wastes similar to those that would be generated at
nonferrous metals forming plants by the suggested treatment
technologies (that is~ the sludges from lime and settle treat­
ment) and believes they are not hazardous wastes under the
Agency's regulations implementing Subtitle C of RCRA. The one
exception to this is solid waste generated by cyanide precipita­
tion. This sludge is expected to be hazardous and this judgement
was included in this study. None of the noncyanide wastes are
specifically listed as hazardous, "nor are they likely to exhibit
one of €he four characteristics of hazardous waste (see 40 CFR
Part 261)' based on the recommended technology of chemical
precipitation and sedimentation, preceded where necessary by
hexavalent chromium reduction. By the' addition of a small excess
of lime during treatment, similar sludges, specifically toxic
metal-~earing sludges generated by other industries such as the
iron and steel industry passed the Extraction Procedure (EP)
toxicity test (see 40 CFR 261.24). Thus, the Agency believes
that nonferrous metals forming wastewater tr"eatment. slUdges will
similarly not be EP toxic if the recommended technology is
applied.

The Agency is not proposing an allowance for dis~harge of spent
solvents from the solvent degreasing operations at nonferrous
metals forming plants. Disposal of, the spent solvent ~ay be
subject to regulation .undeF RCRA~ However, no plant 1n the
nonferrous metals forming in~ustry,is known to currently <'Us­
charge the spent solvents. There.fpre, the cost of disposal of
the spent solvents has not been included in estimating the cost
of this proposed regulation because ~~l plqrtts which use solvent
degreasing alF~ady incur those cpsts. .

Although solid wastes generated as a result of these guidelines
are not expected to be hazardous, generators of these wastes must
test the waste td determine if the wastes meet any of the charac­
ter istics of ha.zardous waste (see 4~ CFR 261.10). The Agency
also may list these wastes as hazardous under 40 CFR 261.11.

" 'J,

If these wastes are hazardous, as defined by RCRA, they will come
within the scope of RCRA's "cradle to gravel' hazardous waste
management program, requiring regulation from the point of
generation to point of final disposition. EPA's generator
standards require generators of h"azardous nonferrous metals
forming wastes to meet containerization, labelling, recordkeep­
ing, and reporting requirements; if plants dispose of hazardous
wastes off-site, they have to prepare a manifest which tracks the
movement of the wastes from th~ generator's premises to a permit­
ted off-si te treatment, storage, or disposal fa"cili ty (see 40 CFR
262.20). The transporter regulations require transporters of
hazardous wastes to comply with the manifest 'system to assure
that the wastes are delivered to a permitted facility (see 40 CFR
263.20). Finally, RCRA regulations establish standards for
hazardous waste treatment, storage, and disposal facilities
allowed to receive such wastes (see 40 CFR l?aFt 264).
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Even if these wastes are not identified as hazardous, they still
must be disposed of in co~p+iance with the Subtitle 0 open

.dumping standards, implementing Section 4004 of RCRA (see 44 FR
53438, September 13, 1979). The Agency has cal¢Ulated as part of
the costs for wastewater treatment, the cos~ of hauling and
disposing of these wastes.

Consumptive Water Loss

Treatment and control technologies that requir,e extensive recy­
cling and reuse of water may require cooling mechanisms. Evapo­
rative cooling mechanisms can cause water loss arid contribute to
water scarcity problems-a primary concern in arid and semi-arid
regions. While this regulation assumes water reuse, the overall
amount of reuse through evaporative cooling mechanisms is low and
the quantity of water involved is not significant. In addition,
most nonferrous metals forming plants are located east of the
Mississippi where water scarcity is not a problem. The Agency
has concluded that consumptive water loss is insignificant and
that the pollution reduction benefits of i~dycle technologies
outweigh their'· impact on consumptive water loss.

Ener9Y Requirements

The incremental energy requirements of a . wastewater treatment
system have been determined in order to consider the impact of
this regulation on natural resource depletion and on various
national economic factors associated with energy consumption.
The calculation of energy requirements fo~ wastewater treatment
facilities proceeded in two steps. First, the portion of operat­
ing costs which were attributable to energy requirements was
estimated for each wastewater treatment module. Then, these
fractions, or energy fact.ors, were applied to each module in all
plants to obtain the energy costs associated with wastewater

·treatment for each plant. These 'costs were summed for each
subcategory and converted to kW-hrs using the electricity charge
rate previously mentioned ($0.0483/kW-hr for March 1982). The
total plant energy usage was calculated based on the data collec­
tion portfolios.

Table VIII-16, presents these energy requirements for each
regulatory option in each subcategory. From the data in this
table, the Agency has concluded that the energy 'requirements of
the proposed t~eatment options will not significantly affect the
natural resource base nor energy distribution or consumption in
communi ties where plants are loc~ted. ..
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Table VIII-t

BPT COSTS OF COMPLIANCE FOR THE,
NONFERROUS METALS FORMING CATEGORY

Number Regulation Cost
of Direct Est,imates ( 1982)

Subcategory Di scharsers Capital !lnnual

Lead-Tin-Bismuth Forming 3 A A

Magnesium Forming 148,000 "96,000

Nickel-Cobalt Forming 12 392,000 186,000

Precious Metals Forming 4 226,000 98,000

Refractory Metals Forming 6 '87,000 '44,000

Titanium Forming 13 2,238,OO() 2,261,000....
lJ1 Uranium Forming 2 A :A0
00 Zinc Forming A A

Zirconium-Hafnium Forming ., 4 ., 3,59,00,0 327,000

Metal Powders 3 A A

A - Based on confiaential data.

\.

\
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Tabl e VIII-2

BAT COSTS OF COMPLIANCE FOR THE
NONFERROUS METALS FORMING CATEGORV

Number Regulation Cost
of Direct EsHmates (1982)*

Subcategory Dischargers Capital Annual

Lead-Tin-Bismuth Forming 3 A A

Magnesium Forming 79,000 45,000

Nickel-Cobalt Forming 12 493,000 242,000

Precious Metals Forming 4 352,000 151,000

Refractory Metals Forming 6 135,000 68.000

Titanium Forming 13 2,124,000 2,192,000

I-' Uranium Forming 2 A A

Ul
0 Zinc Forming A A
\0

Zirconium-Hafnium Forming 4 568,000 400,000

Metal Powders 3 A A

*Costs are shown for selected option only (See Section X).

A - Based on confidential data.



Table VIII-3

PSES COSTS OF COMPLIANCE FOR THE
NCNFERROUS METALS FORMING CATEGORY

Number Regulation Cost
of Direct Estimates (1982)·

Subcategory Dischargers Capital Annual

Lead-Tin-8ismuth Forming 13 230,000 88,000

Magnesium Forming 2 A A

Nickel-Cobalt Forming 26 3,622,000 2,159,000

Precious Metals Forming 26 824,000 373,000

Refractory Metals Forming 25 1,437,000 589,000

I-' Titanium Forming 15 757,000 348,000U1
I-' Uranium Forming 00

Zinc Forming Exempted

Zirconium-Hafnium Forming 3 11,000 4,000

Metal P0l'!ders 27 512,000 334,000

.Costs are shown for selected option only (See Section XII).

A - Based on confidential data.



Table VIII-4

NONFERROUS METALS FORMING. CATEGORY
COST EQUATIONS FOR RECOMMENDED TREATMENT AND CONTROL TECHNOLOGIES

Equipment

Agitator, C-clamp

Equation

C = 839.1 + 587.~ (HP)
A 0·.0483 x (HPY.) x 0.746' (HP) + 0.05 (C)

Range of Validity

0.25 < HP < 0.33

Agitator, Top Entry C
A

1,585.55 + 125.302 (HP) - 3.2743~ (HP)2
0.0483 x (HPY) x 0.746 (HP) + 0.05 (C)

0.33 < HP .< 5. a

Ammonia Steam Strip­
ping Column

C [(4,907.67 - 320.389) X (OF) + 89.9082
x (DF)2J + [HT x (30.3022 x 86.9193
x (OF) - 0.298958 x (OF)2)] + NST} x 1.1

A = 0

2 < DF < 12

o < W < 30,000
30,000 < W < 60,000
60,000 < W

Nonhazardous

500 < S < 12,000

300 < S < 2,800

21 x (18 + 0.00075 x (W»
21 x (41 + 0.0006 x (W»
21. x· '(59 + 0.00045 x (W»

78;'400 + .32.65 (S) - 7.5357 x 10-4(S)2
exp[8.Z2809 - 0.224781 (1nS);+ 0.0563252
( In~2]

NST
NST
NST

C
A

C
A

,
41,197.1 + 72.0979(5) + 0.0106542(S)2
exp[8.22809 -cO.224781 (1nS) + 0.0563252
(InS)2]

C a
A 0.40 (G)(HPY)

Contr~ct Hauling'

I-' Clarifier, Concrete
U1
I-'
I-'

Clarifier, Steel

C a
A exp[-0.0240857 + 1.02731 (InG)
.- 0.0196787 (lnG)2](HPY)

Hazardous



Table VIII-4 (Continued)

NONFERROUS METALS FORMING CATEGORV
COST EQUATIONS FOR RECOMMENDED TREATMENT AND CONTROL TECHNOLOGIES

....
VI....
t-.)

Equipment

Cooling Tower System

Equalization Basin

Feed System, Alum

Feed System, Caustic

Equation

C = exp[8.76408 + 0.07048 (InCTON)
+ 0.5095 (InCTON)2]

A exp[9.08702 •. 0.75544 (InCTON)
+ 0.140379 (IriCTON)2]

C = '4,7~B.8 + 0.170817 (V) - 8.44271
x 10 (V)2

C = 3,10QS44 + 1.9041 (V) - 1.7288
x 10 (V)2

C = exp[4.73808 - 0.0628537 (1nV)
+ 0.0754345 (InV)2]

A 0.05 (C)

C = exp[16.2911 - 0.206595 (InF) + 0.06448
( InF)2]

10-8
A [0.5266\ + 0.11913 (F) + 1.964 x

(F2)] HPV

Continuous feed:

C = exp[9.63461 + 8.36122 x 10-3 (lnF)
+ 0.0241809 (lnF)2]

A exp[7.9707 - 4.45846 x 10-3 (lnF)
+ 0.0225972 (InF)2] + 0.183 (HPV)(F)

Batch feed:

Range of Validity

5 <: CTON < 700

5 < CTON < 700

24,000 < V < 500,000

1,000 < V < 24,000

V < 1,000

o < V < 500,000

10 < F < 1,000

0.4 < F < 417

C

A

exp[7.50026 + 0.199~64 (InF) + 0.0416602
( InF) 2]
(21)[16 + 0.5 (8PV) + 0.131 (F)(HPV)

1 .5 < F < 1,500



Table VIII-4 (Continued)

NONFERROUS METALS FORMING CATEGORY
COST EQUATIONS FOR RECOMMENDED TREATMENT AND CONTROL TECHNOLOGIES

A

C
A

C
C

Equipment

Feed System, Defoamer

Feed System, Lime
(Manual)

Feed System, Lime
(Batch)

I-'
U'1
I-' Feed System, LimeW

(Continuous)

Equat i on

Low flow batch feed:

C = 250
A 10.5 (BPY) + 0.131 (F) (HPY)

C = 980
A 6.5 x 1005 (X) (HPY)

o
(DPV)[0.074 (B) + 5.25 (NS)]

1,697.79 + 19.489 (B) - 0.036824 (B)2
16,1~~.2 + 10.2512 (B) - 1,65864
x 10 (B)2
(BPV)[5.01989 + 0.0551812 (B)
- 1.79331 x 10-5 (B)2] - 1.65864

C = exp(6.32249 + 1.70246 (lnF) - 0.137186
( 1nF) 2]

A =,exp[4.87322 + 1.78557 (lnF) + 0.136732
(lnF)2] + (F)(HPV)(LC)

Range of Validity

X < 100

o < X < 83,000

X < 2,000

1 < B < 200
8 > 200

10 < F < 1,000

Feed System, Ferrous C = exp[10.1703 - 0.38694 ( 1nF) + 0.0765919 10.7 < F < 5,530
Sulfate (lnF)2]

A exp[9.696551 - 0.612972 (lnF) + 0.0960144
(InF)2] + 0.0575 (F) (HPY)

Feed System, Polymer C = exp(9.83111 + 0.663271 (1 nF) + 0.0557039 0.04 < F < 0.5
(lnF)2]

A = 0.42 (F )(HPY) + 1,050
C = 13,150 + 2,515.2 (F) 0.5 < F < 12
A exp[8.60954 + 0.04109 (InF) + 0.0109397

(lnF)2] + 2.25 (F)(HPY)



Table VIII-4 (Continued)

NONFERROUS METALS FORMING CATEGORV
COST EQUATIONS FOR RECOMMENDED TREATMENT AND CONTROL TECHNOLOGIES

A

C

Equipment

Feed System, Sulfuric
Acid

Filter, Multimedia

Filter, Membrane

Equation

exp[6.1441 + 0.23345 (InF) + 0.0180092
( lnF)2]
exp[7.3691~ + 0.0133111 (InF) + 0.029219
(InF)2] + 0.93743 (F)(HPV)

C = 10,888 + 277.85 (SA) - 0.154337 (SA)2
A = exp[8.20771 + 0.275272 (InSA) + 0.0323124

(1 nSA) 2]

C = 290.48 + 31.443 (V) - 0.050717 (V)2
A [8.34§53 x 10- + 0.173683 (SR - 4.1435

x 10- (SR)2](HPV).

Range of Validity

0.01 < F < 3,200

7 < SA < 500

2 < V < 140

I-'
lJ1
I-'
olloo

Oil/Water Separator,
Coalescent Type

Oil/Water Separator,
Belt-Type
(Small Flow)

Piping, Recycle

C
A

C
A

C
A
C
A

C

A

-2,922.48 + 60.6411 (V) - 0.065206 (V)2
[-0.0~52849 + 0.172153 (SR) - 3.46041
x 10- (SR)2](HPV)

5,542.07 + 65.7158 (V) - 0.029627 (V)2
783.04 + 6.3616·(V) - 0.001736 (V)2

2,370
1,300
2,900
1,500

exp{6.55278 + 0.362166 (Ino) + 0.133144
(lno)2] (O.Ol)(L)

o

140 V < 336

o < V < 700

OC < 25

OC < 25

o > 1



Table VIII-4 (Continued)

NONFERROUS METALS FORMING CATEGORY
COST EQUATIONS FOR RECOMMENDED TREATMENT AND CONTROL TECHNOLOGIES

Equipment Equation . Range of Validity

14,336.3.+ 38.1582 (F) - 0.156326 (F)2 4.0 < F < 350
6,934.09 + 2,704.2 (F) - 1~08636 (F)2

e~~[4~73808 - 0.0628537 (lnV) + 0.0754345 57 < V < 1,000
(1 nV)2 J •
3,100.44 + 1.19041 (V) - 1.7288 x 10-5 (V)2
1,090 + 21 (SPV)

.exp[8.65018 - 0.0558684 (lnX) + 0.0145276 2,200 < X < 11,600
(lnX)2]

140 < V < 336

2 < Y < 140

3 < V < 3,500

5 < V < 500

4,212.72 - 0.009005 (X) + 1.004 x 10-6
(X)2
1.05 (HPY) + 0.02(C)

C '" 283.353 + 25.9111 (Y) - 0.058203 (Y)2
A rD.l!~985 + 0.0803004 (SR) - 1.66003

x 10 (SR)2] (HPV) .

-~~612.73 + 51.568 (V) - 0.059361 (Y)2
[ .~~339 + 0.0931196 (SR) - 1.7736
x 10 (SR)2)(HPV)

exp[6.31076 + 0.228887(lnV) + 0.0206172
( InV)2]
exp[6.67588 + 0.031335 (InY) + 0.062016
(lnV)2] (HPB)

2,264.31 + 21.0097 (V) - 0.0037265 (Y)2
exp(7.64414.+ 0.192172 (InY) + 0.0202428
(InV)2] (HPB)

C
A

C

A

C
A

C '"
A '"
C
A

C

C
A
A

Prefilter, Cartridge

Pump, Centrifugal

Pump, Sludge

Spray Rinsing System

Sulfonator

Tank, Batch Reactor



Table VIII-4 (Continued)

NONFERROUS METALS FORMING CATEGO·RV
COST EQUATIONS FOR RECOMMENDED TREATMENT ANO CO'NTROL TECHNOLOGIES

Equipment

Tank, Concrete

Tank, Large Fiberglass

Equation Range of Validity

C = 5,800 + 0.8V 24,000 < V < 500.000
A = 0.02 (C)

C = 3,100.44 + 1.19041 (V) - 1.7288 x 10-5(V)2 1,000 < V < 24,000
A = 0.02 (C)

Tank. Small Fiberglass C

A

exp[4.7308 - 0.0628537 (InV) + 0.0754345
(lnV)2]
0.02 (C)

57<V<I,OOO

....
U1....
0\

Tank, Rectangular
Fiberglass With
Sparger System

Tank, Large Steel

Vacuum Fi I tel'

C 6,670.25 + 3.444 (V) - 25.084 (V)0.5
- 1.11928 x 10-04 (V)2

A = [0.257195 - 0.00349 (V)0.5 + 3.736 x 10-5
(V)](HPV)

C = 3,128~83 + 2.37281 (V) - 7.10689
x 10-Q (V)2

C = 14,759.8 + 0.170817 (V) - 8.44271
x 10- (V)2 .

A 0.02 (C)

C 71,083.7 + 442.3 (SA) - 0.233807 (SA)2
A = 17.471.4 + 677.408 (SA) - 0.484647 (SA)2

1,000 < V < 13.000

1,000 < V < 13.000

500 < V < 12,000

V < 25,000

9.4 < SA < 750

Vacuum Filter Housing C
A

(45)[308.253 + 0.836592 (SA»)
(4.96)[308.253 + 0.836592 (SA)]

9.4 < SA < 750



Table VIII-4 (Continued)

NONFERROUS METALS FORMING CATEGORY
COST EQUATIONS FOR RECOMMENDED TREATMENT AND CONTROL TECHNOLOGIES

Equipment

Variable Definitions

Equation Range of Validity

I-'
Ul
I-'
~

A
B

BD
BPY

C
D

Df
DPY

f
G

HP
HPB
HPY

HT
L

LC
NB

.NST
OC

S
SA
SR

V
W
X
Y

Direct annual costs (1982 dollars/year)
= Batch chemical feed rate (pounds/batch)
= Batch chemical feed rate (pounds/day)

Number of batches per year
Direct capital, or equipment costs (1982 dollars)
Inner diameter of pipe (inches)
Inner diameter of column (feet)
Days of operation per year
Chemical feed rate (pounds/hour)
Sludge disposal rate (gallons/hour)
Power requirement (horsepower)
Fraction of time equipment is in operation
Plant operating hours (hours/year)
Hei~ht of column {feet)
Length of piping (feet)

= Lime cost ($/lb, March 1982)
= Number of batches per day

Installed cost of column (1982 dol lars)
Oil removed (gallons/day)
Clarifier surface area (square feet)
Filter surface area (square feet)
Solids removed by filter (grams/hour)
Tank capacity (gallons)
Weight of column (pounds)
Wastewater flow rate (liters/hour)
Wastewater flow rate (gallons/minute)
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Table VIII-5

aDirect capital costs include costs of equipment and required
accessories, installation, and delivery.

Cost

Direct capital co~tsa

Included in item 1
Included in item 1
Included in item 1
Included in item 1
Included in item 1
Item 1 + items 2

through 6

10% of item 7
0% of item 7
Item 7 + items 8

through 9

15% of item 10
10% of item 10
Item 10 + items 11

through 12

0% of item 13
Item 13 + item 14

Item 15 + items 16
through 17

0% of item 15
0% of item 15

Item

COMPONENTS OF TOTAL CAPITAL INVESTMENT

Bare Module Capital Costs

Electrical & instrumentation
'Yard piping
Enclosure
Pumping
Retrofit allowance

Total Module Cost

Engineering/admin. & legal
Construction/yardwork

Total Plant Cost

Contingency
Contractor's fee

Total Construction Cost

Interest during construction
Total Depreciable Investment

Land
Working capital

Total Capital Investment

1

2
3
4
5
6
7

8
9

10

11
12
13

14
15

16
17

18

Number
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TableVIII..;6

aDirect annual costs include costs of raw materials, energy,
operating labor, maintenance and repair.

b Item ~s is the total depreciable investment obtained from Table
VIII-s.

'Cost

Direct annual costsa

0% of item lSb
Seefootenote c
1% of item 15
CRF x item lSd

Item 19 + items 20
through 23

COMPONENTS OF TOTAL ANNUALIZED INVESTMENT

Overhead
Monitoring
Taxes and Insurance
Amortization

Item

Bare Module Annual Costs

Total Annualized Costs

19

24

20
21
22
23

Number

cSee page for an explanation of the determination of
monitoring costs.

dThe capital recovery factor (CRF) was used to account for
depreciation and the cost of financing.



Table VIII-7

WASTEWATER SAMPLING FREQUENCY

Wastewater Discharge
(liters per day) Sampling Frequency

0 37,850 Once per month

37,851 - 189,250 Twice per month

189,251 - 378,500 Once per week

378,501 - 946,250 Twice per week

946,250+ Three times per week
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Table VIII-a

POLLUTANT PARAMETERS IMPORTANT TO TREATMENT SYSTEM DESIGN

Parameter

Flow rate
pH
Temperature
Total suspended solids
Acidity (as CaC03)
Aluminum
Ammonia
Antimony
Arsenic
Beryllium
Cadmium
Chromium (trivalent)
Chromium (hexavalent)
Cobalt
Columbium
Copper
Cyanide (free)
Cyanide (total)
Fluoride
Iron
.Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Oil and grease
Phosphorus
Selenium
Silver
Sulfate
Tantalum
Thallium
Tin
Titanium
Tungsten
Uranium
Vanadium
Zinc
Zirconium
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units

liters/hour
gH units

F
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
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mg/l
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Table VIII'-9

THE RATIO OF SLUDGE TO INFLUENT WASTEWATER FLOW
FOR COST CURVE DEVELOPMENT

Wet' (3%) Sludge Dry (20%) Sludge
Subcategory Group' Ratio Ratio

Ni-Co, U, Zr 0.14 0.02

Ti 0.66 0.10

Refractory Metals - I a 0.05 0.007

Refractory Metals - lIb 0.89 0.13

aThese include plants with surface treatment baths and rinses,
sawing and grinding lUQricants, and alkaline cleaning baths and
rinses.

bThese include plants with tumbling wastewater and sawing and
grinding lubricants.
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Table VIII-IO

KEY TO COST CURVES AND EQUATIONS

Figure VIII-19
Figure VIII-19

Figure VIII-20
Table VIII-II

Figure VIII-21

Figure VIII-13
Figure VIII":13

Figure' VIII ...... 13

Capital Cost Annual Cost

Figure VIII-4 Table VIII-II
Figure VIII-6 Figure VIII-6

Figure VIII-5 Figure VIII-5

Figure VIII-6 Figure VIII-6

Figure VIII-IO Figure VIII-IO

Figure VIII-II Table VIII-II
Figure VIII-II Figure VIII-II

Figure VIII-8 Figure VIII-8

Figure VIII-7 Figure VIII""'"7

Figure VIII-9 Figure VIII-9

Figure VIII-14 Figure VIII-14

$2,600 $1,300

Figure VIII-16 Figure VIII-16

$ 250
$2,510

Figure VIII-17
Figure VIII-18

Figure VIII-20

Figure VIII-12

Spray Rinsing
Equipment
Pump

Equalization

Countercurrent Rinsing
Tank, Rectangular

Fiberglass
Pump

Cyanide Precipitation

Module

Holding Tanks

Chromium Reduction
Batch
Continuous

*Used for sludges from cyanide precipitation.

Cooling Towers

Vacuum Filtration
Carbon Steel
Stainless Steel*

Chemical Emulsion Breaking

Oil Skimming

Multimedia Filtration

Chemical Precipitation and
and Settling

Iron Co-Precipitation
Low-Flow

Flow < 499 l/hr
500 l/hr < Flow <

2,200 l/hr
Batch and Continuous

Contract Hauling



Table VIII-ll

COST EQUATIONS USED IN COST CURVE METHOD

Item

Spray Rinsing Equipment

Batch Chromium Reduction

Cartridge Filtration

Equation

A 1.05 (HPV)

A = 1,925 + [8.84 - 10.5 (HPD/8) 1 (DPY)

A 1,000 + [0.119 + 9.306 x 10-4 (X) - 1.085
x 10-9] (HPV)

Range of
Validity

o <; X <; 800

Variable Definitions:

A = Direct annual costs (1982 dollars/year)
DPV = Operating days per year
HPD Operating hours per day
HPY Operating hours per year
X = Wastewater flow rate (liters/hour)



Table VIII-12

NUMBER OF PLANTS FOR WHICH COSTS WERE SCALED.
FROM SIMILAR PLANTS

Subcategory Number of ?::"ants

Lead-Tin-Bismuth Forming 12

Magnesium Forming 1

Nickel-Cobalt Forming 5

Precious Metals Forming 9

Refractory Metals Forming 10

Titanium Forming 6

Uranium Forming 0

Zinc Forming 0

Zirconium-Hafnium Forming 0

Metal Powders 5
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Table VIII-13

FLOW REDUCTION RECYCLE RATIO AND ASSOCIATED COST ASSUMPTIONS

Condition

Option A:

1. Actual flow from process. is greater
than Option A.

2 • 'Actual flow from process "i 5 less than
O'ption A.

Opti ons Band C:

Action

1. Reduce flow to Option A at negligible
cost. Use flow to cost combined treat­
m~nt system.

2. Use actual plant flo~ to cost combined
treatment plant.

"

4. Reduce flow to Option A at zero cost.
Reduce flow to Option B using constant
recycle ratio.

3. Reduce flow to Option A at zero cost.
Set discharge from flow reduction
equipment equal to actual plant reduced
flow.

1. Actual flow from process is greater
than Option A and no in-process flow
reduction techniques are in place.

2. Actual flow from process is greater
than Option A. The actual plant recycle
ratio is known and results in a reduced
flow less than Option A bU~ greater than
Option B... •

3. Actual flow from process is greater
than Option A. The actual plant recycle
ratio is known and results in a flow
less than Option B.

4. Actual flow from process is greater
than Option A and the actual plant
recycle is unknown.

2.

Reduce flow to Option A at zero cost.
Reduce flow to Option B using recycle
ratio.··

Reduce flow to Option A at zero cost.
Reduce flow to Option B using recycle
ratio.



Table VIII-13 (Continued)

FLOW REDUCTION RECVCLE RATIO AND ASSOCIATED COST ASSUMPTIONS

Condition

5. Actual flow from process is less than 5.
Option A (but greater than Option B) and
the actual plant recycle ratio is known
and results in a flow less than Option B.

6. Actual flow from process is less than 6.
Option A (but greater than Option B) and
the actual plant recycle ratio is unkown.
zero, or results in a flow greater than
Option B.

7. Actual flow from process is less than 7.
Option B using no reduction "
techniques.

Action

Set discharge from flow reduction
equipment equal to actual plant reduced
flow.

Set discharge from flow reduction
equipment equal to Option B,

Set discharge equal to actual plant
flow.

*Flow before any reported flow reduction techniques (i.e., holding. tanks, cooling
towers, thickeners).

**The constant recycle ratio is calculated as: R

***The actual plant recycle ratio is calculated as:

Option A Flow - Option B Flow.
Option A Flow

R = Flow Before Flow Reduc~ion - Flow After Flow Reduction
Flow Before Flow Reduction

Note this table assumes:

Option A
Option B
Option C

Lime and settle.
Lime and settle with in-process flow reduction.
Lime, settle, and multimedia filtration with in-process flow reduction.



Table VIIl-14

SEGREGATION COST BASIS
(19B2 Dollars)

Total Flow to Treatment Cost per Waste Stream

<100 l/hr $l,3BO

>100 l/hr, where each , $1,3BO
individual stream is
<100 l/hr

>100 l/hr, where one or $6,900
more wasta streams are
>100 l/hr

Cost Basis

100 feet of 4" Schedule 40,
180 psi PVC pipe, valves, fittings
installed above grade in pipe racks

As above

500 feet of 4" Schedule 40,
180 psi PVC pipe, valves, fittings
installed above grade in pipe racks



Table VIII-IS

NONFERROUS METALS FORMING
SOLID WASTE GENERATION (kkgjyr)

Subcategory EPT BAT PSES

Lead-Tin-Bismuth Forming 9.68 11.2 22.2

Magnesium Forming 189 191 33.2

Nickel-Cobalt Forming 81.7 113 3,800

Precious Metals Forming 19.0 22.3 58.7

Refractory Metals Forming 162 196 1,130

Titanium Forming 705 901 1,710

Uranium Forming 150 153 0

Zinc Forming 99.6 101 0

Zirconium-Hafnium Forming 65.6 80.3 2.23

Metal Powders 27.4 27.4 273

1529



Table VIII-16

1530

580

50

110

50

950

890

PSES

1,310

1,260

1,160

NONFERROUS METALS FORMING
ENERGY CONSUMPTION (1000 kW-hr/yr)

Subcategory BPT BAT

Lead-Tin-Bismuth Forming 330 330

Magnesium Forming 110 110

Nickel-Cobalt Forming 880 880

Precious Metals Forming 440. 440

Refractory Metals Forming 330 330

Titanium Forming 880 880

Uranium Forming 220 220

Zinc Forming 110 110

Zirconium-Hafnium Forming 440 440

Metal powders 330 330
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SECTION IX

BEST PRACTICABLE CONTROL TECHNOLOGY
. CURRENTLY AVAILABLE

This section defines the effluent characteristics attainable
through the application of best practicable control technology
currently available (BPT), Section 301(b)(1)(A). BPT reflects
the average of the best existing performance by plants of various
sizes, ages, and manufacturing processes within the nonferrous
metals forming category.

The factors considered in identifying BPT include the total cost
of applying the technology in relation to the effluent reduction
benefits from such application, the age of equipment and facili~

ties involved, the manufacturing processes employed, nonwater
quality environmental impacts (including energy requirements),
and other factors the Administrator consid~rs appropriate. In
general, the BPT level represents the average of the best exist­
ing performances of plants of various ages, sizes, processes, or
other common characteristics. Where existing performance is.
uniformly inadequate, BPT may be transferred from a different
subcategory or category. Limitations based on transfer of
technology are supported by a rationale concluding that the
technology is, indeed, transferable, and a reasonable prediction
that it will be capable of achieving the prescribed effluent
1imits. See Tanner's Council of Amer.ica v. Train, 540' F.• 2d 1·188
(4th Cir. 1976). BPT focuses on end-of-pipe treatment rather
than process changes or internal controls, except where such
practices are common industry practice.

TECHNICAL APPROACH TO BPT

The Agency studied the nonferrous metals forming category to
identify the manufacturing processes used and wastewatersgener­
ated during nonferrous metals forming. Information was collected
from industry using data collection portfolios, and wastewaters
from specific plants were sampled and analyzed. The Agency used
these dat~ to subcategorize the category and determine what
constitutes an appropriate BPT. The factors which were con­
sidered in establishing subcategories are" discussed fully in
Section IV. Nonwater quality impacts and energy requirements are
considered in Section VIII.

The category has been subcategorized, for the purpose of regula~

tion, on the basis of metal type formed. ~ach subcategory is
further divided into specific wastewater sources associated with
specific manufacturing operations. The regulation establishes
pollutant discharge limitations for each source of process
wastewater identified within the subcategory. This approach to
regulation is .referred to as the building block approach with
each waste stream being a building block. Compliance with ~he

regulation is determined on an overall plant basis rather than
for indJ~idual building blocks. The puildirig block approach is
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especially useful for this category since many nonferrous metals
forming plants generate wastewater from more than one operation.
In addition, a few plants generate wastewater from forming more
than one metal type, i.e., from operations associated with more
than one subcategory. Since the regulation uses the building
block approach, permit writer~ can develop permits which are
specific to each individual plant and which reflect the types of
metals formed and wastewater sources present at the plant.

In making technical assessments of data, reviewing manufacturing
processes, and evaluating wastewater treatment technology
options, both indirect and direct dischargers have been con­
sidered as a single group. An examination of plants and pro­
cesses did not indicate any process differences based on the type
of discharge, whether it be direct or indirect. Consequently,
the calculation of EPT regulatory flows included production
normalized flows from both direct and indirect dischargers.

Oil and grease, suspended solids, priority and nonconventional
metals, and other nonconventional pollutants are present in
significant concentrations in wastewater produced by forming
operations (rolling, drawing, extruding, forging, cladding, tube
reducing, metal powder production and powder metallurgy) and by
operations associated with metal forming (casting, heat treat­
ment, surface treatment, alkaline cleaning, solvent degreasing,
sawing, grinding, tumbling, burnishing, and product testing).
Although the specific priority and nonconventional metals present
will vary from subcategory to subcategory, the Agency believes
that one treatment technology with preliminary treatment, where
necessary, is an appropriate basis for BPT effluent limitations
for all subcategories. Wastewater treatment performance data
show that the treatment scheme detailed below will remove all
pollutants present in significant concentrations to an acceptable
level.

BPT for the nonferrous metals forming category is based on cornman
treatment of combined wastewater streams. For the most part,
nonferrous metals forming plants with existing treatment-in-place
combine waste streams in a common treatment system. The general
treatment scheme for BPT is to apply oil skimming technology to
remove oil and grease, followed or combined with lime and settle
technology to remove metals and solids from the combined waste­
waters. Separate preliminary treatment steps for chromium
reduction, emulsion breaking, cyanide removal, and ammonia
removal are utilized when necessary. Iron coprecipitation is
added to the treatment train when necessary to remove th~ non­
conventional pollutant molybdenum. The BPT treatment effective­
ness concentrations are based on the performance of these prelim­
inary treatment steps (when necessary) and chemical precipitation
and sedimentation (lime and settle) when applied to a broad range
ot metal-bearing wastewater. The BPT treatment train var.ies
somewhat between subcategories to take into account treatment of
hexavalent chromium, emulsified oils, cyanide, ammonia, and
molybdenum. Tables IX-l through IX-IO summarize for each subcat­
egory the waste streams which may need preliminary treatment
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prior to combined wastewater treatment. The basis for perfor­
mance of these treatment technologies is set forth in substantial
detail in Section VII.

For each of the subcategories, a specific approach was followed
for the development of BPT mass limitations. To account for
production and flow variability 'from plant to plant, a unit of
production or production normalizing parameter (PNP) was deter­
mined for each operation wqich could then be related to the flow
from the operation to determine a production normalized flow. As
discussed in Section IV, the PNP for the nonferrous metals
forming category is off-metric ton (the metric tons of metal
removed from a forming operation or associated operation at the
end of a process cycle), with one exception. Laundry washwater
in the uranium forming subcategory is normalized to employee-day.

Each subcategory was analyzed to determine: (1) which operat~ons

included generated wastewater, (2) specific flow rates generated,
and (3) specific production normalized flows for each operation.
The normalized flows were then analyzed to determine which flow
was to be used as the basis for BP~ mass limitations for that
operation. The selected flow (referred to as the BPT regulatory
flow), reflects the water use controls which are common practices
within the industry. The overall effectiveness of end-of-pipe
treatment for the removal of wastewater pollutants is improved by
the application of water flow controls within the process to
limit the volume of wastewater requiring treatment. However, the
controls, or in-process technologies recommended under BPT include
only those measures which are commonly practiced within the
category or subcategory. Except for recycle of lubricating
emulsions, most plants in this category do not have flow
reduction in place. Therefore, flow reduction is not generally
included as part of the BPT technology.

In general, the BPT regulatory flows are based on the average of
all applicable data. However, for some waste streams with a
large range of production normalized flows the median was used as
the basis for the BPT regulatory flow. The Agency believes the
median is more representative of the current typical water use
for these waste streams than the average. Plants with existing
flows above the average or median may have to implement, some
method of flow reduction to achieve the BPT limitations. In most
cases, this will involve improving house-keeping practices,
better maintenance to limit water leakage, Or reducing excess
flow by turning down a flow valve. It is not believed that these
modifications will generate any significant costs for the plants.
In fact, these plants should save money by reducing water
consumption.

Pollutant discharge limitations for this category are expressed
as mass loadings, i.e., allowable mass of pollutant discharge per
off-kilogram of production (mg/off-kg). Mass loadings were
calculated for 'each operation (building block) within ea~h

subcategory. The mass loadings were calculated by multiplying
the BPT regulatory flow (l/off-kkg) fQr the operation by the
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effluent concentration achievable by the 8FT treatment technology
(mg/l). Table VII-21 presents the effluent concentr.ations
achievable by the 8PT model treatment train for the pollutants
regulated in each subcategory. These concentrations are based on
the performance of chemical precipitation and sedimentation (lime
and settle) when applied to a broad range of metal-bearing waste­
waters, with preliminary treatmerit, when necessary. The deriva­
tion of these achievable effluent concentrations is discussed in
substantial detail in Section VII.

In deriving mass limitations from the 8FT model treatment tech­
nology, the Agency assumed that all wastewaters generated within
a subcategory were combined for treatment in a single or common
treatment system for that subcategory, even though flow and
sometimes pollutant characteristics of process ',,78stewa.ter st.ct2dmS
vary within the subcategory. A disadvantage of common treatment
is that some loss in pollutant removal effectiveness will result
where waste streams containing specific pollutants at treatable
levels are combined with other streams in which these same
pollutants are absent or present at very low concentrations.
Under these circumstances a plant may prefer to segregate these
waste streams and bypass treatment. Since treatment systems
considered under 8PT are pr imar ily for metals, oil and gre·ase,
and suspended solids removal, and many existing plants usually
had one common treatment system in place for these pollutants, it
is reasonable to assume a common treatment system for each
subcategory to calculate the system's cost and effectiveness.

Regulated Pollutant Parameters

In Section VI, priority pollutant parameters are selected for
consideration for regulation in the nonferrous metals forming
subcategories because of their frequent presence at treatable
concentrations in raw wastewaters. The selected pollutant
parameters include total suspended solidsr o~.l 2nd grease, and pH
which are regulated in every subcategory. ~r;urity metals dre
also regulated in every subcategory, though the specific metals
regulated v~ry. Nonconventional pollutants selected for
regulation also vary . with different subcategories.
Nonconventional pollutants regulated in aile o~ more subcategories
include ammonia, fluoride, and molybdenum. The basis for
regulating total suspended solids, oil and grease, and pH is
discussed below. Selection of priority and nonconventional
pollutants for regulation will be inclu\'..\ed 1.n the individual
subcategory discussions presented later in this section since
regulated priority metal and nonconventional pollutants vary with
the different subcategories.

Total suspended solids, in addition to being present at high
concentrations in raw wastewater from nonferrous metals forming
operations, is an important control paramet.er E'.J[ mE.~ta.Ls i':"p.moval
in chbwical precipitation and settling treatment systems. Metals
are precipitated as insoluble metal hydroxides, and effective
solids removal is required in order to ensur~ reduced levels of
regulated metals in the treatmeLt sys:em effluent. Therefore,

I .
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LEAD-TIN-BISMUTH FORMING SUBCATEGORY

Rolling

of plants and operations using emulsion lubricant: 7
of plants and operations using soap solution lubricant:

No lubricants were reported to be used in over 15 rolling opera­
tions.

total suspended solids are regulated as a conventional pollutant
to be removed from the wastewater prior to discharge.

Oil and grease is regulated u"rider BPT since a number of nonfer­
rous metals forming operations (i.e., rolling, sawing, grinding,
drawing, extrusion) generate emulsified wastewater streams which
may be discharged. In addition, the equipment used to form
nonferrous metals use significant quantities of oil as machinery
lubricant or hydraulic fluid, these oils frequently get into the
process wastewater as tramp oils.

Number
Number
1.

The remainder of this section describes the development of BPT
mass loadings for each subcategory. The development of BPT
regulatory flows for each operation in each subcategory is pre­
sented in detail. The pollutants selected and excluded from
regulation, and the cost and benefit of the regulation at BPT are
also presented.

Production Operations and Discharge Flows

The importance of pH control is documented in Section VII and its
importance in metals removal technology cannot be overemphasized.
Even small excursions from the optimum pH level can result in
less than optimum functioning of the treatment system and inabil­
ity to achieve specified results. The optimum operating level
for removal of most metals is usually pH 8.8 to 9.3. However,
nickel, cadmium, and silver require higher pH for optimal
removal. To allow a reasonable operating margin and to preclude
the need for final pH adjustment, the effluent pH is specified to
be within the range of 7.5 to 10. .

Production operations that generate wastewater in the lead-tin­
bismuth forming subcategory include rolling, drawing, extrusion,
swaging, continuous strip casting, semi-continuous ingot casting,
shot casting, shot forming, alkaline cleaning, and degreasing.
Water use practices, wastewater streams, and wastewater discharge
flows from these operations were discussed in Section V. This
information provided the basis for development of the BPT regula­
tory flow allowances summarized in Table IX-II; The following
paragraphs discuss the basis for the BPT flow allowances for each
waste stream.

Rolling is performed at 26 plants in this subcategory. The
following information is available from these plants:



Lead-Tin-Bismuth Rolling Spent Emulsions. All of the operations
using rolling emulsions completely recycle the emulsions and
periodically batch dump them when they become spent. The spent
emulsion from one operation is incinerated; the spent emulsion
from one operation is applied to land; and the spent emulsion
from five operations is contract hauled. Spent emulsions which
are contract hauled off-site typically receive some type of
emulsion breaking (chemical or thermal) and oil skimming treat­
ment. After this treatment the water fraction is discharged and
the oil fraction is either sent to a reclaiming operation or
landfilled directly. Since spent emulsions are often treated on­
site and the water discharged (with the oil fraction contract
hauled), EPA is allowing a discharge for this waste stream.· The
BPT discharge allowance is 23.4 l/kkg (5.60 gal/ton),.the average
of the six reported production normalized discharge flows.

Lead-Tin-Bismuth Rolling S~ent Soap Solutions. The one operation
using rolling soap solut~ons applies and discharges 43.0 l/kkg
(10.3 gal/ton). Therefore, the BPT discharge allowance is 43.0
l/kkg (10.3 gal/ton).

Drawing

Drawing is performed at 26 plants in the- lead-tin-bismuth forming
subcategory. The following information is available from these
plants:

Number of plants and operations using neat oil lubricant: 3
Number of plants and operations using emulsion lubricant: 6
plants, 8 operations.
Number of plants and operations using soap solution lubricant­
coolant: 2.
No lubricants were reported to be used in over five operations.

Lead-Tin-Bismuth Drawing S~ent Neat Oils. None of the three
operations using. neat oils d~scharge any of the lubricant. Two
achieve zero discharge through total recycle and one contract
hauls batches of the spent neat oils periodically. Since neat
oils are pure oil streams, with no water fraction, it is better
to remove the oil directly by contract hauling and not to dis­
charge the stream than to commingle the oil with water streams
and then remove it later using an oil-water separation process.
Therefore, this waste stream should not be discharged.

Lead-Tin-Bismuth Drawing Spent Emulsions. Six of the eight
operations using emulsion lubricants do not discharge spent
emulsion. Two operations periodically discharge the spent
emulsion. Information sufficient to calculate production normal­
ized discharge flows was available for only one of the operations
which discharge the spent emulsion. Four of the six remaining
operations achieve zero discharge through 100 percent recycle of
the emulsions with drag-out on the product surface being the only
loss, while two operations report contract hauling the spent
emulsions after periodic batch dumps. Information sufficient to
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calculate production normalized discharge flows was not available
for the operations which contract haul the spent emulsion. Spent
emulsions which are contract hauled off-site typically receive
some type of emulsion break~ng (chemical or thermal) and oil
skimming treatment. After this treatment, the water fraction is
discharged and the oil fraction is either sent to a reclaiming
operation or landfilled direct~y. Since sperit emulsions are
often treated on-site and the water discharged (with the oil
fraction contract hauled), EPA is allowing a discharge for this
waste stream. The BPT discharge allowance is 26.3 l/kkg' (6.30
gal/ton), the only reported non-zero production normalized
discharge flow.

Lead-Tin-Bismuth Drawing Spent Soap Solutions. One of the two
operations using soap solutions as a drawing lubricant periodi­
cally discharges the solution. The other operation achieves zero
discharge through total recycl~. The BPT discharge allowanGe is
7.46 l/kkg (1.79 gal/ton), the one reported non-zero production
normalized discharge flow.

Extrusion

Extrusion is performed at 43 plants in this subcategory. The
following information is available from these plants:

Number of plants and operations using contact cooling water: 14
plants, 17 operations
Number of plants and operations reporting hydraulic fluid
leakage: 2.
None of the plants reported using water-based lubricants in
extrusion operations.

Lead-Tin-Bismuth Extrusion Press and Solution Heat Treatment
Contact Cooling Water. As discussed in Section--rfI, contact
cooling water is used in extrusion operations, either by spraying
water onto the metal as it emerges from the die or press, or by
direct quenching in a contact water bath. Three operations were
reported to achieve zero discharge by 100 percent recycle and one
operation reported achieving zero discharge by 100 percent
recycle with periodic contract hauling. A discharge with no
recycle is reported for 11 extrusion operations. No water use
data were repo~ted for one of these operations. A discharge with
an unknown recycle rate was reported by two plants. The BPT dis­
charge allowance is the average of the 10 reported non-zero
production normalized discharge flows, 1,440 l/kkg (346 gal/ton).
Production normalized discharge flows for the two operations with
unknown recycle ratios were not included in the average.

Lead-Tin-Bismuth Extrusion Press HydraUlic Fluid Leakage. One of,
the 43 plants with extrusion operations discharges hydraulic
fluid leakage from an extrusion press. Another plant reported 100
percent recycle of hydraUlic fluid leakage. The Agency believes
that other plants in the lead-tin-bismuth forming subcategory use
similar extrusion presses and may have leakage. The BPT dis-

1559



charge allowance is based on the one reported production
normalized discharge f"ow, 55.0 l/kkg (13,2 gal/ton).

Swaging

Swaging is performed at five plants in this subcategory. Emul­
sions are used for lubrication in a total of four operations at
three plants. Two plants did not report the use of lubricants in
swaging operations.

Lead-Tin-Bismuth Swagi~ Spent Emulsions. Three of the four
swaging operations which use lubricants achieve zero discharge by
100 percent recycle, with evaporation and drag-out on the product
surface being the only losses. Spent emulsion is batch dis­
charged from the other operation. Sp8nt 0ffiulsions which are
contract hauled off-site typically receive some type of emulsion
breaking (chemical or thermal) and oil skirnmi.ng treatment. After
this treatment, the water fraction is discharged and the oil
fraction is either sent to a reclaiming operation or landfilled
directly. Since the spent emulsions are often treated on-site
and the water discharged (with the oil fraction contract hauled)
by plants in this category and other categor.ies, EPA is allowing
a discharge for this waste stream. The BPT discharge allowance
is 1.77 l/kkg (0.424 gal/ton), the only reported non-zero produc­
tion normalized discharge flow.

Casting

The following information was reported on casting operations in
this subcategory:

Total number of plants: 34

Number of plants and operations with continuous strip casting: 6
~~~mbar using contact cooling water: 5
~~mber of plants and operations using semi-continuous ingot
casting: 3
Number using contact cooling water: 3

Number oF. plants and operations with shot casting: 3 Number
using contact cooling water: 3
Number of plants and operations with continuous wheel casting: 1
Number using contact c001ing water: 0

Number of plants and operations with continuous sheet
casting: 1 Number using contact cooling water: 0

Number of plants and operations with stationary casting (also
referred to as chill casting and mold casting): 26 plants, 28
operations
Numb~r using contact cooling water: 0
Number oi plants and operations with shot pressing: 2 Number
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Lead-Tin-Bismuth Continuous Strip Casting Contact Cooling Water.
In five of the six continuous strip casting operations, che
contact cooling water is completely recycled and periodically
batch dumped. One operation uses onl~nonc6ntact cooling water.
The BPT discharge allowance is the average of the five reported
production normalized discharges flows, 1.00 l/kkg (0.240
gal/ton).

Lead-Tin-Bismuth Semi-Continuous Ing~~ Casting Contact Cooling
Water. Water' use and discharge data were reported for only one
operation. Contact cooling water from this operation is dis­
charged on a once-through basis. Based on the one reported
production normalized water use, the BPT discharge allowance is
29.4 l/kkg (7.04 gal/ton).

Lead-Tin-Bismuth Shot Casting Contact Cooling Water. In two of
the three operations, the contact cooling water is periodic~lly

dumped. The average of the two reported production normalized
discharge flows is the BPT discharge allowance, 37.3 l/kkg (8.95
gal/ton).

Lead-Tin-Bismuth Shot Forming Wet Air Pollution Control
One plant provided information on shot forming. It
using a wet scrubber to control air pollution from
polishing and drying unit operations of a shot forming
scrubber water is discharged on a once-through basis.
discharge allowance is the production normalized water
one plant, 588 l/kkg (141 gal/ton).

Alkaline Cleaning

Four plants provided information on six alkaline cleaning . opera­
tions.

Lead-Tin-Bismuth Alkaline Cleaning Spent Baths. Spent baths are
discharged from six alkaline cleaning operations. The BPT
discharge allowance is 120 l/kkg (28.7 gal/ton), the average of
the six production normalized discharge flows.

Lead-Tin-Bismuth Alkaline Cleaning Rinse. Four alkaline cleaning
operations discharge rins'e with no recycle. The BPT discharge
allowance is 2,360 l/kkg (565 gal/ton), the average of the four
production normalized water use from the four operations.

Degreasing

Lead-Tin-Bismuth Degreasing Spent Solvents. A small number of
surveyed plants with solvent degreasing operations have process
wastewater streams associated with the operation. Because most
plants practice solvent degreasing without wastewater discharge,
the Agency believes zero discharge of wastewater is the appropri­
ate discharge limitation.
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Regulated Pollutants

The priority pollutants considered for regulation under BPT are
listed in Section VI, along with an explanation of why they were
considered. The only priority pollutants considered for regula­
tion are antimony and lead. These two pollutants have been
selected for regulation under BPT along with total suspended
solids, oil and grease, and pH. The basis for regulating total
suspended solids, oil and grease, and pH under BPT was discussed
earlier in this section. The basis for regulating antimony and
lead is discussed below.

Antimony has been selected for regulation under BPT since it is
frequently found at treatable concentrations in process waste­
water streams from this subcategory. Treatable antimony concen­
trations were found in shot casting contact cooling water,
alkaline cleaning spent baths, and alkaline cleaning rinse.

Lead has been selected for regulation under BPT since it was
found at treatable concentrations in all process wastewater
samples analyzed from this subcategory and because it is the
metal being processed. The Agency believes that when antimony
and lead are controlled with the application of lime and settle
technology, control of other priority metals which may be present
in process wastewater is assured.

Treatment Train

The BPT model treatment train for the lead-tin-bismuth forming
subcategory consists of preliminary treatment when necessary,
specifically errlulsion breaking and oil skimming. The effluent
from preliminary treatment is combined with other wastewater for
common treatment by oil skimming and lime and settle. Waste
streams potentially needing preliminary chemical emulsion break­
ing are listed in Table IX-l. Figure IX-l presents a schemati~

of the general BPT treatment· train for the nonferrous metals
forming category.

Effluent Limitations

The pOllutant mass discharge limitations (milligrams of pollutant
per off-kilogram of PNP) were calculated by multiplying the BPT
regulatory flows summarized in Table IX-ll (l/kkg) by the concen­
tration achievable by the BPT model treatmenl system summarized
in Table VII-2l (mg/l) for each pollutant parameter considered
for regulation at BPT (ljoff-kkg x mgjl x kkg/l,OOO kg = mgjoff­
kg). The results of this computation for all waste streams·and
regulated pollutants in the lead-tin-bismuth forming subcategory
are summarized in Table IX-l3. This limitation table lists all
the pollutants which were considered for regulation; those
specifically regulated are marked with an asterisk.
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Costs and Benefits

In establishing BPT, EPA considered the cost of treatment and
control and the pollut~nt redu~tion benefits to evaluate economic
achievability. As shown in ~able X-3 (page xxxx), the application'
of BPT to the total lead-tin-bismuth forming subcategory will
remove approximately 5,730 kg/yt (12,610 Ibs/yr) of pollutant~

including 235 kg/yr (520 Ibs/yr) of toxic pollutants. As shown
in Table X-13 (page xxxx), the application of BPT to direct
dischargers only will remove approximately 1,450 kg/yr (3,190
Ibs/yr) of pollutants including 45 kg/yr (100 Ibs/yr) of toxic
pollutants. Since there are only three direct discharge plants
in this subcategory, total subcategory capital and annual costs
will not be reported in this document in order to protect confi­
dentiality claims. The Agency concludes that these pollutant
removals justify the costs incurred' by plants in this
subcategory.

MAGNESIUM FORMING SUBCATEGORY

Production Operations and Discharge Flows

Production operations that generate wastewater in the magnesium
forming subcategory include rolling, forging, direct chill
casting, surface treatment, sawing, grinding, and degreasing.
Water use practices, wastewater streams, and wastewater discharge
flows from these operations were discussed in Section V. This
information provided the basis for development of the BPT regula­
tory flow allowances summarized in Table IX-13. The following
paragraphs discuss the basis for the BPT flow allowances for each
waste stream.

Rolling

The following information was reported on rolling operations in
this subcategory:

Number of plants: 1
Number of operations using emulsion lubricant: 2.

Magnesium Rolling Spent Emulsions. The emulsions from both
operations are batch dumped and hauled off-site by a waste
contractor. The quantity of emulsion hauled was not reported for
either operation. Spent emulsions which are contract hauled off­
site typically receive some type of emulsion breaking (chemical
or thermal) and oil skimming treatment. After this treatment,
the water fraction is discharged and the oil fraction is either
sent to a reclaiming operation or landfilled directly. Since
spent emulsions are often treated on-site and the water,
discharged (with the oil fraction contract hauled), EPA is
allowing a discharge for this waste stream. The BPT flow has
been set equal to the BPT flow given for spent aluminum rolling
emulsions, 74.6 l/kkg (17.9 gal/ton). The Agency believes that,
because aluminum and magnesium have similar melting points and
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Surface Treatment

One plant
two forging
these opera­
based on the
operations,

Casting

Magnesium Forging Contact Cooling Water. One operation has no
water discharge due to 100 percent recycl~ and evaporation. The
BPT flow is the average of the two reported non-zero production
normalized discharge flows, 2,890 l/kkg (693 gal/ton).

Magnesium Forging Spent Lubr icants. ~'he OfA:.y .:_05G of lul:r,: icant
from any of the four operations is Lhrough drag-out on the
product surface. Consequently, there is no BPT discharge
allowance for forming spent lubricants. Since, magnesium forging
lubricants are not water based, they should be kept separate from
other process wastewater streams and there~;I)t:e, should not be
discharged.

Number of plants: 4
Number of plants and operations using lubri~anls: 3 pla~ts,

4 operations Number of plants and operations using contact
cooling water:
3 plants, 4 operations Number of equipment cleaning operations:
2.

Forging

The following information was reported on for01fig ope(ations in
this subcategory:

Magnesium Forging Equipment Cleaning Wastewater.
reported using water to clean equipment in its
operations. The equipment cleaning wastewater from
tions is not recycled. The BPT discharge allowance,
average production normalized water use from the two
is 39.9 l/kkg (9.59 gal/ton).

other metallurgical properties, similar antG,"".' Ls dt wast,:,: cmuL:;i.on
will be generated in rctling the two metals.

Three plants supplied information on mag~esium surface tceacm8nt
operations. Information was provided on the discharge of nine
surface treatment baths and on seven Stl~fb~~ Lr2~Lme~L ri~se

operations.

Ma9.g~.~!ll!TI Direc.t Chill Casting Conta~.~ ~~,j1.ll2.s.Water< One
nonferrous metals forming plant casts ma~n'2sium by ~J1e direct
chill method. The cooling water used in this operation is
completely recycled. Another plant has a direct chill casting
operat ion which is ::m integral part of :? :;;;:lgnf":.'sj '.:·n' Sinel. i: Lng and
refining (nonferrous metals manufactur1ng phd~e 1r) operaLion.
Once-through contact cooling water is discharged from this
operation. The BPT flow of 3,950 l/kkg (947 gal/ton) is based on
the production normalized water use for the nonferrous metals
manufacturing operation.



Magnesium Surface Treatment Spent Baths. An unreported amount cf
wastewater is contract hauled from two of the operations.
Wastewater discharge flows were reported for three of the remain­
ing seven operations. The BPT discharge allowance is the average_"
of production normalized discharge flow from three operations,
466 l/kkg (112 gal/ton).

Magnesium Surface Treatment Rinse. One operation uses 100
percent recycle with a periodic batch discharge of rinse. Of the
remaining six operations, two operations consist of single stage
overflow rinses with no recycle, two operations consist of a
spray rinse followed by an overflow rinse with no recycle, and
two operations consist of non-cascade sequential rinsing stages.
The average of the seven production normalized discharge flows is
the BPT flow, 18,900 l/kkg (4,520 gal/ton).

Sawing or Grinding

The use of emulsion lubricants was reported for a total of two
operations at two plants.

Magnesium Sawing or Grinding Spent Emulsions. One operation
achieves zero discharge by 100 percent recycle. Some emulsion
from this operation is lost due to evaporation and drag-out on
the product. In the other operation, the emulsion is recycled
with periodic batch discharges contract hauled to treatment and
disposal off-site. Since spent emulsions are often treated on­
site and the water discharged (with the oil fraction contract
hauled), EPA is allowing a discharge for this waste stream. The
BPT allowance has been set equal to the production normalized
discharge flow of contract hauled emulsion, 19.5 l/kkg (4.68
gal/ton) •

Degreasing

Magnesium Degreasing Spent Solvents. Only a small number of
surveyed plants with solvent degreasing operations have process
wastewater streams associated with the operation. Because most
plants practice solvent degreasing without wastewater discharge,
the Agency believes zero discharge of wastewater is a"n appropri­
ate discharge limitation.

Wet Air Pollution Control

Magnesium Wet Air Pollution Control Blowdown. Blowdown from the
wet air pollution control devices used to control air pollution
from forging, sanding and repairing, and surface treatment is
included under this building block. The Agency believes that the
water requirements for scrubbing air emissions from these areas
are similar. Three of the four operations practice 90 percent
recycle or greater of the scrubber liquor while no recycle is
used in the remaIning operation. Flow reduction is considere<i
BPT technology for wet air pollution control blowdown since three
of the four plants practice 90 perce~t or greater recycle.
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Therefore, the BPT flow of 619 l/kkg (148 gal/ton) is based on
the average production normalized discharge flow from the opera­
tions with 90 percent or greater recycle.

Regulated Pollutants

The priority pollutants considered fo~ regulation under 8PT are
listed in Section VI along with an explanation of why they were
considered. The only priority pollutants considered for regula­
tion in this subcategory are chromium and zinc. Chromium and
zinc are selected for regulation under BPT along with the noncon­
ventional pollutants ammonia and fluoride and the conventional
pollutant parameters total suspended solids, oil and grease, ahd
pH. The nonconventional pollutant, magnesium, is not specifi­
cally regulated under BPT for the reasons given in Section X. The
basis for regulating total suspended solids, oil and grease, and
pH under BPT was discussed earlier in this section. The basis
for regulating total chromium, zinc, amrnonia, and fluoride is
discussed below.

Total chromium is regulated since it includes both the hexavalent
and trivalent forms of chromium. Only the trivalent form is
removed by the lime and settle technology. Therefore, the
hexavalent form must be reduced by preliminary chromium reduction
treatment in order to meet the limitations on chromium in this
subcategory. Treatable chromium concentrations were found in
samples from surface treatment baths and rinses. Therefore,
regulation of total chromium is appropriate for this subcategory.

Zinc has been selected for ~egulation under BPT since it and
chromium are the predominant priority metals present in magnesium
forming wastewaters. The Agency believes that when these
parameters are controlled with the application of lime and settle
technology with preliminary treatment when needed, control of the
other toxic metals is assured.

Ammonia may be present at treatable concentrations in surface
treatment spent baths and surface treatment rinse. Therefore,
ammonia is selected for regulation in the magnesium forming
subcategory. Preliminary ammonia steam stripping treatment is
needed to remove this pollutant from these wastewaters.

Fluoride may also be present at treatable concentrations in
surface treatment bhths and surface treatment rinse. Therefore,
fluoride is selected for regulation in this subcategory.

Treatment 'frain

The BPT model treatment train for the magnesium forming subcate­
gory consists of preliminary treatment when necessary, specifi­
cally emulsion breaking and oil skimming, chromium reduction and
amnlonia steam stripping. The effluent from preliminary treatment
is combined with other wastewater for common treatment by oil
skimming and lime and settle. Waste streams potentially needing
preli qinary treatment are listeC in Tabl~ IX-2. Figure IX-l
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presents a schematic of the general BPT treatment train for the
nonferrous metals forming category.

Effluent Limitations

The pollutant mass discharge limitations (milligrams of pollutant
per off-kilogram of PNP) were c~lculated by multiplying the BPT
regulatory flows summarized in Table IX-13 (l/kkg) by the concen­
tration achievable by the BPT model treatment system summarized
in Table Vrr"':'21 (mg/l) for each pollutant parameter considered
for re,gulation at BPT (l/off-kkg x mg/l x 1 kkg/l,OOO kg =
mg/off-kg). The results of this computation for all waste
streams and regulated pollutants as 'well as magnesium. in the

.magnesium forming subcategory are summarized in Table IX-14.
Although no limitations have been established for magnesium,
Table IX-14 includes magnesium mass discharge limitations
attainable using the BPT model technology. These limitations are
presented for. the guidance of permit writers. Only daily maximum
limitations are presented, based on the detection limit for
magnesium (0.10 mg/l), because lime and settle treatment was
determined to remove magnesium to below the level of analytical
quantification. The attainable monthly average discharge is
expected to be lower than the one day maximum limitation~ but
since it would be impossiple to monitor for compliance with a
lower level, no monthly average has been presented.

The limitation table lists all the pollutants which were consid­
ered for regulation; those specifically regulated are marked with
an asterisk. .

Costs and Benefits
. .

In establishing BPT, EPA considered the cost of tr2atment and
control and the pollutant reduction benefits to evaluate economic
achievability. As shown in Table X-4 (page xxxx), the application
of BPT to the ,total magnesium forming subcategory will remove
approximately 33,570'kg/yr(73,855 lbs/yr) of poll~tants includ­
irig 16,900 kg/yt (37,180 lbs/yr) of toxic pollutants. As shown
in Table X-I (page xxxx), the corresponding capital and annual
costs (1982 dollars) for this removal are $218,000 and $146,000
per year, respectively. As shown in Table X-14 (page xxxx), the
application of BPT to direct dischargers only will remove approx­
imately 28,615 kg!yr (62,950 lbs/yr) of pollutants including
14,790 kg/yr (32,540 lbs!yr) of toxic pollutants. As shown in
Table x-i (page xxxx), the corresponding capital and annual costs
(1982 dollars). for this removal are $148,200 and $95,700 per
year, respectively. The Agency concludes that these pollutant
removals justify the costs incurred by the plants in this subcat­
egory.
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NICKEL-COBALT FORMING SUBCATEGORY

performed at 30 plants in the nickel-cobalt forming
The following information is available from these

Production operations which generate process wastewater in the
nickel-cobalt forming subcategory include rolling, tube reducing,
drawing, extrusion, forging, metal powder production, stationary
casting, vacuum melting, heat treatment, surface treatment,
cleaning, sawing, grinding, product testing, and degreasing.
Water use practices, wastewater streams and wastewater discharge
flows from these operations were discussed in Section V. This
information provided the basis for development of the 8PT regula­
tory flow allowances summarized in Table IX-15. The following
paragraphs discuss~he basis for the BPT flow allowances for each
waste stream.

Rolling

Production Operations and Discharge Flows

Nickel-Cobalt Rolling Spent Neat Oils. The neat oils in four of
the operations are consumed during the rolling operation, while
the neat oils in the other two operations are contract hauled.
Since neat oils are pure oil streams, with no water fraction, it
is better to remove the oil directly by contract hauling and not
to discharge the stream than to commingle the oil with water
streams and then remove it later using an oil-water separation
process. Consequently, this waste stream should not be
discharged.

Rolling is
subcategory.
plants:

Number of plants and operations using neat oil lubricant: 5
plants, 6 operations
Number of plants and operations using emulsion lubricant: 5
plants, 7 operations
Number of plants and operations using contact cooling water: 6
plants, 9 operations.
Approximately 15 plants reported no use of lubricants or contact
cooling water for their rolling operations.

Nickel-Cobalt Rolling Spent Emulsions. Spent rolling emulsions
are either treated o~-site or contract hauled for treatment and
disposal off-site. Production normalized discharge flows are
available for three of the seven rolling operations which use
spent emulsions. Spent emulsions from two of these operations
are treated on-site while emulsion from the third operation is
contract hauled. A BPT discharge allowance of 170 l/kkg (40.9
gal/ton) has been established for this stream since spent emul­
sion is sometimes treated on-site and the water discharged (with
the oil fraction contract haUled). The BPT flow is based on the
average of the three reported production normalized discharge
flows.



- ....Nickel-Cobalt Rolling Contact Cooling Water. Flow information
was available for eight of the nine rolling operations which use
contact cooling water. Two operations achieve zero discharge by
completely recycling the contact cooling water stream. No
information regarding the amount of water used in these opera­
tions was available. The other operations use widely varying
amounts of water for contact cooling. Production normalized
water uses for these operations vary from 72.8 to 43,400 l/kkg.
The BPT flow of 3,770 Ijkkg (905 gal/ton) is based on the median
of the six: reported production normalized cooling water uses.
The median is believed to be a better representation of the
current typical water use for this operation than the average
(arithmetic mean) because of the large range of reported produc­
tion normalized water uses.

Tube Reducing

Three plants. reported information on three tube reducing (also
referred to as pilgering) operations. Lubricants are used in
these operations.

Nickel-Cobalt Tube Reducing Spent Lubricant. There shall be no
discharge allowance for the discharge of pollutants . from tube
reducing spent lubricants if once each month for six: consecutive
months the facility owner or operator demonstrates the absence of
N-nitrosodi-n-propylamine, N-nitrosodimethylamine, and N­
nitrosodiphenylamine by sampling and analyzing spent tube
reducing lubricants. If the facility complies with this
requirement for six months then the frequency of sampling may be
reduced tq.once each quarter. A facility shall be considered in
compliance with this requirement if the concentrations of the
three nitrosamine compounds does not exceed the analytical
quantification levels set forth in 40 CFR Part 13fi which are
0.020 mg/l for N-nitrosodiphenylamine, 0.020 for N-nitrosodi-n­
propylamine, and 0.050 mg/l for N-nitrosodimethylamine.

Drawing

Drawing is performed at 32 plants in the nickel-cobalt forming
subcategory. The following information is available from these
plants:

Number of plants and operations using neat oil lubricant: 8
plants, 11 operations

Number of plants and operations using emulsion lubricant: 8
plants, 9 operations.
No lubricants were reported to be used at over 15 plants.

Nickel-Cobalt Drawing Spent Neat Oils. Neat oils from nine of
the 11 operations are contract hauled; the only loss of neat oil
from one operation is by evaporation and drag-out; no information
regarding spent neat oils is available for the other drawing
operation which uses a neat oil lubricant. As discussed previ­
ously for rolling spent neat oils, it is better to remove the
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Extrusion

heat

fluid

4
solution

hydraulic

Number of plants and operations using lubricants:
Number of plants and operations using press and
treatment contact cooling water: 2
Number of plants and operations recording
leakage: 1.

Nickel-Cobalt Drawing Spent Emulsions. Spent emulsions from
eight of the nine plants reporting the use ~f emulsion lubricants
are periodically contract hauled to treatment and disposal off­
site. One operation periodically discharges the spent emulsion.
Information sufficient to calculate production normalized
discharge flows was available for two of the operations which
haul the emulsion and the one which discharges it. As discussed
previously for drawing spent emulsions in the lead-tin-bismuth
forming subcategory, spent emulsions are often treated on-site
and the water discharged (with the oil fraction contract hauled)
by plants in this category and other categories. Therefore, the
BPT discharge allowance is the average of the three r~port~d

production normalized discharge flows, 95.4 l/kkg (22.9 gal/ton).

Extrusion is performed at eight plants in this subcategory. The
following information is available from these plants:

neat oils directly and not to discharge the stream than to
commingle the oil wit.! water streams and then remove it later.
Therefore, this waste stream should not be discharged.

Nickel-Cobalt Extrusion Press Hydraulic Fluid Leakage. Discharge
of hydr.aulic fluid leakage was reported from one extrusion
operation. The BP? discharge allowance of 232 l/kkg (55.6
gal/t011) is based on the production normalized discharge flow
from this operation.

Nickel-Cobalt Extrusion Press and Solution Heat Treatment Contact
COOIing Water. As discussed in Section- III, contact cooling
water is used in extrusion operations to accomplish a heat
treatment effect, either by spraying water onto the metal as it
emerges from the die n~ press, or by direct quenching in a water
bath. Contact cooli~g water in one of the operations is recycled
and periodically batch dumped; the other operation discharges
with no recycle. The average of the two reported production
normalized discharge flows is the BPT discharge allowance, 83.2
l/kkg (20.0 gal/ton).

Nickel-Cobalt Extrusion Spent Lubricants. Lubricants are com­
pletely recycled in all operations, with the only loss occurring
through evaporation and drag-out. The extrusion lubricants which
are used are typically neat oils. Since neat oils are pure oil
streams, with no water fraction, it is better to remove the oil
directly and not to discharge the stream than to commingle the
oil with water streams and then remove it later. Therefore, this
waste stream should not be discharged.
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Forging

The following information was reported on casting operations in
this subcategory:

One plant
leakage.
is based
leakage

Forging is performed at 31 plants in the nickel-cobalt forming
subcategory. The fo~lowing information is available from these
plants: '

Number of plants and operations using lubricants: 5 plants, 6
operations
Number of plants and operations using contact cooling water: 6
Number of. plants and, operations reporting hydraulic fluid
leakage: l
Number of equipment cleaning operations: 1 plant, 2 operations.
Approximately 20 dry forging operations were reported.

Casting

Total number of plants: 12

Number of plants and operations with stationary casting: 10
plants, 12 operations
Number using contact cooling water: 2
Number dry: 10

Nickel-Cobalt Forging Press Hydraulic Fluid Leakage.
reported a discharge of forging press hydraulic fluid
The BPT discharge allowance of 187 l/kkg (44.8 gal/ton)
on the production normalized discharge flow of hydraulic
from this operation.

Nickel-Cobalt Forging Spent'Lubricants. The lubricants from the
six operations are either contract hauled directly or only lost
through evaporation and drag-out. It is better to remove the
neat oil and graphite-based lubricants typically used in forging
operations from this subcategory and not to discharge the stream
than to commingle. the lubricants with other water streams and
then remove them later. Therefore, this waste stream should not
be discharged.

Nickel-Cobalt Forging Contact Cooling Water. Five 'of the six
plants that reported this waste stream provided flow information.
Four plants discharge the cooling water without any recycle while
one plant recycles over 95 percent of the water. The BPT dis­
charge of 474 l/kkg (114 gal/ton) is based on the average produc­
tion normalized water use for the five plants providing flow
information. .

Nickel-Cobalt Forging Equipment Cleaning Wastewater. One plant
reported using water to clean the equipment in its two forging'
operations. The BPT discharge allowance, based on the average of
the two production normalized water uses, is 40.0 l/kkg (9.57
gal/ton).



Number of plants and operations with vacuum melting and casting:
3
Number of plants with vacuum melting steam condensate: 2
Number dry: 1

Number of plants and operations with electroflux remelting: 2
Number dry: 2.

Nickel-Cobalt Stationary Casting Contact Cooling Water. Two
stationary casting operations use contact cooling water. In one
operation the cooling water is completely reused in other nonfer­
rous forming operations at the plant. The cooling water is not
recycled in the other operation but some is lost through evapora­
tion and drag-out. The BPT allowance of 12,100 l/kkg (2,900
gal/ton) is based on the average production normalized water use
for the two operations.

Nickel-Cobalt Vacuum Melting Steam Condensate. Information was
reported on two vacuum melting operations which generate a steam
condensate waste stream. In one operation the entire volume of
steam condensate is reused for surface treatment rinse. The
other operation recycles 98 percent of the steam condensate
through a cooling tower. Analysis of a sample of the bleed
stream from the cooling tower indicated that there are no pollu­
tants present above treatable concentrations. In fact, some
pollutants were found at concentrations lower than source water
concentrations. Vacuum melting steam condensate can, therefore,
be reused in the generation of steam for vacuum melting or in
other processes present at the forming plant. The feasibility of
reusing the condensate is demonstrated by the operation which
currently reuses the condensate for surface treatment rinse.
Therefore, since analysis of the condensate indicates that no
pollutants are present at treatable concentrations, and it is
current industry practice to reuse the condensate in other
forming operations, no allowance is provided for this stream.

Metal Powder Production

Metal powder production operations are performed at 15 plants.
Atomization wastewater is generated in a total of seven opera­
tions at six plants. No wastewater is generated from atomization
processes at nine plants.

Nickel-Cobalt Metal Powder Production Atomization Wastewater.
Production normalized discharge flows for this waste stream vary
widely from 1,280 Ijkkg to 75,300 l/kkg. The BPT flow allowance
of 2,620 l/kkg (629 gal/ton) is based on the median of seven
production normalized dischar.ge flows. Because of the large
range of production normalized discharge flows, the median is
believed to be a better representation of the current typical
water use for this operation than the average (arithmetic mean).
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Ammonia Rinse Treatment

Two plants reported using an ammonia rinse in a total of 3
operations.

Contact
plants.

Heat treatment operations are performed at 31 plants.
cooling water is used in a total of 22 operations at 17
No water is used at 14 plants.

Nickel-Cobalt Ammonia Rinse. All three operations are stagnant
rinses with batch discharges. The BPT flow of 14.8 l/kkg (3.54
gal/ton) is based on the average production normalized discharge
flow from the three operations.

Solution Heat Treatment

Nickel-Cobalt Surface Treatment Rinse. Thirty-three surface
treatment rinse operations were identified. Rinse from seven
operations is discharged to evaporation ponds or surface
impoundments, and rinse from two operations is contract hauled.
In one process, the rinse is treated and reused. The BPT flow of
23,600 l/kkg (5,640 gal/ton) is based on the average of the 24
production norma~ized water uses reported for this operation.

Nickel-Cobalt Annealing and solution Heat Treatment Contact
Cooling Water. No BPT discharge allowance is provided for this
stream. The zero discharge allowance is based on 100 percent
reuse of the wastewater, either as annealing contact cooling
water or in other processes present at the forming plants.
Analysis ~f a sample of this wastewater indicates that there are
no pollutants present above treatable concentrations and there­
fore, reuse is possible. Furthermore, three operations which use
annealing contact cooling water recycle all of the cooling water.
In one operation the cooling water is treated by oil skimming and
recycled to the cooling process. In two operations, the cooling
water is recycled without treatment.

Surface Treatment

Nickel-Cobalt Surface Treatment Spent Baths. A total of 39
surface treatment bath operations were identified. Spent baths
from six operations are discharged to evaporation ponds, baths
from 10 operations are contract hauled to treatment and disposal
off-site and 23 baths are discharged to either a POTW or surface
water. The BPT regulatory flow of 935 l/kkg (224 gal/ton) is
based on the average of the 24 reported production normaLized
flows. Information sufficient to calculate production normalized
flows was provided for 25 baths that are dischargeJ or contract
hauled.

Thirty plants provided information on surface treatment opera­
tions in the nickel-cobalt forming subcategory.



Alkaline Cleaning

Eighteen plants provided information on alkaline cleaning opera­
tions in the nickel-cobalt subcategory. The reported operations
include 23 baths and 22 rinses.

Nickel-Cobalt Alkaline Cleaning Spent Baths. Seven baths are
discharged to evaporation ponds or impoundments, and two are
contract hauled to treatment and disposal off-site. Flow data
were available for 15 baths. Production normalized discharge
flows for these baths vary from 1.2 l/kkg to 231 l/kkg. The BPT
flow of 33.9 l/kkg (8.13 gal/ton) is based on the median produc­
tion normalized discharge flow from the 15 baths. The median is
believed to be a better representation of, the current typical
flow for this operation than the average (arithmetic mean)
because of the large range of production normalized discharge
flows. The production normalized water use for a combined bath
and rinse was not included in the average'because the individual
discharges could not be ,discerned.

Nickel-Cobalt Alkaline Cleaning Rinse. Rinse from eight
operations is discharged to evaporation ponds, impoundments, or
applied to land. Rinse from one operation is treated and reused.
Water use data are available for a total of 12 alkaline cleaning
rinse operations. The BPT flow of 2,330 l/kkg (559 gal/ton) is
the average production normalized water use for 11 operations.
The production normalized water use for a combined bath and rinse
was not included in the average because the individual discharges
could not be discerned.

Molten Salt Treatment

Six plants reported using molten salt treatment in a total of
eight operations.

Nickel-Cobalt Molten Salt Rinse. The BPT flow for this stream is
8,440 l/kkg (2,020 gal/ton). This flow is the average production
normalized water use for six nonrecycled overflowing rinses. The
water uses for two stagnant rinses were not included in the
average because flow reduction through stagnant rinsing is
considered to be part of the BAT technology.

Sawing or Grinding

Twenty-one plants reported using emulsion lubricants in a total
of 25 sawing or grinding operatiofis. One rinse operation was
also reported.

Nickel-Cobalt Sawing or Grinding Spent Emulsions. Information
sufficient to calculate production normalized discharge flows was
reported for five operations.' The BPT flow allowance of 39.4
l/kkg (9.45 gal/ton) is based on the average production normal­
ized discharge flow from the five operations.

1574



Nickel-Cobalt Sawing ££ Grinding Rinse. One plant reported
generating this waste stream. The BPT regulatory flow of 1,810
l/kkg (435 gal/ton) is based on the production normalized dis­
charge flow from this plan~~

Steam Cleaning

Nickel-Cobalt Steam Cleaning Condensate. Two plants reported the
discharge of contact stearn condensate from product cleaning
operations. Neither plant recycles the condensate. Only one
plant reported information sufficient to calculate production
normalized flows. The BPT discharge allowance is the one
reported production normalized discharge flow, 30.1 l/kkg (7.22
gal/ton).

Product Testing

Nickel-Cobalt Hydrostatic Tube Testing and Ultrasonic Testing
Wastewater. The Agency believes that hydrostatic tube testing
and ultrasonic testing wastewater can be recycled or reused in
other processes present at the forming plant. Also, some plants
in this category discharge wastewater from these operations less
than once per year, which is effectively zero discharge. There­
fore, no allowance for the discharge of process wastewater
pollutants is provided for this stream.

Nickel-Cobalt Dye Penetrant Testing Wastewater. Three plants
reported generating wastewater from six dye penetrant testing
operatic)ns. Flow information was reported for two operations.
The BPT discharge allowance of 213 l/kkg (50.9 gal/ton) is the
average production' normalized discharge flow from the two opera­
tions.

Miscellaneous Wastewater

Nickel-Cobalt Miscellaneous Wastewater Sources. Some low volume
sources of wastewater were reported in dcps and observed during
the site and sampling visits. These include wastewater from
maintenance and cleanup. The Agency has determined that none of
the plants reporting these specific water uses discharge these
wastewaters to surface waters (directly or indirectly). However,
because the Agency believes this type of low volume periodic
discharge occurs at most plants, the Agency has combined these
individual wastewater sources under the term "miscellaneous
wastewater sources" and provided a BPT discharge allowance of 246
l/kkg (58.4 gal/ton).

Degreasing

Nickel-Cobalt Degreasing Spent Solvents. Only a small number of
surveyed plants with solvent degreasing operations indicated
having process wastewater streams associated with the operation.
Because most plants practice solvent degreasing without waste­
water discharge, the Agency believes zero discharge of wastewater.
is an appropriate discharge limitation.
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Wet Air Pollution ContLol

Nickel-Cobalt Wet Air Pollution Control Blowdown. Wet air
pollution control devices are used to control air emissions from
surface treatment operations, shot blasting, molten salt treat­
ment and rolling. Six plants reported achieving over 90 percent
recycle of the scrubber water. Therefore, the BPT discharge
allowance of 810 l/kkg (194 ~al/ton) is based on 90 percent
recycle of the average production normalized water use for six
operations since 90 percent recycle or greater is current typical
industry practice.

Electrocoating

Nickel-Cobalt Electrocoating Rinse. One plant reported
discharging electrocoating rinse. The BPT regulatory flow of
3,370 l/kkg (807 gal/ton) is based on the production normalized
discharge flow from this one plant.

Regulated Pollutants

The priority pollutants considered for regulation under HPT are
listed in Section VI along with an explanation of why they were
considered. The priority pollutants considered for regulation in
this subcategory are cadmium, chromium, copper, lead, nickel, and
zinc. Chromium and nickel are selected for regulation under BPT
along with fluoride, total suspended solids"oil and grease, and
pH. The priority pollutants cadmium, copper, lead, and :~inc a~e

not specifically regUlated under BPT for the reasons given in
Section X. The basis ~or regUlating total suspended solids, oil
and grease, and pH under BPT was discussed earlier in this
section. The basis for regulating total chromium, nickel, and
fluoride is discussed below.

Total chromium is regulated since it includes both hexavalent and
trivalent forms of chromium. Only the triva~ent form is removed
by the lime and settle technology. Therefore, the he:cavalent
form must be reduced by preliminary chromium reduction treatment
in order to meet the limitations on chromium in this subcategory.
Chromium was found at treatable concentrations in 71 of 90 raw
wastewater samples, and 16 of the 18 raw wastewater streams in
which it was analyz€c.

Nickel has been selected for regulation under BPT since it was
found at treatable concentrations in 81 of 90 raw wastewater
samples and because it is the metal being processed. Nickel was
present at treatable concentrations in 16 of the 18 raw waste­
water streams in which it was analyzed. The Agency believes that
when chromium and nickel are controlled with the application of
lime and settle technology and preliminary treatment when needed,
the control of other priority pollutants which may be present is
assured.

1576



Fluoride
wastewater
which it
regulation

was found at treatable concentrations in 21 of 89 raw
samples and in six of 18 raw wastewater streams in

was analyzed. Therefore, fluoride is selected for
under BPT.

Treatment Train

The BPT model treatment train for the nickel-cobalt forming
subcategory consists of preliminary treatment when necessary,
specifically emulsion breaking and oil skimming, and chromium
reduction. The effluent from preliminary treatment is combined
with other wastewater for common treatment by oil skimming and
lime and settle. Waste streams potentially needing preliminary
treatment are listed in Table IX-3. Figure IX-l presents a
schematic of the general BPT treatment train for the nonferrous
metals forming category.

Effluent Limitations

The pollutant mass discharge limitations (milligrams of pollutant
per off-kilogram of PNP) were calculated by multiplying the BPT
regulatory flows summarized in Table IX-IS (l/kkg) by the concen­
tration achievable by the BPT model treatment system summarized
in Table VII-2l (mg/l) for each pollutant parameter considered
for regulation at BPT (l/off-kkg x mg/l x 1 kkg/l,OOO kg =
mg/off-kg). The results of this computation for all waste
streams and regulated pollutants in the nickel-cobalt forming
subcategory are summarized in Table IX-16. This limitation table
lists all the pollutants which were considered for regulation;
those specifically regulated are marked with an asterisk.

Costs and Benefits

In establishing BPT, EPA must consider the cost of treatment and
control in relation to the effluent reduction benefits. BPT
costs and benefits are tabulated along with BAT costs and bene­
fits in Section X. As shown in Table X-S (page xxxx), the appli­
cation of BPT to the total nickel-cobalt forming subcategory will
remove approximately 729,230 kg/yr (1,604,300 Ibs/yr) of pollu­
tants including 9'9,570 kg/yr (219,050 Ibs/yr) of toxic metals.
As shown in Table X-I (page xxxx), the corresponding capital and
annual costs (1982 dollars) for this removal are $3.342 million
and $2.077 million per year, respectively. As shown in Table X­
IS (page xxxx), the application of BPT to direct dischargers only
will remove approximately 21,590 kg/yr (47,500 Ibs/yr) of
pollutants including 10,400 kg/yr (22,880 Ibs/yr) of toxic
metals. As shown in Table X-2 (page xxxx), the corresponding
capital and annual costs (1982 dollars) for this removal are
$392,000 and $186,000 per year, respectively. The Agency con­
cludes that these pollutant removals justify the costs incurred
by plants in this subcategory.
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PRECIOUS METALS FORMING SUBCATEGORY

Production Operations and Discharge Flows

Production operations that generate process wastewater in the
precious metals forming subcategory include rolling, drawing,
metal powder production, direct chill casting, shot casting,
stationary casting, semi-continuous and continuous casting, heat
treatment, surface treatment, alkaline cleaning, tumbling,
burnishing, sawing, grinding, pressure bonding, and degreasing.
The wet scrubbers used for air pollution control at some plants
are also a source of process wastewater. Water use practices,
wastewater streams and wastewater discharge flows from these
operations were discussed in Section V. This information pro­
vided the basis for development of the BPT regulatory flow
allowances summarized in Table IX-17. The following paragraphs
discuss the basis for the BPT flow allowances for each waste
stream.

Rolling

Rolling is performed at 33 plants in this subcategory. The
following information is available from these plants:

Number of plants and operations using neat oil lubricant: 2
Number of plants and operations using emulsion lubricant: 5
plants, 6 operations.
No lubricants were reported to be used at approximately 25
plants.

Precious Metals Rolling Spent Neat Oils. No discharge is the BPT
requirement for this waste stream. Spent neat oil is not
discharged from the two rolling operations ~here th~ use of neat
oil lubricants was reported. One operation achieves zero
discharge through recirculation with some loss due to drag-out on
the product. No information regarding how zero discharge is
achieved was reported for the other operation. Since neat oils
are pure oil streams, with no water fraction, it is better to
remove the oil directly by contract hauling and not to discharge
the stream than to commingle the ~oil with water streams and then
remove it later.

Precious Metals Rolling Spent Emulsions. Information sufficient
to calculate pr.oduction normalized flows was available for three
of the six operations where the use of emulsion lubricants was
reported. The BPT regulatory allowance of 77.1 l/kkg (18.5
gal/ton) is based on the average of the three production normal­
ized discharge flows. This regulatory flow incorporates recycle
with periodic discharge of spent emulsion since this is current
practice at the three plants supplying flow data for this waste­
water stream.
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Drawing

Drawing is performed at 25 precious metals forming plants. The
following information is available from these plants:

Number of plants and operations using neat oil lubricant: 1
Number of plants and operations using emulsion lubricant: 8
plants, 12 operations
Number of plants and operations using soap solutions: 2.
No lubricants are used at approximately 15 plants.

Precious Metals Drawing Spent Neat Oils. Neat oils are com­
pletely consumed in the one drawing process where neat oil
lubricants are used. As discussed previously, should a plant
need to dispose of these lubricants it is better to remove them
directly by contract hauling and not to discharge the stream.
Therefore, this stream should not be discharged.

Precious Metals Drawing Spent Emulsions. Drawing emulsions are
completely recycled with the only loss due to evaporation and
drag-out in three operations. Seven operations recycle the
emulsion with periodic batch discharges. The spent emulsion from
four of the seven operations is contract hauled to- treatment and
disposal off-site. The BPT regulatory flow of 47.5 l/kkg (11.4
gal/ton) is based on the average of five non-zero production
normalized discharge flows from operations where emulsion is
recycled with periodic batch discharges. The production normal­
ized discharge flow from one operation where no recycle is
practiced was not included in the BPT regulatory flow calculation
since once-through discQarge of spent emulsion is not indicative
of current industry practice.

Precious Metals Drawing Spent Soap Solutions. No di.scharge data
were provided on one operation and one operation was reported to
periodically discharge spent soap solution. The BPT discharge
allowance is the one reported ~alue, 3.12 l/kkg (0.748 gal/ton).

Metal Powder Production

Metal powder production operations are performed at eight plants.
Atomization wastewater is generated at one of these plants.

Precious Metals Metal Powder Production Atomization Wastewater.
The BPT discharge allowance, based on the one reported production
normalized discharge flow, is 6,680 l/kkg (1,600 gal/ton).

Casting

Casting is performed at 23 plants in the precious metals forming
subcategory. The following information is available from these
plants:
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Number of plants and operations with direct chLll casting using
contact cooling water: 3 plants, 4 operations
Number of plants and operations with shot casting using contact
cooling water: 1
Number of plants and operations with stationary casting using
contact cooling water: 5
Number of plants and operations with semi-continuous and
continuous casting using contact cooling water: 5.

Precious Metals Di£~ct Chill Casting ~£nta~~ Cooling Water. In
one reported direct chill casting operation the cooling water is
completely recycled with no discharge. The contact cooling water
is discharged from two operations on a once-through basis. The
BPT flow allowance of 10,800 l/kkg (2,590 gal/ton) is based on
the average production normalized water use from these two opera-.
tions. The production normalized water use from one operation
with an unreported discharge flow was not used in the BPT flow
calculation since it is nearly 10 times greater than the water
use for the other two discharging operations, and therefore not
indicative of current industry practice.

pr~cious Metals Shot Casting Contact Cooling Water. The BPT
regulatory flow allowance is the production normalized water use
from the one reported operation, 3,670 l/kkg (880 gal/ton).

Precious Metals Stationary Casti~~ Contact Cooling Water. Five
plants reported using contact cooling water to cool stationary
castings. One plant completely recycles this water, one prac­
tices 99.8 percent recycle, and one plant only discharges the
cooling water periodically. Water recycle practices were not
reported by the other two plants. No BPT discharge allowance is
provided for this waste stream. The zero discharge allowance is
based on practices currently in use at one plant in this subcate­
gory and in plants from several other subcategories in the
category which perform the same operation on other metals.

~recious Metals Semi-Continuous and fontinuous Casting Contact
~q~~~~ Wate~. ~wo plants completely recycle the cooling water
with no discharge. Flow data were reported fur one of the three
planes which discharge this stream. The BPT cegulatory allowance
is based on the one reported, non recycled production normalized
water use, 10,300 l/kkg (2,480 gal/ton).

Heat Treatment

Precious Met~~ Hea~ Treatment Contact Cooling ~ater. Eleven
plants reported using contact cooling water in a total of 20 heat
treatment operations. Contact cooling water is used in anneal­
ing, rolling, and extrusion heat treatment. The BPT regulatory
flow is based on the median of 12 reported production normalized
water uses, 4,170 l/kkg (1,000 gal/ton). The median is believed
to be a better representation of the current typical water use
for this operation than the average (arithmetic mean) because of
the large range of reported production normalized water uses (659
1/~' -, trJ 1 t •• 01)'1 l:~ I~,::) •
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Surface Treatment

1581

Precious Metals Alkaline" Cleaning Spent Baths. Production
normalizeo flow information is available for one bath. The BPT
regulatory flow of 60.0 l/kkg (14.4 gal/ton) is based on the
production normalized discharge flow from this bath.

18 Number of rinses treated and

Number of alkaline cleaning baths contract hauled or discharged:
8
Number of alkaline cleaning baths never discharged: 0

Number of alkaline cleaning rinses discharged: 7

Number of alkaline cleaning prebonding operations discharging
wastewater: 8.

Precious Metals Alkaline Cleaning Rinse. Flow data were
available for four alkaline cleaning rinse operations. No
recycle or other flow reduction techniques are used for any of
these operations. The BPT regulatory flow of 11,200 l/kkg (2,690
gal/ton) is based on the average production normalized water use
from the four operations.

Seventeen plants supplied information on surface treatment
operations. Wastewater is generated and discharged from these
operations as follows:

Number of baths contract hauled or discharged: 16
Number of baths never discharged: 4

Nine plants supplied information on alkaline cleaning operations.
Seven plants supplied information on alkaline cleaning prebonding
operations. Wastewater is generated and discharged from these
operations as follows:

Number of rinses discharged:
completely recycled: 1.

Precious Metals Surface Treatment Rinse. One rinse operation
uses two-stage countercurrent cascade rinsing and another
operation uses three-stage countercurrent cascade rinsing. The
BPT regulatory flow of 6,160 l/kkg (1,480 gal/ton) is based on
the average production normalized water use for seven noncascaded
rinse operations because flow reduction through cascade rinsing
is considered to be part of the BAT technology.

Alkaline Cleaning

Precious Metals Surface Treatment Spent Baths. No wastewater
discharge data were reported for 12 of the operations. The BPT
discharge allowance is the average of the four reported produc­
tion normalized discharge flows, 96.3 l/kkg (23.1 gal/ton).



Precious Metals Alkaline Cleaning Prebonding Wastewater. Flow
information is availaLle for all of the alkaline cleaning pre­
bonding operations. The BPT regulatory flow of 11,600 l/kkg
(2,770 gal/ton) is based on the median production normalized
water use for the eight operations. The median is believed to be
a better representation of the current typical water use for this
operation than the average (arithmetic mean) because of the large
range of reported production normalized water uses (10.2 l/kkg to
93,800 l/kkg).

Tumbling or Burnishing

Precious Metals Tumbling or Burnishing Wastewater. Flow informa­
tion was reported for two· tumbling operations and two burnishing
operations. No recycle is practiced for any of these operations.
The BPT flow allowance of 12,100 l/kkg (2,910 gal/ton) is based
on the average production normalized water use for the four
operations.

Sawing or Grinding

Precious Metals Sawing or Grinding Spent Neat Oils. Neat oil is
used as a lubricant in one grinding operation. The neat oil is
completely recycled with some loss due to evaporation and drag­
out. As previously discussed, since neat oils are pure oil
streams, with no water fraction, it is better to remove the oil
directly by contract hauling and not to discharge the stream than
to commingle the oil with water streams and then remove it later.
Therefore, the BPT flow allowance is zero.

Precious Metals Sawing or Grinding Spent Emulsions. An emulsion
lubricant is used in four operations. In each of the four
operations, the emulsion is recirculated with periodic discharges
contract hauled to treatment and disposal off-site. However, a
BPT regulatory flow has been established for this stream since
the spent emulsion could be treated on-site and the water frac­
tion discharged (with the oil fraction contract haUled). The 8PT
regulatory flow of 93.4 l/kkg (22.4 gal/ton) is based on the
median production normalized disoharge flow from the four opera­
tions. The median is believed to be a better representation of
the current typical water use for this operation than the average
(arithmetic mean) because of the large range of reported produc­
tion normalized discharge flows (3.17 l/kkg to 2,775 l/kkg).

Pressure Bonding

Precious Metals Pressure Bonding Contact Cooling Water. One
plant reported using contact cooling water after a pressure
bonding operation. The production normalized discharge flow from
this operation is the BPT regulatory flow, 83.5 l/kkg (20.0
gal/ton).
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Degreasing

Precious Metals Degreasing Spent Solvents. Only a small number
of surveyed plants with solvent degreasing operations have
process wastewater streams associated with the operation.
Because most plants practice solvent degreasing without waste­
water discharge, the Agency believes zero discharge of wastewater
is an appropriate discharge limitation.

Wet Air Pollution Control

Precious Metals Wet Air Pollution Control Blowdown. Wet air----pollution control devices are used to control air emissions from
two surface treatment operations and three casting operations.
The scrubber water is completely recycled with no discharge in
two operations, and a periodic discharge is contract hauled to
treatment and disposal off-site in a third operation. Since zero
discharge from wet air pollution devices is common practice in
this subcategory, no BPT flow allowance is provided for this
stream.

Deleted Waste Streams

Precious Metals Metal Powder Production Milling Wastewater. At
proposal, an allowance was written for metal powder production
milling wastewater. Upon re-examination of the information
available, it was determined that the operation upon which the
allowance was based is powder metallurgy part milling, not powder
milling. The discharge from this operation is covered by tum­
bling, burnishing wastewater allowance and its reported PNF has
been included in the calculation of the tumbling, burnishing
wastewater regulatory flow and discharge allowance.

Regulated Pollutants

The priority pollutants considered for regulation under BPT are
listed in Section VI along with an explanation of why they have
been considered. The pollutants selected for regulation under
BPT are cadmium, copper, lead, silver, cyanide, oil and grease,
total suspended solids and pH. The priority metal pollutants
chromium, nickel, and zinc, listed in Section VI are not
specifically regulated under BPT for the reasons explained in
Section X. The basis for regulating oil and grease, total
suspended solids and pH was discussed earlier in this section.
The basis for regulating cadmium, copper, lead, silver, and
cyanide is discussed below.

Cadmium is selected for regulation since it was found at treat­
able concentrations in 23 of 37 raw wastewater samples. Cadmium
was present at treatable concentrations in rolling spent emul­
sions, shot casting contact cooling water, semi-continuous and
continuous casting contact cooling water, heat treatment contact
cooling water, surface treatment spent baths, surface treatment
rinse, alkaline cleaning spent baths, alkaline cleaning
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Effluent Limitations

Treatment Train

treatable
Lead was

wastewater

prebonding wastewater, tumbling and burnishing wastewater, and
pressure bonding conta~t cooling water.

Copper is selected for regulation since it was found at treatable
concentrations in 32 of 37 raw wastewater samples. Copper was
found at treatable concentrations in all raw wastewater streams
in which it was analyzed. This includes all of the waste streams
where cadmium was found at treatable concentrations, and also
drawing spent emulsions.

Lead is selected for regulation since it was found at
concentrations in 25 of 37 raw wastewater samples.
found at treatable concentration in 11 of the 12 raw
streams in which it was analyzed.

The pollutant mass discharge limitations (milligrams of pollutant
per metric ton of PNP) were calculated by multiplying the BPT
regulatory flows summarized in Table IX-17 (ljkkg) by the concen­
tration achievable by the BPT model treatment system summarized
in Table VII-21 (mgjl) for each pollutant parameter considered
for regulation at BPT (ljoff-kkg x mgjl x 1 kkgjl,OOO kg =
mgjoff-kg). The results of this computation for all waste
streams and regulated pollutants in the precious metals forming
subcategory are summarized in Table IX-18. This limitation table
lists all the pollutants which were considered for regulation and
t L

•. ~pcciElcu~]y regulated ~re marked with an asterisk.

Silver is selected for regulation because it was found at treat­
able concentrations in 11 of 37 raw wastewater samples, it is a
toxic metal, and it is one of the metals formed in this subcate­
gory. Silver was found at treatable concentrations in rolling
spent emulsions, drawing spent emulsions, surface treatment spent
baths, surface treatment rinse, alkaline cleaning spent baths,
and tumbling, burnishing wastewater.

Cyanide is selected for regulation since it was found at treat­
able concentrations in alkaline cleaning prebonding wastewater
and semi-continuous and continuous casting contact cooling water.
Preliminary cyanide precipitation is needed to remove this
pollutant from wastewater. Therefore regulation of cyanide is
appropriate for this subcategory.

The BPT model treatment train for the precious metals forming
subcategory consists of preliminary treatment when necessary,
specifically chemical emulsion breaking and oil skimming, and
cyanide precipitation. The effluent from preliminary treatment
is combined with other wastewater for common treatment by oil
skimming and lime and settle. Waste streams potentially needing
preliminary treatment are listed in Table IX-4. Figure IX-l
presents a schematic of the general BPT treatment train for the
nonferrous metals forming category.



Costs and Benefits

In establ~shing BPT, EPA must consider the cost of treatment and
control 1n relation to the effluent reduction benefits. BPT
costs and benefits are tabulated along with BAT costs and bene­
fits in Section X. As shown in Table X-6 (page xxxx), the appli­
cation of BPT to the total precious metals forming subcategory
will remove approximately 12,635 kg/yr (27,800 Ibs/yr) of pollu­
tants including 110 kg/yr (242 Ibs/yr) of toxic metals. As shown
in Table X-I (page xxxx), the cor~esponding capital and annual
costs (1982 dollars) for this removal are $1.013 million and
$0.414 million per year, respectively. As shown in Table X-16
(page xxxx), the application of BPT to direct dischargers only
will remove approximately 2,875 kg/yr (6,325 Ibs/yr) of pollu­
tants including 21 kg/yr (46 Ibs/yr) of toxic metals. As shown
in Table X-2 (page xxxx), the corresponding capital and annual
costs (1982 dollars) for this removal are $226,000 and $98,000
per year, respectively. The Agency concludes that these pollu­
tant removals justify the costs incurred by plants in this
subcategory.

REFRACTORY METALS FORMING SUBCATEGORY

Production Operations and Discharge Flows

Production operations that generate process wastewater in the
refractory metals forming subcategory include rolling, drawing,
extrusion, forging, metal powder production, surface treatment,
alkaline cleaning, molten salt treatment, tumbling, burnishing,
sawing, grinding, product testing, equipment cleaning, degreasing
and a few miscellaneous operations. The wet scrubbers used for
air pollution control at some plants are also a source of process
wastewater. Water use practices, wastewater streams and waste­
water discharge flows from these operations were discussed in
Section V. This information provided the basis for development
of 'the BPT regulatory flow allowances summarized in Table IX-19.
The following paragraphs discuss the basis for the BPT flow
allowances for each waste stream.

Rolling

Rolling is performed at approximately 16 plants in the refractory
metals forming subcategory. The following information is avail­
able 'from these plants:

Number of plants and operations using neat oil or graphite-based
lubricants: 2
Numbe~ of plants and operations using emulsion lubricants: 1.
No lubricants are used at approximately 13 plants.

Refractory Metals Rolling Spent Neat Oils and Graphite Based
Lubricants. One operation uses a neat oil lubricant and, the
other operation uses a graphite-based lubricant. The lubricant
in both processes is completely recycled with some loss due to
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Drawing

this
these

performed at approximately seven plants in
The fcllmling information is available from

Refractory Metals Rolling Spent Emulsions. Spent emulsion in the
one rolling operation which uses an emulsified lubricant is
periodically batch dumped and contract hauled. As discussed
previously for rolling spent emulsions in the lead-tin-bismuth
forming subcategory, the spent emulsions are often treated on­
site and the water discharged (with the oil fraction contract
hauled) by plants in this category and other categories. There­
fore, the production normalized discharge flow from the one
operation is the BPT discharge allowance, 429 l/kkg (103
gal/ton) •

evaporation and drag-out. Should a plant find the need to
dispose these lubricants, it would be better to. remove the
lubricants directly by contract hauling and not to discharge the
stream rather than to combine the lubricants with water streams,
and remove them later. Therefore, rolling spent neat oils and
graphite-based lubricants should not be discharged.

Extrusion

Drawing is performed at approximately 16 refractory metals
forming plants. Six plants reported using lubricants in a total
of seven drawing operations.

Refractory Metals Extrusion Spent Lubricants. There are no
reported discharges of spent extrusion lubricants. Should a
plant need to dispose of these lubricants, it would be better to
remo p ", them directly by contract haulil'~ rather than to combine

Number of plants and operations using lubricants: 3
Number of plants and operations reporting hydraulic fluid
leakage: 1.
Four plants did not report the use of lubricants or hydraulic
fluid leakage from their extrusion operations.

Refractory Metals Drawing Spent Lubricants. No lubricant is
discharged from six of the seven drawing operations reporting the
use of lubricants. In four operations, the lubricant is com­
pletely recycled with some lubricant consumed or lost through
evaporation and drag-out. In the other zero discharge opera­
tions, the only losses are due to lub~icant being consumed and
burned off or through evaporation and drag-out. One operation
has no available water discharge data. The drawing lubricants
used include neat oils, graphite-based lubricants, and dry soap
lubricants. Should a plant find the need to dispose of these
lubricants, it would be better to remove them directly by con­
tract hauling and not to discharge the stream rather than to
combine the lubricants with water streams and remove them later.
Therefore, drawing spent lubricants should not be discharged.

Extrusion is
subcategory.
plants:
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Metal Powder Production

the lubricants with wastewater streams and remove them later.
Therefore, this waste stream should not be discharged.

Hydraulic Fluid Leakage.
fluid was observed at one
allowance is based on the
for this operation, 1,190

R~fractory Metals Forging Contact Cooling Water. Flow data were
provided for one operation. None of the contact cooling water' in
tills operation is recycled. The BPT discharge allowance is the'
production normalized water use from this one operation, 323
l/kkg (77.5 gal/ton).

Number of plants and operations generating metal powder
production wastewater: 3 plants,S operations
NUlnber of plants and operations generating floorwash wastewater:
i:.
No process wastewater is generated from metal powder production
operations at approximately 40 plants.

Metal powder production operations are performed at approximately
46 refractory metal forming plants. The following information is
available from these plants:

Refractory Metals Metal Powder Production Wastewater. None of
the operations practice any recycle of the metal powder produc­
tion wastewater. No wastewater is discharged from two operations
since it evaporates in drying operations. The BPT regulatory
flow of 281 l/kkg (67.3 gal/ton) is based on the median produc­
tion normalized water use for five operations which discharge.

,0'c-:g5 ~'? il"; performed at approximately 10 refractory metals
forming plants. The following information is available for these
plants:

Refractory Metals Extrusion Press
Leakage of extrusion press hydraulic
sG.l.1p:ud plant. The BPT discharge
t;>= :)c.uc~· ion normalized discharge' flow
l/kkg (2JS gal/ton).

Refractory Metals Forging Spent Lubricants. No lubricants are
discharged from the four operations for which lubricant was
reported. The only loss is due to evaporation and drag-out.
Should a plant find the need to dispose of these lubricants, it
would be better to remove the lubricants directly by contract
hauling and not to discharge the stream than to combine the
lubricants with wastewater streams and remove them later.
Therefore, this waste stream should not be discharged.

Number of plants and operatlons using lubricants: 3 plants, 4
oper C1, t ion8
Nu~be[ of plants and operations using contact cooling water: 2.
No lubricants or contact cooling water was reported to be used at
over five plants.

Forging



Surface Treatment

Alkaline Cleaning

Twelve plants supplied information on refractory metals surface
treatment operations.

of the
average
produc-

data were
practices

.i588

Refractory Metals Metal Powder Production !loorwash Wastewater.
The floorwash wastewater is completely recycled by one plant
while at the other plant the wastewater is contract hauled.
Since neither plant which generates the waste stream reported
discharging it, there shall be no discharge from this waste
stream.

Refractory Metals Metal Powder Pressing Spent Lubricants. The
one plant which reported'using metal powder pressing lubricants
achieves zero discharge of the lubricants through 100 percent
recycle. Therefore, the EPT flow allowance is zero.

The median is believed to be a better representation
current typical watet use for this operation than the
(arithmetic mean) because of the large range of reported
tion normalized water uses (37.1 l/kkg to 34,500 l/kkg).

Refr~~~ory Met~l~ Alkalin~ ~~~aning Rinse. Flow
avai I :'ble for 1 -; 1:' inse opera~;cna. No flow -reduction

Fourteen plants supplied information on alkaline cleaning opera­
tions. A total of 14 alkaline cleaning baths and 18 alkaline
cleaning rinses were reported.

Refractory Metals Surface Treatment Spent Baths. Flow data were
supplied for six of the 15 reported surface treatment baths. The
BPT regulatory flow of 389 l/kkg (93.3 gal/ton) is based on the
average production normalized discharge flow from the six opera­
tions.

Refracto~ Metals Alkaline Clean~ Spent Baths. Flow data were
available for three of the 14 reported alkaline cleaning baths.
The BPT regulatory flow of 334 l/kkg (80.2 gal/ton) is based on
the average production normalized discharge flow from the three
operations.

Refractory Metals Surface Treatment Rinse. Fourteen surface
treatment rinse operations were reported. Two-stage counter­
current cascade rinsing is practiced at two of the operations.
No flow reduction techniques were reported for the other 12
operations. Discharge data were available for the two
countercurrent cascade rinses and four non-cascaded rinse opera­
tions. The BPT flow of 121,000 l/kkg (29,100 gal/ton) is based
on the average production normalized water use from the four non­
cascaded rinse operations. The countercurrent cascade rinse
operations were not included in the flow calculation since
countercurrent cascade rinsing is a BAT technology, and does not
represent current typical water use for this operation.



(countercurrent cascade rinsing, recycle, etc.) were reported for
any of these operations. The BPT regulatory flow of 816,000
l/kkg (196,000 gal/ton) is based on the average production
normalized water use from the 11 operations.

Molten Salt Treatment

Refract~ry Metals Molten Salt Rinse. Five plants reported a
total of six molten salt rinse operations. No flow reduction
practices were reported for five of the operations. In one
operati~i. a decreased flow rate is used to significantly reduce
the discharge of molten salt rinse. Flow data were available for
five of the six operations. The BPT regulatory flow of 6,330
l/kkg (1,520 gal/ton) is based on the average production
normali?ed water use from the five operations.

Tumbling or Burnishing wastewater

Refractory Metals Tumbling or Burnishing Wastewater. Seven
plants reported generating wastewater from 10 tumbling and
burnishing operations. No flow reduction practices were reported
for any of these operations. Flow data were supplied for eight
of the operations. The BPT regulatory flow of ~2,500 l/kkg
(3~000 gal/ton) is .based on the median production normalized
water use from the eight operations. The median is believed to
be a better representation of the current typical water use for
this operation than the average because of the large range of
production normalized water uses (953 l/kkg to 666,000 l/kkg).

Sawing or Grinding

Thirteen plants reported generating wastewater from sawing or
grinding operations. The following information is available from
these plants:

Number of plants and operations using neat oil lubricant: 3
Number of plants and operations using emulsion lubricant: 8
plants, 16 operations
Number of plants and operations using contact cooling water: 5
plants, 8 operations
Number of plants and operations using a rinse: 2.

Refractory Metals Sawing or Grinding Spent~ Oils. No dis­
charge information was reported for one operatlon. Spent neat
oils are contract hauled to treatment and disposal off-site in
the other two operations. Since neat oils are pure oil streams,
with no water fraction, it is better to remove the oil directly
by contract hauling and not to discharge the stream than to
commingle the oil with water streams and remove it later.
Therefore, this waste stream should not be discharged.

Refractory Metals Sawing ££ Grinding Spent Emulsions. The spent
emulsions from six operations are contract hauled; emulsions are
completely recycled in one operation; the only loss of emulsions
from three operations is through drag-out or consumption.
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Discharge data were available for four operations. The average
production normalized discharge flow from the four operations is
the BPT discharge allowance, 297 l/kkg (71.1 gal/ton).

Refractory Metals Sawing or Grinding Contact Cooling Water. Zero
discharge is achieved in three operations through 100 percent
recycle; in one operation 80 percent of the cooling water is
recycled; in another operation cooling water is only periodically
discharged; no recycle is practiced in three operations. The BPT
regulatory flow of 24,300 l/kkg (5,820 gal/ton) is based on the
average production normalized water use from the four operations
where water use data were available.

Refractory Metals Sawing o·r Grinding Rinse. No recycle or other
flow reduction practices are used in either of the two reported
rinse operations. Flow data were provided for one operation.
The BPT flow of 135 l/kkg (32.5 gal/ton) is based on the
production normalized water use for this operation.

Product Testing

Refractory Metals Dye Penetrant Testing Wastewater. Wastewater
from a dye penetrant testing operation was observed at one
sampled plant. The BPT discharge allowance is the production
normalized discharge flow for this operation, 77.6 l/kkg (18.6_
gal/ton).

Equipment Cleaning

Refractory Metals Equipment Cleaning Wastewater. Three plants
reported generating wastewater from cleaning various equipment
such as spray driers, forging presses, ring rollers, tools, and
wet abrasive saw areas. A total of six equipment cleaning
operations were reported. In one operation, zero discharge is
achieved by completely recycling the cleaning wastewater. The
BPT regulatory flow of lu360 l/kkg (326 gal/ton) is based on the
median production normalized discharge flow from the six opera­
tions. The six production normalized discharge flows included in
the median calculation include five non-zero discharge flows and
the zero discharge flow from the operation practicing 100 percent
recycle. The median is believed to be a better representation of
the current typical water use for this operation than the average
because of the large range of production normalized discharge
flows (0 l/kk~ to 21,140 l/kkg).

Miscellaneous Wastewater

Refractory Metals Miscellaneous Wastewater. Miscellaneous
wastewater streams identified in this subcategory include waste­
water from a post oil coating dip rinse, a quench of extrusion
tools, and spent emulsions from grinding the stainless steel
rolls used in refractory metals rolling operations. The BPT
discharge allowance is 345 l/kkg (83.0 gal/ton), 10 percent of
the one reported production normalized discharge flow. This
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discharge is a free flowing tool quench which can be 90 percent
flow reduced by recycling it through a holding tank.

Degreasing

Refractory Metals Degreasing spent Solvents. Only a small number
of surveyed plants with solvent degreasing operations have
process wastewater streams associated with the operation.
Because most plants practice solvent degreasing without waste­
water discharge, the Agency believes zero discharge of wastewater
is an appropriate discharge limitation.

Wet Air Pollution Control

Refractory Metals Wet Air Pollution Control Scrubber Blowdown.
In this subcategory, wet air pollution control devices are used
to control air emissions from metal powder production, surface
treatment,· surface coating, and sawing and grinding operations.
The use of wet air pollution control devices was reported for a
total of nine operations. Scrubber water from one operation is
completely recycled with no discharge. In two other operations,
the discharge flow of scrubber water is reduced by recycling over
90 percent of the scrubber water. Water use data were available
for four operations. The BPT regulatory flow of 787 l/kkg (189
gal/ton) is based on 90 percent reduction of the average produc­
tion normalized water use from three of these operations. The
production normalized water use for one operation was over 175
times larger than the other values and was believed to be so
atypical of current typical water use that it was not included in
the regulatory flow calculation.

Deleted Waste Streams

Following proposal, the Agency received additional data and
conducted a review of all available data concerning wastewater
discharges. This review led to a reinterpretation of some data
reported prior to proposal. As a result, the following waste
streams included in the proposed regulation have been deleted
from the final regulation:

o Extrusion Heat Treatment Contact Cooling Water,
o Metal Powder Pressing Spent Lubricant,
o Casting Contact Cooling Water, and
o Post-Casting Wash Water.

Data included under these waste streams at proposal have been
reclassified under other waste streams in this subcategory as
appropriate.

Regulated Pollutants

The priority pollutants considered for regulation under BPT are
listed in Section VI along with an explanation of why they were
considered. The pollutants selected for regulation under BPT are
copper, nickel, fluoride, molybdenum, oil and grease, to~al
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suspended solids and pH. The priority pollutants chromium, lead,
silver, and zinc, and the nonconventional pollutants columbium,
tantalum, tungsten, and vanadium are not specifically regulated
under BPT for the reasons explained in section X. The basis for
regulating oil and grease, total suspended solids, and pH under
BPT was discussed earlier in this section. The basis for
regulating copper, nickel, fluoride, and molybdenum is discussed
below.

Copper is selected for regulation since it was found at treatable
concentrations in nine of 25 raw wastewater samples. Copper was
present at treatable concentrations in extrusion press hydraulic
fluid leakage, surface treatment spent baths, surface treatment
rinse, alkaline cleaning spent baths, tumbling and burnishing
wastewater, and sawing or grinding contact cooling water.

Nickel is selected for regulation since it was found at treatable
concentrations in 13 of 25 raw wastewater samples. Nickel was
found at treatable concentrations in all wastewater streams
listed in the previous paragraph for copper. It was' also present
at treatable concentrations in molten salt rinse and dye
penetrant testing wastewater.

Fluoride is selected for regulation since it was found at treat­
able concentrations in seven of 21 raw wastewater samples.
Fluoride was present at treatable concentrations in surface
treatment rinse, alkaline cleaning spent baths, molten salt
rinse, and wet air pollution control blowdown.

Molybdenum is selected for regulation since it was present at
treatable concentrations in five of 25 raw wastewater samples and
it is one of the metals formed in this subcategory. Molybdenum
is specifically regulated under BPT because it will not be
adequately removed by the technology (lime and settle) required
for the removal of the regulated priority metal pollutants,
copper and nickel. The addition of iron to a lime and settle
system (i.e., iron coprecipitation) is necessary for effective
removal of molybdenum. Regulation of priority metals only is not
sufficient to ensure the removal of molybdenum from refractory
metals forming wastewater.

Treatment Train

The BPT model. treatment train for the refractory metals forming
subcategory consists of preliminary treatment when necessary,
specifically chemical emulsion breaking and oil skimming. The
effluent from preliminary treatment is combined with other
wastewater for common oil skimming, iron coprecipitation, and
lime and settle treatment. Waste streams potentially needing
preliminary treatment are listed in Table IX-5. Figure IX-l
presents a schematic of the general BPT treatment train for the
nonferrous metals forming category.
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Effluent Limitations

The pollutant mass discharge limitations (milligrams of pollutant
per off-kilogram of PNP) were calculated by multiplying the BPT
regulatory flows summarized in Table IX-19 (l/kkg) by the concen­
tration achievable by the BPT model treatment system summarized
in Table VII-21 (mg/l) for each pollutant parameter considered
for regulation at BPT (l/kkg x mg/l x kkg/l,OOO kg = mg/off-kg).
The results of this computation for all waste streams and
regulated pollutants in the refractory metals forming subcategory
are summarized in Table IX-20. Although no limitations have been
established for columbium, tantalum, tungsten, and vanadium,
Table IX-20 includes mass. discharge limitations fpr these
pollutants which are attainable using the BPT model technology.
These limitations are presented for the guidance of permit
writers. Only daily maximum limitations are presented for
columbium, tantalum, and vanadium, based on the detection limits
of 0.12, 0.46, and 0.10 mg/l, respectively. Lime and settle
treatment was determined to remove these pollutants to below
their level of analytical quantification. The attainable monthly
average discharge is expected to be lower than the one-day
maximum limitation, but since it would be impossibl~ to monitor
for compliance with a lower level, no monthly average has been
presented.

The limitations table lists all the pollutants which were consid­
ered for regulation. Those specifically regulated are marked
with an asterisk.

Costs and Benefits

In establishing BPT, EPA must consider the cost of treatment and
control in relation to the effluent reduction benefits. BPT
costs and benefits are tabulated along with BAT costs and bene­
fits in Section X. As shown in Table X-7 (page xxxx), the appli­
cation of BPT to the total refractory metals forming subcategory
will remove approximately 183,300 kg/yr (403,260 Ibs/yr) of
pollutants including 54 kg/yr (119 Ibs/yr) of toxic metals. As
shown in Table X-I xxxx), the corresponding capital and annual
costs (1982 dollars) for this removal are $1.117 million and
$0.582 million per year, respectively. As shown in Table X-17
(page xxxx), the application of BPT to direct dischargers only
will remove approJcimately 24,220 kg/yr (53,285 Ibs/yr) of
pollutants. As shown in Table X-2 (page xxxx), the corresponding
capital and annual costs (1982 dollars) for this removal are
$87,000 and $44,000 per year, respectively. The Agency concludes
that these pollutant removals justify the costs incurred by
plants in this subcategory.

TITANIUM FORMING SUBCATEGORY

Production Operations and Discharge Flows

Production operations that generate process wastewater in the
titanium forming subcategory include rolling, drawing, extrusion,
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forging, tube reducing, heat treatment, surface treatment,
alkaline cleaning, molten salt treatment, tumbling, sawing,
grinding, product testing, degreasing and various miscellaneous
operations. The wet scrubbers used for air pollution control at
some plants are also a source of process wastewater. Water use
practices, wastewater streams, and wastewater discharge flows
from these operations were discussed in Section V. This informa­
tion provided the basis for development of the BPT regulatory
flow allowances summarized in Table IX-21. The following para­
graphs discuss the basis for the BPT flow allowances for each
waste stream.

Rolling

Rolling is performed at 16 plants in the titanium forming subcat­
egory. The following information is available from these plants~

Number of plants and operations using neat oil lubricant:
Number of plants and operations using contact cooling water:
No lubricants or contact cooling water were reported to be
at approximately 10 plants.

Titanium Rolling Spent Neat Oils. No neat oils are discharged
from either of the operations reporting the use of this lubri­
cant. As previously discussed, should a plant need to dispose of
this stream, it would be better to remove the neat oils directly
by contract hauling and not to discharge them than to commingle
the neat oils with wastewater streams and remove them later using
an oil-water separation process. Therefore, this waste stream
should not be discharged.

Titanium Rolling Contact Cooling Water. Reliable flow data were
only available for one of the four rolling operations which use
contact cooling water. No recycle is practiced in this opera­
tion. The BPT flow of 4,880 l/kkg (1,170 gal/ton) is based on
the production normalized water use for the operation.

Drawing

Drawing is performed at six titanium forming plants. Two plants
reported using neat oil lubricants in a total of two operations.
No lubricants were reported to be used at the other four plants.

Titanium Drawing Spent Neat Oils. Spent neat oils from both
operations reporting the use of this lubricant are contract
hauled to treatment and disposal off-site. It is better to
handle the neat oils in this manner rather than to commingle them
with wastewater streams and then remove them later us~ng an oil­
water separation process. Therefore, this waste stream should
not be discharged.

Extrusion

Extrusion is performed at nine plants in this subcategory. The
follcwing information is available from these plants:
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The fol10w~

Number of plants and operations using neat oil lubricant: 5
Number of plants and operations uS1ng emulsion lubricant: 1
Number of plants and operations with hydraulic fluid leakage: 1
Three plants did not report the use of 1ubric~nts or hydraulic
fluid leakage.

Titanium Extrusion Spent Neat Oils. Neat oils are not discharged
from any of the five extrusion operations using a neat oil
lubricant. The only loss of neat oil is through evaporation and
drag-out. Should a plant from these operations need to dispose
of this stream, it would be better to remove the neat oils
directly by contract hauling rather than to combine them with
wastewater streams and remove them later by oil-water separation.
Therefore, this waste stream should not be discharged.

Titanium Extrusion Spent Emulsions. One plant reported discharg­
ing spent emulsion lubricants from an extrusion operation. No
recycle of the emulsion is practiced in this operation. The BPT
regulatory flow of 71.9 l/kkg (17.2 gal/ton) is based on the
production normalized discharge flow from the operation.

Titanium Extrusion Press Hydraulic Fluid Leakage. The BPT
regulatory flow of 178 l/kkg (42.8 gal/ton) is based on the
production normalized discharge flow.from the only plant which
reported this stream.

Forging

Forging is performed at 32 titanium forming plants.
ing information is available from these plants:

Number of plants and operations using lubricants: 7 plants, 8
operations
Number of plants and operations using contact cooling water: 4
Number of plants and operations with equipment cleaning
wastewater: 1 plant, 2 operations
Number of plants and operations with hydraulic fluid leakage: 2.
Over 20 plants from this subcategory reported that no waste
streams were generated from forging operations.

Titanium Forging Spent Lubricants. The lubricants in seven of
the eight operations are consumed during forging and the lubri­
cants from the other operation are contract hauled. The forging
lubricants are typically neat oils. As discussed previously, it
is better to remove neat oils directly by contract hauling and
not to discharge the stream rather than to commingle them with
wastewater streams and then remove them later by oil-water
separation. Therefore, this waste stream should not be
discharged.

Titanium Forging Contact Cooling Water. Flow information is
available for three of the four forging operations which· use
contact cooling water. In one operation 95 percent of the
cooling water is recycled; no recycle is practiced for the other
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two operations. The BPT regulatory flow of 2,000 l/kkg (479
gal/ton) is based on th2 average production normalized water use
for the three operations.

Titanium Forging Equipment Cleaning Wastewater. No recycle is
practiced for either of the two reported equipment cleaning
operations. The BPT regulatory flow of 40.0 l/kkg (9.60 gal/ton)
is based on the average production normalized discharge flow from
the two operations.

Titanium Forging Press Hydraulic Fluid Leakage. Flow data are
available for one of the forging operations where hydraulic fluid
leakage was reported. The BPT regulatory flow of 1,010 l/kkg
(242 gal/ton) is based on the production normalized discharge
flow from this operation.

Tube Reducing

Titanium Tube Reducing Spent Lubricants. One of the lubricants
used in reducing titanium tubes is a neat oil. Sirice neat oils
contain no water, the Agency believes that it is better to haul
the oil directly and not to commingle it with wastewater streams
only to remove it later. Other titanium tube reducing lubricants
are emulsions. A tube reducing emulsion was sampled at a nickel
forming plant. Analysis of the sampled tube reducing lubricant
showed treatable concentrations of N-nitrosodiphenylamine, a
toxic organic pollutant with potentially carcinogenic properties.
If one nitrosamine compound is present in this wastewater source
then there are likely to be other compounds or other nitrosamine
compounds could be formed as this compound most likely was in the
presence of precursors, under the conditions created by the tube
reducing process. Therefore, there shall be no discharge of
titanium tube reducing lubricant.

Heat Treatment

Ten plants reported using contact cooling water in 10 heat
treatment operations.

Titanium Heat Treatment Contact Cooling Water. No BPT discharge
allowance--r5 provided for this stream. The zero discharge
allowance is based on 100 percent reuse of this wastewater,
either as heat treatment contact cooling water or in other
processes present at the titanium forming plant. Analysis of a
similar nickel forming waste stream, "Annealing and Solution Heat
Treatment Contact Cooling Water," indicated that the wastewater
did not contain any treatable concentrations of pollutants.
Therefore, reuse of the wastewater is possible. Furthermore,
reuse of nickel annealing and solution heat treatment contact
cooling water is demonstrated at three plants. Because titanium
heat treatment contact cooling water contains pollutants at
concentrations similar to nickel annealing and solution heat
treatment contact cooling water (since the processes are simi­
lar), there is no discharge allowance for titanium heat treatment
contact cooling based on the reuse of this wastewater stream.
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Surface Treatment

Twenty-one plants reported information on surface treatment
operations. A total of 32 surface treatment baths and 29 surface
treatment rinse operations were reported.

Titanium Surface Treatment Spent Baths. Flow data were available
for 21 baths which are either discharged or. contract hauled. The
BPT regulatory flow of 208 l/kkg (49.9 gal/ton) is based on the
median production normalized discharge flow of the 21 baths. The
median is believed to be a better representation of the current
discharge from this operation than the average because of the
large range of reported production normalized discharge flows
(1.71 l/kkg to 1,310 l/kkg).

Titanium Surface Treatment Rinse. Countercurrent cascade rinsing
is not pra.cticed in any of the rinse operations. In one
operation 40 percent of the rinse is recycled while rinsewater is
only periodically discharged from five operations. The BPT
regulatory flow of 29,200 l/kkg (7,000 gal/ton) is based on the
average of 16 of 19 reported production normalized rinse
application rates. Three reported values were riot used to
calculate the average because they are much larger than the other
values. Therefore, the Agency does not believe that these
outlying values are representative of current typical water use
for this operation.

Alkaline Cleaning

Six plants supplied information on alkaline cleaning operations.
All six plants discharge spent cleaning baths and rinse.

Titanium Alkaline Cleaning Spent Baths. Flow data were available
for seven of the eight reported baths. The BPT regulatory flow
of 240 l/kkg (57.5 gal/ton) is the median production normalized
discharge flow of the seven reported wastewater discharges. The
median is believed to be a better representation of the current
typical discharge for this operation than the average because of
the large range of reported production normalized discharge flows
(52.1 l/kkg to 9,810 l/kkg).

Titanium Alkaline Cleaning Rinse. Flow data were available for
six of the seven reported rinse operations. No recycle or other
flow reduction practices were used in any of these operations.
The BPT regulatory flow of 2,760 l/kkg (663 gal/ton) is based on
the median production normalized water use from four operations.
Two operations with very high flows were not included in the
calculation. Both of these very high flows came from operations
described as "Free-Flowing Rinses." Because this is the least
efficient type of rinsing, in terms of water use, the two
operations were excluded from the determination of current
typical practice used for the BPT allowance. The median· is
believed to be a better representation of the current typical
water use for this operation than the average (arithmetic mean)
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because of the large range of rinse flows even after excluding
the two high values (348 l/kkg to 82,300 l/kkg).

Molten Salt Treatment

Titanium Molten Salt Rinse. One plant reported generating rinse
from a molten salt treatment operation. The BPT regulatory flow
of 955 l/kkg (229 gal/ton) is based on the production normalized
discharge flow from this operation.

Tumbling

Titanium Tumbling Wastewater. One plant reported generating
wastewater from a titanium tumbling operation. The wastewater
from this operation is discharged on a once-through basis. The

BPT discharge flow of 790 l/kkg (189 gal/tori) is based on the
production normalized water use for this operation.

Sawing or Grinding

Thirteen plants reported generating wastewater from sawing or
grinding operations. The following information is available from
these plants:

Number of plants and operations using neat oil lubricant: 2
Number of plants and operations using emulsions and synthetic
coolants: 11 plants, 19 operations
Number of plants and operations using contact cooling water: 1.

Titanium Sawing or Grinding Spent Neat Oils. In one operation,
the only loss of neat oils occurs through evaporation and drag­
out. Spent neat oils from the other operation are contract
hauled to treatment and disposal off-site. It is better to
remove neat oils directly by contract hauling than to commingle
the oils with wastewater streams only to remove them later using
an oil-water separation process. Therefore, this waste stream
should not be discharged.

Titanium Sawing or Grinding Spent Emulsions and Synthetic Cool­
ants. In this subcategory, these lubricants are either
completely recycled with no discharge or recycled with periodic
batch discharges. The lubricants in four operations are com­
pletely recycled with no discharge. In four other operations the
only loss of lubricant is through evaporation and drag-out.
Lubricant is periodically dumped from seven operations. Flow
data were available for six of the operations which discharge
spent emulsions and synthetic coolants. Recycle with periodic
batch discharges is practiced in four of these operations while
no recycle is used for the other two operations. The BPT regula­
tory flow of 183 l/kkg (43.8 gal/ton) is based on the average
production normalized discharge flow from these six operations.
The four recycle operations were included in the calculation
since recycle is current typical industry practice.
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Titanium Sawing or Grinding Contact Cooling Water. The use of
contact cooling water was reported for only one operation.
Cooling water is discharged on a once-through basis from this
operation. The BPT regulatory flow of 4,760 l/kkg (1,140
gal/ton) is based on the production normalized water use for this
operation.

Product Testing

Titanium Dye Penetrant Testing Wastewater. Wastewater is gener­
atpd from six dye penetrant testing operations. Flow data are
available for two of these operations. The BPT regulatory flow
of 1,120 l/kkg (268 gal/ton) is based on the average production
normalized discharge flow from these two operations.

Miscellaneous Wastewater Sources

Titanium Miscellaneous Wastewa.ter Sources. Miscellaneous waste­
water sources identified in this subcategory include wastewater
from cleaning tools, hydrotesting wastewater, and spillage from
an ab~asive saw area. Discharge data were only available for the
tool cleaning and hydrotesting operations. The BPT regulatory
flow of 32.4 l/kkg (7.77 gal/ton) is based on the- production
normalized discharge flow from the tool cleaning operation.
Hydrotesting wastewater is not included in the basis because the
Agency believes that hydrotesting wastewater should not be
discharged, but should be reused for hydrotesting or other
forming operations.

Degreasing

Titanium Degreasing Spent Solvents. Only a small number ~f

surveyed plants with solvent degreasing operations have process
wastewater streams associated with the operation. Because most
plants practice solvent degreasing without wastewater discharge,
the Agency believes zero discharge of wastewater is an appropri­
ate discharge limitation.

Wet Air Pollution Control

Titanium Wet Air Pollution Control Blowdown. Titanium forming
plants reported using wet air pollution control devices to
control air emissions from forging and surface treatment opera­
tions. Ninety percent or greater recycle of the scrubber water
is practiced by five of the 14 reported operations and only
periodic batch discharges were reported for another operation.
Scrubber water is discharged on a once-through basis from five
operations. No flow data are available for the remaining three
operations. The BPT regulatory flow of 2,140 l/kkg (514 gal/ton)
is based on the median production normalized water use from the
11 operations for which water use data were available. The
median is believed to be a better representation of the current
typical water use than the average (arithmetic mean) because of
the large range of production normalized water uses from the 11
operations (88.1 l/kkg to 554,000 l/kkg).
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L600

Deleted Waste Streams

treatable
Zinc was

eight raw

Titanium~ Rolling Spent L~bricants. Following proposal, the
Agency rece1ved additional data and conducted a review of all
available data concerning wastewater discharges in this subcate­
gory. This review led to a reinterpretation of some data
reported prior to proposal. As a result, the Cold Rolling Spent
Lubricant waste stream included in the proposed regulation for
this subcategory has been deleted from the final regulation. All
data included under Cold Rolling Spent Lubricants at proposal,
have been reclassified under other waste streams in this subcate­
gory for the final regulation.

Regulated Pollutants

Zinc is selected for regulation since it was found at
<:oncentrations in 10 of 21 raw wastewater samples.
present at treatable concentrations in seven of the
wastewater streams in which it was analyzed.

Cyanide is selected for regulation since it was found at treat­
able concentrations in rolling contact cooling water, tumbling
wastewater, dye penetrant testing wastewater, and sawing or
grinding spent emulsions and synthetic coolants. Preliminary
cyanide precipitation is needed to remove this pollutant from
wastewater. Therefore, regulation of cyanide is appropriate for
the titanium forming subcategory.

The priority pollutants considered for regulation under BPT are
listed in Section VI along with an explanation of why they have
been considered. The pollutants selected for regulation under
BPT are lead, zinc, cyanide, ammonia, fluoride, oil and grease,
total suspended solids, and pH. The priority metals chromium,
copper, and nickel, and the nonconventional pollutant titanium
are not specifically regulated under BPT for the reasons
explained in Section X. The basis for regulating oil and grease,
total suspended solids and pH under BPT was discussed earlier in
this section. The basis for regulating lead, zinc, cyanide,
ammonia, and fluoride is discussed below.

Lead is selected for regulation since it was found at treatable
concentrations in 18 of 21 raw wastewater samples. Lead was
present at treatable concentrations in all raw wastewater streams
in which it was analyzed. These streams are rolling contact
cooling water, surface treatment spent baths, surface treatment
rinse, molten salt rinse, tumbling wastewater, dye penetrant
tenting wastewater, wet air pollution control blowdown and sawing
or grinding spent emulsions and synthetic coolants.

Ammonia is selected for regulation since it was found at treat­
able concentrations in surface treatment rinse and tumbling
wastewater. Preliminary ammonia steam stripping is needed to
remove ammonia from these wastewaters. Therefore, regulation of
~mmonia ifi appropriate for the titanium forming subcategory.



Fluoride is selected for regulation since it was found at treat­
ab!e concentrations in 17 of 22 raw wastewater samples and seven
of the eight raw wastewater streams in which it was analyzed.

Treatment Train

The BPT model treatment train for the titanium forming subcate­
gory consists of preliminary treatment when necessary, specifi­
cally chemical emulsion breaking and oil skimming, cyanide
precipitation, and ammonia stearn stripping. The effluent from
preliminary treatment is combined with other wastewater for
common treatment by oil skimming and lime and settle. Waste
streams potentially needing preliminary treatment are listed in

Table IX-G. Figure IX-l presents a schematic of the general
treatment train for the nonferrous metals forming category.

Effluent Limitations

The pollutant mass discharge limitations (milligrams of pollutant
per off-kilogram of PNP) were calculated by multiplying the BPT
regulatory flows summarized in Table IX-21 (l/kkg) .by the concen­
tration aChievable by the BPT model treatment system summarized
in Table VII-21 (mg/l) for each pollutant parameter considered
for regulation at BPT (l/kkg x rng/l x kkg/l,OOO kg = mg/off-kg).
The results of this computation for all waste streams and regu­
lated pollutants in the titanium forming subcategory are summa­
rized in Table IX-22. Although no limitations have been
established for titanium, Table IX-22 includes titanium mass
discharge limitations attainable using the BPT model technology.
These limitations are presented as guidance for permit writers.
This limitation table lists all the pollutants which were consid­
ered for regulation. Those specifically regulated are marked
with an asterisk.

Costs and Benefits

In establishing BPT, EPA must consider the cost of treatment and
control ln relation to the effluent reduction' benefits. BPT
costs and benefits are tabulated along with BAT costs and bene­
fits in Section X. As shown in Table X-8 (page xxxx), the appli­
cation of BPT to the total titanium forming subcategory will
remove approximately 350,650kg/yr (771,430 Ibs/yr) of pollu­
tants, including 300 kg/yr (660 lbs/yr) of toxic metals. As
shown in Table X-I, the corresponding capital and annual costs
(1982 dollars) for this removal are $2.879 million and $2.571
million per year, respectively. As shown in Table X-IS (page
xxxx), the application of BPT to direct dischargers only will
remove approximately 105,460 kg/yr (232,010 Ibs/yr) of pollutants
including 90 kg/yr (200 lbs/yr) of toxic metals. As shown in
Table X-2 (page xxxx), the corresponding capital and annual costs
(1982 dollars) for this removal are $2.238 million and .$2.261
million per year, respectively. The Agency concludes that these
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pollutant removals justify the costs incurred by plants in this
subcategory.

URANIUM FORMING SUBCATEGORY

Production Operations and Discharge Flows

Production operations that generate process wastewater in the
uranium forming subcategory include extrusion, forging, heat
treatment, surface treatment, sawing, grinding, area cleaning,
drum washing, on-site laundries, and degreasing. The wet scrub­
bers used for air pollution control at some plants are also a
source of process wastewater. Water use practices, wastewater
streams, and wastewater discharge flows from these operations
were discussed in Section V. This information provided the basis
for development of the BPT regulatory flow allowances summarized
in Table IX-23. The following paragraphs discuss the basis for
the BPT flow allowances for each waste stream.

Extrusion

Extrusion is performed at one uranium forming plant. The follow­
ing information was reported on extrusion operations by this
plant:

Number of operations: 1
Number of operations using lubricants: 1
Number of operations using contact cooling water: 1.

Uranium Extrusion Spent Lubricants. No lubricants are discharged
from the one uranium extrusion operation where their use was
reported. Extrusion lubricants are typically neat oils. Should
a uranium forming plant need to dispose of a spent neat oil
stream, it would be better to remove the str.eam directly by
contract hauling rather than to commingle the oil with wastewater
streams only to remove it later using an oil-water separation
process. Therefore, this waste stream should not be discharged.

Uranium Extrusion Tool Contact Cooling Water. One plant reported
using contact cooling water to quench extrusion tools. No
recycle is practiced for this operation. The BPT discharge
allowance is the production normalized water use from the opera­
tion, 344 l/k~g (82.5 gal/ton).

Forging

The following information was reported on forging operations in
this subcategory:

Number of plants: 1
Number of operations: 1
Number of operations using lubricants: 1.
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Uranium Forging Spent Lubricants. No lubricants are discharged
from the only reported forging operation. The only loss of
lubricant from this operation is due to evaporation and drag-out.
Forging lubricants are typically neat Oils. As previously
discussed, should a plant need to dispose of the oil, it would be
better to remove the oil directly by contract hauling rather than
to commingle it with other wastewaters only to remove it later
using an oil-water separation process. Therefore, this waste
stream should not be discharged.

Heat Treatment

Two plants reported using contact cooling water in a total of
five heat treatment operations.

Uranium Heat Treatment Contact Cooling Water. In ·three opera­
tions, the cooling water is periodically batch discharged. The
cooling water is discharged on a once-through basis from two
operations. The BPT regulatory flow of 1,900 l/kkg (455 gal/ton)
is based on the average production normalized water use from
these two operations.

Surface Treatment

All three uranium forming plants provided information on surface
treatment operations. Three surface treatment baths and two
surface treatment rinse operations were reported.

uranium Surface Treatment Spent Baths. Flow data were available
for one of the three surface treatment bath operations. The BPT
regulatory flow of 27.2 l/kkg (6.52 gal/ton) is based on the
production normalized discharge flow from this bath.

Uranium Surface Treatment Rinse. Flow data were available for
each of the two reported rinse operations. Although neither
countercurrent cascade rinsing nor recycle is practiced in either
rinse operation, water use for both operations is low, indicating
conservative water use. The BFT regulatory flow of 337 l/kkg
(80.9 gal/ton) is based on the average production normalized
discharge flow from the two operations.

Sawing or Grinding

Uranium Sawing 2£ Grinding Spent Emulsions. Lubricating emul­
sions are used in three operations. In all three operations,
spent emulsions are periodically discharged. Discharge flow data
were available for two of the operations. The BFT regulatory
flow of 5.68 l/kkg (1.36 gal/ton) is based on the average produc­
tion normalized discharge flow from the two operations.

Uranium Sawing or Grinding Contact Cooling Water. One plant
reported using contact cooling water to quench parts following a
shear cutting operation. No information on recycle or othe~ flow
reduction practices was reported for this operation. The BPT
regulatory flow of 1,650 l/kkg (395 gal/ton) is based on the
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production normalized discharge flow from the quenching opera­
tion.

Uranium Sawing or Grinding Rinse. One plant reported using a
stagnant rinse after a sawing operation. The stagnant rinse is
periodically discharged. The BPT regulatory flow is the produc­
tion normalized discharge flow from the stagnant rinse, 4.65
l/kkg (1.12 gal/ton).

Area Cleaning

Uranium Area Cleaning Wastewater. One plant reported discharging
wastewater--from cleanup operations in three different areas of
the plant. The BPT regulatory flow of 42.9 l/kkg (10.3 gal/ton)
is based on the average production normalized discharge flow from
the three cleanup operations.

Degreasing

Uranium Degreasin9 Spent Solvents. Only a small number of
surveyed plants with solvent degreasing operations have process
wastewater streams associated with the operation. Because most
plants practice solvent degreasing without wastewater discharge,
the Agency believes zero discharge of wastewater is an appropri­
ate discharge limitation.

Wet Air Pollution Control

Uranium Wet Air Pollution Control Blowdown. Two plants reported
using wet air pollution control scrubber devices to control air
emissions from surface treatment operations. No wastewater is
discharged from one scrubber operation. Wastewater is only
periodically discharged from the other operation. The BPT
regulatory flow of 3.49 l/kkg (0.836 gal/ton) is based on the
production normalized discharge flow from this operation.

Drum Wash

Uraniu~ Drum Washwater. One plant reported washing solid waste
drums before they were contract hauled to off-site disposal. The
BPT regulatory flow of 44.3 l/kkg (10.6 gal/ton) is based on the
production normalized discharge flow from this operation.

Laundry

Uranium Laundry Washwater. Wastewater from the on-site launder­
ing of employee uniforms is generated at one plant. The Agency
established the normalizing parameter for this building block as
~he number of employees, not a unit of production. . The BPT
regulatory flow of 52.4 l/employee-day (12.6 gal/employee-day) is
based on the water use for the one reported operation.
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~egulated Pollutants

The priority pollutants considered for regulation under BPT are
listed in Section VI along with an explanation of why they have
been considered. The pollutants selected for regulation under
BPT are cadmium, total chromium, copper, nickel, fluoride,
molybdenum, oil and grease, total suspended solids, and pH. The
priority pollutants lead and zinc, and the nonconventional
pollutants uranium and radium-226 are not specifically regulated
for the reasons explained in Section X. The basis for regulating
oil and grease, total suspended solids, and pH under BPT was
discussed earlier in this section. The basis for regulating
cadmium, chromium, copper, nickel, fluoride, and molybdenum is
discussed below.

Cadmium is selected for regulation since it was found at treat­
able concentrations in seven of 14 raw wastewater samples and
four of the eight raw wastewater streams in which it was ana­
lyzed. Treatable concentrations of cadmium were found in surface
treatment spent baths, surface treatment rinse, area cleaning
wastewater and sawing, grinding spent emulsions.

Total chromium is selected for regulation since it was present at
treatable concentrations in seven of 14 raw wastewater samples
and five of the eight raw wastewater streams in which it was
analyzed. Treatable concentrations of total chromium were found
in heat treatment contact cooling water, surface treatment spent
baths, surface treatment rinse, area cleaning wastewater and
sawing or grinding spent emulsions. Total chromium includes both
the trivalent and hexavalent forms of chromium. Only the tri­
valent form is effectively removed by lime and settle technology.
Hexavalent chromium, which may be present in wastewaters such as
surface treatment spent baths and surface treatment rinse, must
be reduced to the trivalent form by preliminary chromium
reduction treatment in order to meet the limitation -on total
chromium in this subcategory. Therefore, regulation of total
chromium is appropriate for the uranium forming subcategory.

Copper is selected for regulation since it was found at treatable
concentrations in 10 of 14 raw wastewater samples and six of the
eight raw wastewater streams in which it was analyzed. Copper
was found at treatable concentrations in all of the waste streams
listed in the previous paragraph for chromium, and it wa~ also
present at treatable concentrations in drum washwater.

Lead is selected for regulation since it was found at treatable
concentrations in 13 of 14 raw wastewater samples and seven of
the eight raw wastewater streams in which it was analyzed. Lead
was found at treatable concentrations in all of the waste streams
listed in the previous paragraph for chromium, and it was also
present at treatable concentrations in drum washwater and surface
treatment wet air pollution control blowdown.

Nickel is selected for regulation since it was found at treatable
concentrations in eight of 14 raw wastewater samples and four of
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the eight raw wastewater streams in which it was analyzed.
Treatable concentrations of nickel were present in heat treatment
contact cooling water, surface treatment spent baths, surface
treatment rinse, and area cleaning wastewater.

Fluoride is selected for regulation since it was present at
treatable concentrations in one of 14 raw wastewater samples and
one of eight raw wastewater streams in which it was analyzed.
Fluoride is specifically regulated under BPT because it will not
be adequately removed by the technology (lime and settle)
required for the removal of the regulated priority metals pollu­
tants, copper and nickel.

Molybdenum is selected for regulation since it was present at
treatable concentrations in three of 14 raw wastewater samples
and two of the eight raw wastewater streams in which it was.
analyzed. Molybdenum is specifically regulated under BPT because
it will not be adequately removed by the technology (lime and
settle) required for the removal of the regulated priority metal
pollutants, copper and nickel. The addition of iron to a lime
and settle system (i.e., iron coprecipitation) is necessary for
efficient removal of molybdenum. Regulation of priority metals
only is not sufficient to ensure the removal of molybdenum from
uranium forming wastewater.

Treatment Train

The BPT model treatment train for the uranium forming sUbcategory
consists of preliminary treatment when necessary, specifically
chromium reduction, and chemical emulsion breaking and oil
skimming. The effluent from preliminary treatment is combined
with other wastewater for common treatment by oil skimming, iron
coprecipitation, and lime and settle. Waste streams potentially
needing preliminary treatment are listed in Table IX-7. Figure
IX-I presents a schematic of the general BPT treatment train for
the nonferrous metals forming category.

Effluent Limitations

The pollutant mass discharge limitations (milligrams of pollutant
per off-kilogram of PNP) were calculated by mUltiplying the BPT
regulatory flows summarized in Table IX-23 (l/kkg) by the concen­
tration achievable by the BPT model treatment system summarized
in Table VII-2l (mg/l) for each pollutant parameter considered
for regulation· at BPT (l/kkg x mg/l x kkg/l,OOO kg = mg/off-kg).
The results of this computation for all waste streams and regu­
lated pollutants in the uranium forming subcategory are summa­
rized in Table IX-24. Although no limitations have been
established for uranium, Table IX-24 includes uranium mass
discharge limitations attainable using the BPT model technology.
These limitations are presented for the guidance of permit
writers. The limitations table lists all the pollutants which
were considered for regulation. Those specifically regulated are
marked with an asterisk.
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Costs and Benefits

ZINC FORMING SUBCATEGORY

1
3
1

The following

of plants and operations using neat oil lubricant:
of plants and operations using emulsion lubricant:
of plants and operations using contact cooling water:

2 operations.

Rolling is performed at four zinc forming plants.
information is available from these plants:

Number
Number
Number
plant,

Production Operations and Discharge Flows

In establishing BPT, EPA must consider the cost of treatment and
control and the pollutant reduction benefits to evaluate economic
achievability. As shown in Table X-9 (page xxxx), the application
of BPT to the total uranium forming subcategory will remove
approximately 23,100 kg/yr (50,820 lbs/yr) of pollutants includ­
ing 46 kg/yr (100 lbs/yr) of toxic pollutants. The application
of BPT to direct dischargers will remove the same amount of
pollutants since all uranium forming plants are direct discharg­
ers. Since there are only two plants in this subcategory, total
subcategory and direct discharger capital and annual costs will
not be reported in this document in order to protect confidenti­
ality claims. The Agency concludes that the pollutant removals
justify the costs incurred by plants in this subcategory.

Rolling

Zinc Rolling Spent Neat Oils. The one rolling operation that
uses a neat oil lubricant does not discharge any of the lubri­
cant. Drag-out on the product surface accounts for the only
loss. Should the plant ever need to dispose the neat oil, it
would be better to remove the oil directly by contract hauling
and not to discharge the stream. Therefore, this waste stream
should not be discharged.

Zinc Rolling Spent Emulsions. The spent emulsion from one of the
three operations is applied to land; the spent emulsion from
another operation is contract hauled; and the spent emulsion from
the third operation is treated on-site and the water fraction is
completely reused. As discussed previously for rolling spent
emulsions in the lead-tin-bismuth forming subcategory, spent

Production operations that generate process wastewater in the
zinc forming subcategory include rolling, drawing, direct chill
casting, stationary casting, annealing heat treatment, surface
treatment, alkaline Cleaning, sawing, grinding, degreasing, and
electroplating. Water use practices,' wastewater streams, and
wastewater discharge flows from these operations were discussed
in Section V. This information provided the basis for develop­
ment of the BPT regulatory flow allowances summarized in Table
IX-25. The following paragraphs di~cuss the basis for the BPT
flow allowances for each, waste stream.
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Drawing

The contact
evaporated.

The following

Drawing is performed at seven plants in this subcategory. Four
plants reported the use of emulsion lubricants in a total of four
drawing operations.

Zinc Rolling Contact Cooling Water. Flow data were available for
two of the three rolling operations where the use of contact
cooling water was reported. Contact cooling water is discharged
on a once-through basis from both operations. The BPT regulatory
flow of 536 l/kkg (129 gal/ton) is based on the average produc­
tion normalized water use from the two operations.

Heat Treatment

Casting is performed at six zinc forming plants.
information is available from these plants:

Zinc Drawing Spent Emulsions. The spent emulsion from two of the
four operations is contract hauled and the spent emulsion from
two operations is treated on-site and the water fraction is dis­
charged. Flow data were available for one of the four opera­
tions. The BPT regulatory flow of 5.80 l/kkg (1.39 gal/ton) is
based on the production normalized discharge flow from this
operation.

Zinc Stationary Casting Contact Cooling Water.
cooling water in the one operation is completely
Therefore, the BPT discharge allowance is zero.

Number of plants and operations with direct chill casting using
contact cooling water: 2
Number of plants and operations with stationary casting using
contact cooling water: 1
Number of plants and operations with continuous casting: 2
Number dry: 2.

Casting

The following information was reported on heat treatment opera­
tions in this subcategory:

emulsions are often treated on-site and the water discharged
(with the oil fract:on contract hauled). Therefore, EPA is
providing a discharge allowance. The BPT discharge allowance is
1.39 l/kkg (0.334 gal/ton), the only reported production
normalized flow.

Zinc Direct Chil! Casting Contact Cooling Water. The contact
cooling water from one operation is completely recycled with no
discharge; the contact cooling water from the other operation is
discharged with no recycle. The BPT discharge allowance is 505
l/kkg (121 gal/ton), the production normalized water use for the
one reported non-zero discharge operation.



Number of plants: 1
Number of operations: 1
Number of operations using contact cooling water: 1.

Zinc Annealing Heat Treatment Contact Cooling Water. The contact
cooling water in the one operation is batch dumped daily. The
BPT discharge allowance is 763 l/kkg (183 gal/ton), the produc­
tion normalized discharge flow from the one operation.

Surface Treatment

Two plants provided information on zinc surface treatment opera­
tions. Four surface treatment baths and three surface treatment
rinse operations were reported.

Zinc Surface Treatment Spent Baths. Discharge flow data were
available for three of the four baths. The BPT discharge allow­
ance of 88.7 .l/kkg (21.3 gal/ton) is based on the average produc­
tion normalized discharge flow from the three operations.

Zinc Surface Treatment Rinse. Neither countercurrent cascade
rinsing or recycle was reported for any of the three surface
treatment rinse operations. The BPT regulatory flow of 3,580
l/kkg is based on the average production normalized water use for
the three operations.

Alkaline Cleaning

Two plants supplied information on alkaline cleaning. At each
plant, an alkaline cleaning bath is followed by a rinse.

Zinc Alkaline Cleaning ~pent Baths. The BPT regulatory flow 'of
3.55 l/kkg (0.850 gal ton) is based on the average production
normalized discharge flow from the two alkaline cleaning bath
operations.

Zinc Alkaline Cleaning Rinse. Two stage countercurrent cascade
rinsing is utilized in one operation and spray rinsing is
practiced in the other operation. Both of these rinsing methods
reduce water use compared to traditional rinsing methods. The
BPT discharge flow of 1,690 l/kkg (405 gal/ton) is based on the
average production normalized discharge flow from the two opera­
tions.

Sawing or Grinding

Zinc Sawing or Grinding Spent Emulsions. One' plant provided
information on grinding zinc. An emulsion is used as a lubricant
in the grinding operation. The emulsion is completely recircu­
lated and periodically batch dumped. The BPT discharge allowance
is 23.8 l/kkg (5.71 gal/ton), the production normalized discharge
flow from the operatioQ.
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oegreasing

p~ant reported discharging
r1nse operation. The BPT

(550 gal/ton) is based on the
the rinse operation.

Regulated Pollutants

Zinc Electrocoating Rinse. One
wastewater from an electrocoating
discharge allowance of 2,290 l/kkg
production normalized water use for

Zinc oegreasing spent Solvent. Only. a small number of surveyed
plants with solvent degreasing operations have process wastewater
streams associated with the operation. Because most plants
practice solvent degreasing without wastewater discharge, the
Agency believes zero discharge of wastewater is an appropriate
discharge limitation.

Electrocoating

Cyanide is selected for regulation since it was found above its
treatable concentration in an alkaline cleaning rinse sample and
is a process chemical used in the electrocoating process.
P~eliminury cyanide precipitation treatment is needed to remove

The priority pollutants considered for regulation under BPT are
listed in Section VI along with an explanation of why they were
considered. The pollutants selected for regulation under BPT are
total chromium, copper, zinc, cyanide, oil and grease, total
suspended solids, and pH. The priority pollutant nickel, listed
in Section VI as selected for further consideration, is not
specifically regulated under BPT for the reasons explained in
Section X. The basis for regulating oil and grease, total
suspended solids, and pH was discussed earlier in this section.
The basis for regulating total chromium, copper, zinc, and
cyanide is discussed below.

Total chromium is selected for regulation since it was found
above treatability in a surface treatment rinse sample and the
Agency believes it is also present at treatable concentrations in
surface treatment spent baths. Surface treatment baths and rinse
may contain the hexavalent form of chromium which must be reduced
by the trivalent form by preliminary chromium reduction before
mium is appropriate for this subcategory.

Copper is selected for regulation since the Agency believes that
treatable concentrations of copper may be present in raw waste-'
water streams such as electrocoating rinse. In one electro­
coating operation reported in this subcategory, copper is plated
onto zinc. Therefore, the electrocoating rinse from this
operation is likely to contain treatable copper concentrations.

Zinc is selected for regulation since it was found at treatable
concentrations in both raw wastewater streams in which it was
analyzed and it is the metal being formed in this subcategory.
In addition, the Agency believes that other raw wastewater
streams may contain treatable zinc concentrations.



cyanide from wastewater. Therefore, regulation of cyanide in the
zinc forming subcategory is appropriate.

Treatment Train

The BPT model treatment train for the zinc forming subcategory
consists of preliminary treatment when necessary, specifically
chromium reduction, chemical emulsion breaking and oil skimming,
and cyanide precipitation. The effluent from preliminary treat­
ment is combined with other wastewater for common treatment by
oil skimming, and lime and settle. Waste streams potentially
needing preliminary treatment are listed in Table IX-8. Figure
IX-l presents a schematic of the general BPT treatment train for
the nonferrous metals forming category.

Effluent Limitations

The pollutant mass discharge limitations (milligrams of pollutant
per off-kilogram of PNP) were calculated by mUltiplying the BPT
regulatory flows summarized in Table IX-25 (l/kkg) by the concen­
tration achievable by the BPT model treatment system summarized
in Table VII-21 (mg/l) for each pollutant parameter considered
for regulation at BPT (l/kkg x mg/l x kkg/l,OOO kg = mg/off-kg).
The results of this computation for all waste streams and regu­
lated pollutants in the zinc forming subcategory are summarized
in Table IX-26. This limitations table lists all the pollutants
which were 'considered for regulation and those specifically
regulated are marked with an asterisk~

Costs and Benefits

In establishing BPT, EPA considered the cost of treatment and
control and the pollutant reduction benefits to evaluate economic
achievability. As shown in Table X-IO (page xxxx), the applica­
tion of BPT. to the total zinc forming subcategory will remove
approximately 308,260 kg/yr (678,170 Ibs/yr) of pollutants
including 262,210 kg/yr (576,~60 Ibs/yr) of toxic pollutants. As
shown in Table X-20 (page xxxx), the application of BPT to direct
dischargers only will remove approximately 307,400 kg/yr (676,280
Ibs/yr) of pollutants including 262,150 kg/yr (576,730 Ibs/yr) of
toxic pollutants. Since there is only one direct discharge plant
in this subcategory, total subcategory capital and-annual costs
and direct discharger capital and annual costs will not be
reported in this document in order to protect confidentiality
claims. The Agency concludes that the pollutant removals justify
the costs incurred by plants in this subcategory.

ZIRCONIUM-HAFNIUM FORMING.SUBCATEGORY

Production operations that generate process wastewater in the
zirconium-hafnium forming subcategory include rolling, drawing,
extrusion, swaging, tube reducing, heat treatment, surface
treatment, alkaline cleaning, molten salt treatment, sawing,
grinding, product testing, and degreasing. The wet scrubbe~s

used for air pollution control at some plants are also a source
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Extrusion

These
drawing

Rolling is performed at seven plants in the zirconium-hafnium
forming subcategory. One plant reported using a lubricant in one
rolling operation.

of process wastewater. Water use practices, wastewater streams,
and wastewater discharge flows from these operations were dis­
cussed in Section V. This information provided the basis for
development of the BPT regulatory flow allowances summarized in
Table IX-27. The following paragraphs discuss the basis for the
BPT flow allowances for each waste stream.

Rolling

Production Operations and Discharge Flows

Extrusion is performed at five zirconium-hafnium forming plants.
The following information is available from these plants:

Number of plants and operations using lubricants: 4. plants, 5
operations
Number of plants and operations with hydraulic fluid leakage: 1.

Drawing

Zirconium-Hafnium Rolling Spent Neat Oils. No neat oils are
discharged from the one operation. Should the plant ever find
the need to dispose the neat oil, it would be better to remove
the oil directly by contract hauling rather than to commingle the
oil with wastewater streams and remove it later using oil-water
separation treatment. Therefore, this waste stream should not be
discharged.

Zirconium-Hafnium Extrusion Spent Lubricants. No lubricants are
discharged from any of the five operations. Should a plant need
to dispose of these lubricants, it would be better to remove them
directly by contract hauling rather than commingle the lubricants
with ~lastewater streams and remove them later. Therefore, this
waste-stream should not be discharged.

Drawing is performed at four plants in this subcategory.
plants reported using lubricant in a total of three
operations.

Zirconium-Hafnium Drawing Spent Lubricants. The only loss of
lubricant in one operation is through evaporation and drag-out;
spent lubricants from another operation are contract hauled; no
flow information is available for the other operation. Drawing
lubricants are typically neat oils. It is better to remove these
lubricants directly by contract hauling rather than to commingle
the lubricants wit~ wastewater streams only to remove them later.
Therefore, this waste stream should not be discharged.



zirconium-Hafnium Extrusion Press Hydraulic Fluid Leakage. One
plant reported the discharge of leakage from extrusion presses.
Hydraulic fluid leaks result from the moving connection points in
high pressure extrusion presses. The BPT discharge allowance of
237 l/kkg (56.9 gal/ton) is based on the production normalized
discharge flow of leakage from the one operation.

Swaging

Zirconium-Hafnium Swaging Spent Neat Oils. One plant reported
using neat oil lubricants in a swaging operation. The only loss
of neat oils from this operation is through dragout. Should the
plant ever need to dispose of spent neat oils, it would be better
to remove the oil directly by contract hauling rather than to
combine the neat oil with wastewater streams and then remove it
later using oil-water separation treatment. Therefore, this
waste stream should not be discharged.

Tube Reducing

Zirconium-Hafnium Tube Reducing Spent Lubricants. There shall be
no discharge allowance for the discharge of pollutants from tube
reducing spent lubricants, if once each month for six consecutive
months the facility owner or operator demonstrate the absence of
N-nitrosodi-n-propylamine, N-nitrosodimethylamine, andN­
nitrosdiphenylamine by sampling and analyzing spent tube reducing
lubricants. If the facility complies with this requirement for
six months then the frequency of sampling may be reduced to once
each quarter. A facility shall be considered in compliance with
this requirement if the concentrations of the three nitrosamine
compounds does not exceed the analytical quantification levels
set forth in 40 CFR Part 136 which are 0.020 mg/l for N~

nitrosodipheny1amine, 0.020 mg/1 for N-nitrosodi-n-propy1amine,
and 0.050 mg/l for N-nitrosodimethylamine.

Heat Treatment

Zirconium-Hafnium Heat Treatment Contact Cooling Water. Contact
cooling water is used in six heat treatment operations. Flow
information was available for four of these operations. The BPT
regulatory flow of 343 l/kkg (82.3 gal/ton) is based on the
median production normalized water use for the four operations.
The median is believed to be a better representation of the
current typical water use for this operation than the average
(arithmetic mean) because of the large range of reported produc­
tion normalized water uses (135 l/kkg to 6,000 l/kkg).

Surface Treatment

Eight plants supplied information on surface treatment operations
in the zirconium-hafnium forming subcategory.

Zirconium-Hafnium Surface Treatment Spent Baths. Flow data- were
available for nine of the 14 reported surface treatment bath~.

The BPT regulatory flow of 340 l/kkg (81.5 gal/ton) is based on
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the median production normalized discharge flow 'of the nine
operations. The median is believed to be a better representation
of the current typical discharge from this operation than the
average (arithmetic mean) because of the large range of produc­
tion normalized discharge flows (102 l/kkg to 64,300 l/kkg).

Zirconium-Hafnium Surface Treatment Rinse. Flow data were
available for 10 of the 12 reported surface treatment rinse
operations. Countercurrent cascade rinsing and recycle are not
practiced in any of these operations. The BPT regulatory flow of
8,880 l/kkg (2,130 gal/ton) is based on the median production
normalized water use for the 10 operations. The median is
believed to be a better representation of the current typical
water use for this operation than the average (arithmetic mean)
because of the large range of production normalized water uses
(297 l/kkg to 971,000 l/kkg).

Alkaline Cleaning

Zirconium-Hafnium Alkaline Cleaning Spent Baths. 'A total of 13
alkaline cleaning bath operations were reported. Flow data were
available for 12 of these operations. The BPT regulatory flow of
1,600 l/kkg (384 gal/ton) is based on the average production
normalized discharge flow of the 12 operations.

Zirconium-Hafnium Alkaline Cleaning Rinse. Flow data were
available for 10 of 11 reported alkaline cleaning rinse opera­
tions. Countercurrent cascade rinsing' and recycle are not
practiced in any of these operations. The BPT regulatory flow of
31,400 l/kkg (7,530 gal/ton) is based on the average production
normalized water use for the 10 operations.

Molten Salt Treatment

Zirconium-Hafnium Molten Salt Rinse. Two plants reported
discharging molten salt r1nse. Neither plant practices
countercurrent cascade rinsing or recycle of the rinse, however
the water use for one plant was very low (only 20.86 l/kkg). The
BPT regulatory flow of 7,560 l/kkg (1,810 gal/ton) is based on
the average production normalized water use for the two
operations.

Sawing or Grinding

Zirconium-Hafnium Sawing or Grinding Spent Neat Oils. The use of
a neat oil lubricant was reported for only one operation. The
only loss of lubricant from this operation is through drag-out.
Should spent neat oil from this operation ever need to be dis­
posed, it would be better to contract haul the lubricant directly
and not to discharge the stream. Therefore, this waste stream
should not be discharged.

Zirconium-Hafnium Sawing or Grinding Spent Emulsions.
emulsion lubricants was reported for seven operations.
~atR were available for thcte operations; the only

1614



1615

Product Testing

Zirconium-Hafnium Degreasing Rinse. One plant dischages
wastewater from a degreasing rinse operation. This is the only
plant in the subcategory discharging wastewater from a degreasing
operation. Samples of this wastewater were analyzed after
proposal and high concentrations of volatile organic solvents

Three degreasing
In one operation,
discharge; spent

Therefore, the

emulsion from three other operations is from evaporation and
drag-out; flow data were available for one operation in which
spent emulsion is periodically discharged to an' evaporation pond.
Since spent emulsions are often treated on-site and the water
fraction discharged (with the oil fraction reused or contract
hauled), EPA is allowing a discharge for this waste stream. The
BPT regulatory flow of 281 1/kk9 (67.2 gal/ton) is based on the
production normalized discharge flow for the one operation which
discharges spent emulsion to an evaporation pond.

Degreasing

Zirconium-Hafnium Degreasing Spent Solvents.
operations were reported in this subcategory.
the solvent is completely recycled with no
solvent from two operations is contract hauled.
BPT discharge allowance is zero.

Zirconium-Hafnium Sawing or Grinding Contact Cooling Water. Flow
data were available for one of the two operations where the use
of contact cooling water was reported. The BPT regulatory flow
of '321 l/kkg (77.0 gal/ton) is based on the production normalized
discharge flow from this operation.

Zirconium-Hafnium Sawing or Grinding Rinse. Products are
sometimes rinsed following grit blasting and belt polishing
operations. Four rinse operations were reported in this sub~te­

gory. No recycle is practiced in any of these operations. The
BPT regulatory flow of 1,800 l/kkg (431 gal/ton) is based on the
median production normalized water use for the four operations.
The median is believed to be a better representa·tion of the'.
current typical water use for this operation than the' average
(arithmetic mean) because of the large range of production
normalized water uses (123 l/kkg to 19,600 l/kkg).

Zirconium-Hafnium Inspection and Testing Wastewater. Wastewater
is discharged from four product testing operations in ~his

subcategory: a hydrotesting operation, a non-destructive testing
operation, a dye penetrant testing operation, and an ultrasonic
tube testing operation. Flow data were available for the hydro­
testing operation and non-destructive testing operation. The BPT
regulatory flow of 15.4 l/kkg (3.70 gal/ton) is based on the
production normalized discharge flow from the non-destructive
testing operation. The hydrotesting operation flow was not
included in the regulatory flow calculation because the Agency
believes that the water used for hydrotesting can be recycled or
reused in other water-demanding operations at the forming plant.



were detected. Some plants degrease fQrmed zirconium without
generating any wastewater by using solvents which need not be
followed by a water rinse, while other plants degrease formed
zirconium without solvents, by using alkaline (detergent)
cleaning followed by a water rinse. Because the Agency believes
this plant could'achieve zero discharge by converting the water
rinse into a second solvent cleaning step or could use a
detergent cleaning instead of solvents, the BPT allowance for
this solvent degreasing rinse stream is based on zero discharge.

Wet Air Pollution Control

Zirconium-Hafnium Wet Air Pollution Control Blowdown. Water is
used in wet air pollution control devices on surface treatment,
rolling, forging, and extrusion operations. A total of eight
operations where wet air pollution control devices are used were
identified. However, wastewater is reported to be discharged to
surface water from only one of the eight operations. Therefore,
since the majority of plants with this wastewater stream are
achieving no discharge from this stream, there -shall be no
allowance for the discharge of wastewater pollutants.

Regulated Pollutants

The priority pollutants considered for regulation under BPT are
listed in Section VI along ~lith an explanation of why they were
considered. The pollutants selected for regulation under BPT are
total chromium, nickel, cyanide, fluoride, oil and grease, total
suspended solids, and pH. The priority pollutants copper, lead,
and zinc, and the nonconventional pollutants zirconium and
hafnium, are not specifically regulated under BPT for the reasons
explained in section X. The basis for regulating oil and grease,
total suspended solids, and pH was discussed earlier in this
section. The basis for regulating total chromium, nickel,
cyanide, ammonia, and fluoride is discussed below.

Total chromium is selected for regulation since it was found at
treatable concentrations in 10 of 19 raw wastewater samples and
five of nine raw wastewater streams in which it was analyzed.
Treatable total chromium concentrations were found in tube
reducing spent lubricant, surface treatment spent baths, surface
treatment rinse, alkaline cleaning spent baths, and degreasing
spent solvents. Waste streams such as surface treatment spent
baths and surface treatment rinse may contain the hexavalent form
of chromium.' As previously discussed, preliminary chromium
reduction is needed to reduce hexavalent chromium to the
trivalent state since the hexavalent form is not removed by lime
and settle technology. Therefore, regulation of total chromium
is appropriate for this subcategory.

Nickel is selected for regulation since it was found at treatable
concentrations in six of 19 raw wastewater samples and three of
the nine raw wastewater streams in which it was analyzed. Nickel
was found at treatable concentrations in tuLe reducing spent
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lubricant, surface treatment spent baths, and degreasing spent
solvents.

Cyanide is selected for regulation since it was found at treat­
able concentrations in surface treatment spent baths. Prelimi­
nary cyanide precipitation is needed to remove this pollutant
from wastewater. Therefore, regulation of cyanide is appropriate
for tnis subcategory.

Ammonia is selected for regulation because it was found at
treatable concentrations in surface treatment baths and tube
reducing spent lubricants. Preliminary ammonia steam stripping
may be needed to remove ammonia from these wastewaters. There­
fore, regulation of ammonia is appropriate for the zirconium­
hafnium forming subcategory.

Fluoride is selected for regulation since it was found at treat­
able concent.rations in five of 18 raw wastewater samples.
Fluoride was found at treatable concentrations in surface treat­
ment baths and rinses.

Treatment Train

The BPT model treatment train for the zirconium-hafnium forming
subcategory consists of preliminary treatment when necessary,
specifically chromium reduction, chemical emulsion breaking and
oil skimming, and cyanide precipitation. The effluent from
preliminary treatment is combined with other wastewater for
common treatment by oil skimming and lime and settle. Waste
streams potentially needing preliminary treatment are listed in
Table IX-g. Figure IX-l presents a schematic of the general B~T

treatment train for the nonferrous metals forming category.

Effluent Limitations

The pollutant mass discharge limitations (milligrams of pollutant
per off-kilogram of PNP) were calculated by multiplying the BPT
regulatory flows summarized in Table IX-27 (l/kkg) by the concen­
tration achievable by the BPT model treatment system summarized
in Table VII-2l (mg/l) for each pollutant parameter considered
for regulation at BPT (l/kkg x mg/l x kkg/l,OOO kg = mg/off-kg).
The results of this computation for all waste streams and regu­
lated pollutants in the zirconium-hafnium forming subcategory are
summarized in Table IX-28. Although no limitations have been
established for zirconium and hafnium, Table IX-28 includes
zirconium and hafnium mass discharge limitations attainable using
the BPT model technology. These limitations are presented for
the guidance of permit writers. The limitations table lists all
the pollutants which were considered for regulation. Those
specifically regulated are marked with an asterisk.

Costs and Benefits

In establishing BPT, EPA must consider the cost of treatment and
control in relation to the effluent reduction benefits. BPT
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costs and benefits are tabulated along with BAT costs and bene­
fits in Section X. As shown in Table X-II (page xxxx), the
application of BPT to the total zirconium-hafnium forming subcat­
egory will remove approximately 17,340 kg/yr (38,150 Ibs/yr) of
pollutants including 640 kg/yr (1,410 Ibs/yr) of toxic metals.
As shown in Table X-I (page xxxx), the corresponding capital and
annual costs (1982 dollars) for this removal are $0.367 million
and $0.330 million per year, respectively. As shown in Table X­
21 (page xxxx), the application of BPT to direct dischargers only
will remove approximately 16,315 kg/yr (35,890 lbs/yr) of
pollutants including 640 kg/yr (1,410 lbs/yr) of toxic metals.
As shown in Table X-2 (page xxxx), the corresponding capital and
annual costs (1982 dollars) for this removal are $0.359 million
and $0.327 million per year, respectively. The Agency concludes
that these pollutant removals justify the costs incurred by
plants in this subcategory.

METAL POWDERS SUBCATEGORY

Production Operations and Discharge Flows

Production operations that generate process wastewater in the
metal powders subcategory include metal powder production,
tumbling, burnishing, cleaning, sawing, grinding, sizing, steam
treatment, oil-resin impregnation, degreasing, hot pressing, and
mixing. Water use practices, wastewater streams and wastewater
discharge flows from these operations were discussed in Section
V. This information provided the basis for development of the
BPT regulatory flow allowances summarized in Table IX-29. The
following paragraphs discuss the basis for the BPT flow allow­
ances for each waste stream.

Metal Powder Production

Metal powder production operations were reported by approximately
70 plants in this subcategory. The following information is
available from these plants:

Number of plants and operations with wet atomization wastewater:
5 pldnts, 6 operations
Number of plants and operations with wet air pollution control
devices: 2.

Metal Powder Production Wet Atomization Wastewater. No recycle
was reported for any of the six operations. From an examination
of the available data, it is not apparent that there is any
significant difference in water use and discharge among the
different metals in this subcategory. Therefore, the BPT dis­
charge allowance is the average production normalized discharge
flow from the six operations, 5,040 l/kkg (1,210 gal/ton).

Tumbling, Burnishing or Cleaning

Metal Powders Tumbling, Burni~hing or Cleaning Wastewater.
Twer~"-~ine plan~s reported information on 40 tumbling, burnish-
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ing, and other physical-chemical cleaning operations associated
with powder metallurgy parts production. water use data were
available for 25 operations. The BPT regulatory flow of 4,400
l/kkg (1,050 gal/ton) is based on the average production normal­
ized water use for the 25 operations.

SawiIlg or Grinding

Met.al Powders Sawing or Grinding Spent Neat Oils. A neat oil
lubricant is used in one operation. Spent neat oils from this
operztion are contract hauled to treatment and disposal off-site.
It is better to handle neat oils in this manner rather than
combine them with wastewater streams 'only to remove them later
using oil-water separation treatment. Therefore, the BPT dis­
charge allowance is zero.

Metal Powders Sawing or Grinding Spent Emulsions. Emulsion
lubricants are used in seven operations. No emulsions are
discharged from one operation; emulsions are periodically dis­
charged from five operations; emulsions are discharged on a once­
through basis from one operation. The production normalized
discharge flow from the once-through operation is over five times
higher than the discharge values from the other operations. This
value was not included in the regulatory flow calculation because
it does not represent the current typical discharge practice for
this subcategory. The BPT regulatory flow of 18.1 l/kkg (4.33
gal/ton) is based on the average production normalized discharge
flow of the five periodic discharge operations.

Metal Powders Sawing or Grinding Contact Cooling Water. Contact
cooling water is used in four operations. Flow data were avail­
able for one ,of these operations. The cooling water is dis­
charged on a once-through basis from this operation. The current
water use at the one plant reporting flow data is excessive
compared to current water use for this operation in other subcat­
egories. The BPT regulatory flow of 1,620 l/kkg (389 gal/ton) is
based on 99 percent recycle of the water use for this one opera­
tion. This is comparable to the allowance for this operation in
other subcategories.

Sizing

Metal Powders Sizing Spent Neat Oils. Neat oil lubricants are
used in two sizing operations. The neat oils are completely
recycled with no discharge in either operation. Should the neat
oil from either operation ever need to be disposed, it would be
better to directly remove the oil by contract hauling rather than
to commingle the oil with wastewater streams and then remove it
later. Therefore, the BPT discharge allowance is zero.

Metal Powders Sizing Spent Emulsions. An emulsion lubricant is
used in one sizing operation. Since spent emulsions are often
treated on-site and the water fraction discharged by plants in
this category and other categories, EPA is allowing a discharge
for this waste stream. The BPT discharge allowance of 14.6 l/kk~
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(3.50 gal/ton) is based on the production normalized water use
for this operation.

Steam Treatment

Metal Powders Steam Treatment Wet Air Pollution Control Blowdown.
One plant operates a wet scrubber to control air pollution from
its steam treatment process. No recycle of the scrubber water is
practiced. The BPT discharge allowance of 792 l/kkg (190
gal/ton) is based on the production normalized water use for the
one operation.

Oil-Resin Impregnation

Metal Powders Oil-Resin Impregnation Spent Neat Oils. Seven
plants reported using neat oils in oil-resin impregnation pro~

cesses. Neat oils are completely recycled with no discharge in
two operations; spent neat oils from three operations are con­
tract hauled; no data are available for the other two operations.
It is better to remove neat oils directly by contract hauling
rather than to commingle them with wastewater streams and then
remove them later using oil-water separation treatment. There­
fore, this waste stream should not be discharged.

Degreasing

Metal Powders Degreasing Spent Solvents. Only a small number of
surveyed plants with solvent degreasing operations have process
wastewater streams associated with the operation. Because most
plants practice solvent degreasing without wastewater discharge,
the Agency believes zero discharge of wastewater is an appropri-
ate discharge limitation. .

Hot Pressing

Metal Powders Hot Pressing Contact Cooling Water. One plant
reported using contact cooling water in a hot pressing operation.
None of the cooling water used in this operation is recycled.
The BPT regulatory flow of 8,800 l/kkg (2,110 gal/ton) is based
on the production normalized water use for the one operation.

Mixing

Metal Powders. Mixing Wet Air Pollution Control Blowdown. One
plant reported using a wet scrubber to control air pollution from
a mixing operation. Ninety percent of the scrubber water is
recycled. The BPT regulatory flow of 7,900 l/kkg (1,890 gal/ton)
is based on the production normalized discharge flow from the
scrubber.

Deleted Waste Streams

Metal Powder Production Milling Wastewater. Following proposal,
the Agency received additional data and conducted a review of all
avai'·hle data concerning wast2water discharges in this subcate-
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gory. This review led to a reinterpretation of some data
reported prior to proposal. As a result, the Metal Powder
Production Milling wastewater stream included in the proposed
regulation for this subcategory has been deleted from the final
regulation. This waste stream was improperly classified at
proposal. Since the plant believed to have this wastewater at
proposal actually mills fabricated parts, not powder, its
reported production normalized flow was included in the
calculation of the tumbling, burnishing or cleaning wastewater
discharge allowance.

Metal Powder Production Wet Air Pollution Control Blowdown.
prTo'r to-'p'roposal, two plants reported the use of wet air pollu­
tion control devices associated with metal powders production.
One plant reported complete recycle of scrubber water; the other
reported that 85 percent of the scrubber water is recycled.
Following proposal, the Agency received additional data concern­
ing wastewater discharges in this subcategory. These data
included the fact that the discharging scrubber is no longer
operated. Therefore, the Metal Powder Production wet Air Pollu­
tion Control Blowdown waste stream included in the proposed
regulation for this subcategory has been deleted from the final
regulation.

Regulated Pollutants

The priority pollutants considered for regulation under BPT are
listed in Section VI along with an explanation of why they were
considered. The pollutants selected for regulation under BPT are
copper, lead, cyanide, oil and grease, total suspended solids and
pH. The priority pollutants chromium, nickel, and zinc, and the
nonconventional pollutants iron and aluminum are not specifically
regulated under BPT for the reasons explained in Section X. The
basis for regulating oil and grease, total suspended solids, and
pH was discussed earlier in this section. The basis for
regulating copper, lead, and cyanide is discussed below.

Copper is regulated since it is one of the metals being processed
in this subcategory and it was found at treatable concentrations
in 10 of 18 raw wastewater samples and three of the four raw
wastewater streams in which it was analyzed. Copper was present
at treatable concentrations in metal powder production wet
atomization wastewater, tumbling, burnishing or cleaning waste­
water, and sawing or grinding spent emulsions.

Lead is selected for regulation since it was found at treatable
concentrations in eight of 18 samples and three of' the four raw
wastewater streams in which it was analyzed. Lead was found at
treatable concentrations in the same raw waste streams listed in
the previous paragraph for copper.

Cyanide is selected for regUlation since it was present in
treatable concentrations in eight of 17 raw wastewater samples
and three of the four raw wastewater streams in which it wa9
analyzed. Treatable concentrations of cyanide were found in
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tumbling, burnishing or cleaning wastewater, sawing or grinding
spent emulsions, and steam treatment wet air pollution control
blowdown. Preliminary cyanide precipitation is needed to remove
cyanide from these wastewater streams. Therefore, regulation of
cyanide is appropriate for this subcategory.

Treatment Train

The BPT model treatment train for the metal powders subcategory
consists of preliminary treatment when necessary, specifically
chemical emulsion breaking and oil skimming and cyanide precipi­
tation. The effluent from preliminary treatment is combined with
other wastewater for common treatment by oil skimming and lime
and settle. Waste streams potentially needing preliminary
treatment are listed in Table IX-IO. Figure IX-l presents a
schematic of the general BPT treatment train for the nonferrous
metals forming category.

Effluent Limitations

The pollutant mass discharge limitations (milligrams of pollutant
per off-kilogram of PNP) were calculated by multiplying the BPT
regulatory flows summarized in Table IX-29 (l/kkg) by the concen­
tration achievable by the BPT model treatment system summarized
in Table VII-21 (mg/l) for each pollutant parameter considered
for regulation at BPT (l/kkg x mg/l x kkg/l,'OOO kg = mg/off-kg).
The results of this computation for all waste streams and regu­
lated pollutants in the metal powders subcategory are summarized
in Table IX-30. Although no limitations have been established
for iron and aluminum, Table IX-3D includes mass discharge
limitations for these pollutants attainable using the BPT model
technology. These limitations are presented for the guidance of
permit writers. The limitations table lists all the pollutants
which were considered for regulation. Those specifically
regulated are marked with an asterisk.

Costs and Benefits

In establishing BPT, EPA considered the cost of treatment and
control and the pollutant reduction benefits to evaluate economic
achievability. As shown in Table X-12 (page xxxx), the applica­
tion of BPT to the total metal powders subcategory will remove
approximately 57,570 ~:g/yr (126,650 Ibs/yr) of pollutants includ­
ing 1,085 kg/yr (2,390 Ibs/yr) of toxic pollutants. As shown in
Table X-22 (page xxxx), the application of BPT to direct
dischargers only will remove approximately 4,105 kg/yr (9,030
lbs/yr) of pollutants including 128 kg/yr (282 Ibs/yr) of toxic
pollutants. Since there are only three direct discharge plants
in this subcategory, total subcategory capital and annual costs
will not be reported in this document in order to protect
confidentiality claims. The Agency concludes that the pollutant
removals justify the costs incurred by plants in this
subcategory.
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APPLICATION OF REGULATION IN PERMITS

The purpose of these limitations (and standards) is to form a
uniform basis for regulating wastewater effluent from the nonfer­
rous metals forming category. For direct dischargers, this is
accomplished through NPDES permits. Since the nonferrous metals
forming category is regulated'on an individual waste stream
"building-block" approach, three examples of applying these
limitations to determine the allowable discharge from nonferrous
metals forming facilities are given below.

Example I

Plant X forms a refractory metal strip by a rolling operation
which uses an emulsion as a lubricant. The plant produces 20 kkg
(44,000 Ibs) of final product strip per day. In the process, a
stock billet is heated and put through a reversing rolling mill
for five passes, then annealed (dry annealing), brought back to
the rolling mill for three more passes, annealed again, rolled
for four more passes, and annealed for a final time to produce
the product. Table IX-31 illustrates the calculation of the
allowable BPT discharge for nickel, one of the pollutants regu­
lated in this subcategory. The allowable discharge for the other
regulated pollutants would be calculated in the same way.

This example illustrates the calculation of an allowable pollu­
'tant mass discharge using "off-kilograms." The term "off-kilo­
gram" means the mass of metal or metal alloy removed from a
forming operation at the end of a process cycle for transfer to a
different machine or process. A reversing mill allows the metal
to pass between the rollers several times without having to .be
removed from the mill. Therefore, on a multiple pass roll, the
mass of metal rolled is considered to have been processed only
once; the off-mass equals the mass. In this example, since the
metal is removed from the reversing mill for annealing and then
returned, the off-mass of rolling equals the mass of metal times
the number of times it is returned to the process. Therefore,
for this plant, the off-kilograms to produce 20 kkg of final
product is 60 off-kkg. This is the daily production used in the
calculations presented in Table IX-31.

Example 2

Plant Y forms lead bullets by an extrusion and swaging 'process
and casts lead shot. The plant operates 250 days per year with a
total annual production of 250,000 kg (551,000 lbs) of shot and
IrOOO,OOO kg (2,205,000 lbs) of bullets. Shot is produced by
casting. Bullets are produced by casting lead into ingots
(stationar,y casting), extrusion followed by a spray quench at the
press, and swaging. Approximately 5 percent of the lead is lost
to scrap following extrusion. The bullets are washed and rinsed
before being assembled into cartridges. Table IX-32 illustrates
the calculation of the allowable BPT discharge of total suspended
solids (TSS).
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The daily shot casting production is 250,000 kg/yr divided by 250
days/yr or 1,000 kg/day. The number of kg of shot produced is
equal to the number of off-kg formed. This production is
mUltiplied by the shot casting limitation (mg/off-kg) to get the
daily discharge limit for shot casting at Plant Y. The daily
amount of lead cast and extruded is 1,050,000 kg/yr divided by
250 days/yr or 4,200 kg/day. This production is multiplied by
the limitations (mg/off-kg) for extrusion press or solution heat
treatment contact cooling water and extrusion press hydraulic
fluid leakage to get the first part of the daily discharge limits
for bullet making. The daily bullet production is 1,000,000
kg/yr divided by 250 days/yr or 4,000 kg/day. This production is
multiplied by the limitations (mg/off-kg) for swaging spent
emulsions, alkaline cleaning spent baths, and alkaline cleaning
rinse to get the second part of the daily discharge limits for'
bullet making. The sum of the daily limits for the individual
operations becomes the plant limit.

Example 3

Plant Z forms nickel and titanium alloys. This plant forges 125
kkg (275,000 lbs) of nickel and 25 kkg (55,000 lbs) of titanium
per year (250 days). Eighty percent of the nickel and 10 percent
of the titanium are pickled, then rinsed with a spray. The plant
also contact cools forgings with water following forging and has
a wet air pollution control scrubber to control the fumes from
the pickling bath. This example demonstrates the application of
the limitations for nickel which is a regulated pollutant in the
nickel forming subcategory and for cyanide a regulated pollutant
in the titanium forming subcategory to the combined discharge of
nickel forming process wastewater and titanium forming process
wastewater. Table IX-33 illustrates the calculation of the BPT
discharge allowance for nickel. Although nickel was not specifi­
cally regulated in the titanium forming subcqtegory, it is
present in treatable concentrations in titanium forming waste­
water. The Agency chose not to specifically regulate nickel in
this subcategory because it should be adequately controlled by
the other regulated pollutants. Since nickel is present in the
titanium forming wastewater, Plant Z will need an allowance for
nickel from this source to comply with the nickel discharge
allowance. Therefore, the mass allowance for nickel from the
titanium forming wastewater is added to the mass allowance from
nickel-cobalt forming. The mass limitations for nickel can be
obtained from Tables IX-16 and IX-22 which provide the limita­
tions for regulated pollutants and other pollutants considered
for but not specifically regulated.

The calculation of the mass allowance for the pollutant cyanide
is illustrated in Table IX-34. Cyanide is regulated in the
titanium forming subcategory, but not in the nickel-cobalt
forming subcategory. Cyanide was not found in significant
quantities in any nickel-cobalt process wastewater, and was not
considered for regulation in the nickel-cobalt subcategory.
Since the nickel-forming process wastewater from Plant Z would
not be expected to contribute any cyanide to the mass loading in
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the effluent, it is not appropriate to add a mass allowance for
cyanide from the nickel forming wastewater· to the mass allowance
for cyanide from the titanium forming wastewater.
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Table IX-I

POTENTIAL PRELIMINARY TREATMENT REQUIREMENTS
LEAD-TIN-BISMUTH FORMING SUBCATEGORY

Roll ing

Drawing

Extrusion

Swaging

Casting

Operation Waste Stream

Spent emulsions
Spent soap solutions

Spent emulsions
Spent soap solutions

Press or solution heat
treatment contact cooling
water

Press hydraulic fluid
leakage

Spent emulsions

Possible Required
Preliminary Treatments

Chemical emulsion breaking
None

Chemical emulsion breaking
None

None

Chemical emulsion breaking

Chemical emulsion breaking

Continuous Strip Casting

Semi-Continuous Ingot
Casting

Shot Casting

Shot Forming

Alkaline Cleaning

Contact cooling water

Contact cooling water

Contact cooling water

Wet air pollution control
blowdown

Spent baths
Rinsewater

None

None

None

None

None
None



Table IX-2

POTENTIAL PRELIMINARY TREATMENT REQUIREMENTS
MAGENSIUM FORMING SUBCATEGORY

Operation

Roll ing

Forging

Casting

Direct Chill Casting

Surface Treatment

Sawing or Grinding

Wet Air Pollution Control

Waste Stream

Spent emulsions

Contact cooling water
Equipment cleaning

wastewater

Contact cooling water

Spent baths

Rinsewater

Spent emulsions

Blowdown

Possible Required
Preliminary Treatments

Chemical emulsion breaking

None
None

None

Chromium reduction, ammonia
steam stripping

Chromium reduction. ammonia
steam stripping

Chemical emulsion breaking

Chromium reduction



Table IX-3

POTENTIAL PRELIMINARY TREATMENT REQUIREMENTS
NICKEL-COBALT FO~MING SUBCATEGORY

Operation

Roll ing

Drawing

Extrusion

Forging

Metal Powder Production

Casting

Stationary

Surface Treatment

Waste Stream

Spent emulsions
Contact cooling water

Spent emulsions

Press or solution heat
treatment contact cooling
water

Press hydraulic fluid
leakage

Contact cooling water
Equipment cleaning

wastewater
Press hydraulic fluid

leakage

Atomization wastewater

Contact cooling water

Spent baths
Rinsewater

Possible Required
Preliminary Treatments

Chemical emulsion breaking
None

Chemical emulsion breaking

None

Chemical emulsion breaking

None
None

Chemical emulsion breaking

None

None

Chromium reduction
Chromium reduction



Table IX-3 (Continued)

POTENTIAL PRELIMINARV TREATMENT REQUIREMENTS
NICKEL-COBALT FORMING SUBCATEGORV

Operation

Ammonia

Alkaline Cleaning

Molten Salt

Sawing or Grinding

Steam Cleaning

Dye Penetrant Testing

Miscellaneous Wastewater
Sources

Wet Air Pollution Control

Electrocoating

Waste Stream

Rinse

Spent baths
Rinsewater

Rinsewater

Spent emulsions
Rinsewater

Condensate

Wastewater

Various

Blowdown

Rinsewater

Possible Required
Preliminary Treatments

None

Chromium reduction
None

Chromium reduction

Chemical emulsion breaking
None

None

None

None"'

Chromium reduction

None



Table IX-4

POTENTIAL PRELIMINARV TREATMENT REQUIREMENTS
PRECIOUS METALS FORMING SUBCATEGORV

I-'
0'1
W
o

Operation

Roll ing

Orawing

Metal Powder Production

Casting

Direct Chill Casting

Shot Casting

Semi-Continuous and
Continuous Casting

Heat Treatment

Surface Treatment

Alkaline Cleaning

Tumbling or BurniShing

Sawing or Grinding

Pressure Bonding

Waste Stream

Spent emulsions

Spent emulsions
Spent soap solutions

Atomization wastewater

Contact cooling water

Contact cooling water

Contact cooling water

Contact cooling water

Spent baths
Rinsewater

Spent baths
Rinsewater
Prebonding wastewater

Wastewater
" I

Spent emulsions

Contact,cooling wa'er

Possible Required
Preliminary Treatments

Chemical emulsion breaking

Chemical emulsion breaking
None

None

None

None

None

None

None
None

None
None
None

Cyanide precipitation

Chemical emulsion breaking

None



I-'
en
w
I-'

operation

Roll ing

Extrusion

Forging

Metal Powder

Surface Treatment

Alkaline Cleaning

Molten Salt

Tumbling or Burnishing

Sawing or Grinding

Dye Penetrant Testing

Equipment Cleaning

Table IX-5

POTENTIAL PRELIMINARY TREATMENT REQUIREMENTS
REFRACTORY METALS FORMING SUBCATEGORY

Possible Required
Waste Stream Preliminary Treatments

Spent emulsions Chemical emulsion breaKing

Press hydraulic fluid Chemical emulsion breaking
leakage

Contact cooling water None

Wastewater None

Spent baths Chromium reduction
Rinsewater Chromium reduction

Spent baths None
Rinsewater None

Rinsewater Chromium reduction

Wastewater Chromium reduction

Spent emulsions Chemical emulsion. breaking
Contact cool ing water . None
Rinsewater None

Wastewater

Wastewater None



Table IX-S (Continued)

POTENTIAL PRELIMINARY TREATMENT REQUIREMENTS
REFRACTORY METALS FORMING SUBCATEGORY

'\

Operati on

Miscellaneous Wastewater
Sources

Wet Air Pollution Control

Various

Blowdown

Waste Stream
Possible Required

Preliminary Treatments

None

Chromium reduction



Table IX-6

POTENTIAL PRELIMINARV TREATMENT REQUIREMENTS
TITANIUM FORMING SUBCATEGORV

Operation

RoIling

Extrusion

Forging

Surface Treatment

Alkaline Cleaning

Molten Salt

Tumbl ing

Sawing or Grinding

Waste Stream

Contact cooling water

Spent emulsions
Press hydraulic fluid

leakage

Contact cooling water
Equipment cleaning

wastewater
Press hydraulic fluid

leakage

Spent baths.

Rinsewater

Spent baths
Rinsewater

Rinsewater

washwater

Spent emulsions and syn­
thetic coolants

Contact cooling water

possible Required
Preliminary Treatments

None

Chemical emulsion breaking
Chemical emulsion breaking

None
None

Chemical emulsion breaking

Ammonia steam stripping,
chromium reduction

Ammonia steam stripping.
chromium reduction

None
None

'Chromi um reduct i on

Cyanide precipitation

Chemical emulsion breaking

None



Table IX-6 (Continued)

POTENTIAL PRELIMINARV TREATMENT REQUIREMENTS
TITANIUM FORMING SUBCATEGORV

Operation

Dye Penetrant Testing

Miscellaneous Wastewater
Sources

Wet Air Pollution Control

waste Stream

Wastewater

Various

Blowdown

Possible Required
Preliminary Treatments

None

Chromium reduction



Table IX-7

POTENTIAL PRELIMINARY TREATMENT REQUIREMENTS
URANIUM FORMING SUBCATEGORV

Operation

Extrusion

Heat Treatment

Surface Treatment

Sawing or Grinding

Area Cleaning

Wet Air Pollution Control

Drum Washwater
......
0'1 Laund ry Washwa t e r
W
U1

Waste Stream

Tool contact cooling water

Contact cooling water

Spent baths
Rinsewater

Spent emulsions
Contact cooling water
Rinsewater

Washwater

Blowdown

Wastewater

Wastewater

Possible Required
Preliminary Treatments

None

None

None
None

Chemical emulsion breaking
None
None

None

Chromium Reduction

None

None



Table lX-a

POTENTIAL PRELIMINARY TREATMENT REQUIREMENTS
ZINC FORMING SUBCATEGORY

....
0'1
W
0'1

Operation

Rolling

Drawing

Casting

Direct Chill Casting

Annealing and Solution Heat
Treatment

Surface Treatment

Alkaline Cleaning

Sawing or Grinding

Electrocoating

Waste Stream

Spent emulsions
Contact cooling water

Spent emulsions

Contact cooling water

Contact cooling water

Spent baths
Rinsewater

Spent baths
Rinsewater

Spent emulsions

Rinsewater

Possible Required
Preliminary Treatments

Chemical emulsion breaking
None

Chemical emulsion breaking,
cyanide precipitation

None

None

Chromium reduction
Chromium reduction

Cyanide precipitation
Cyanide precipitation

Chemical emulsion breaking

None



Table IX-9

POTENTIAL PRELIMINARY TREATMENT REQUIREMENTS
ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY

Operation

Heat Treatment

Surface Treatment

Alkaline Cleaning

Molten Salt

Sawing or Grinding

....
en
~ Inspection and Testing

Possible Required

waste Stream Preliminary Treatments

Press hydrau lie fluid Chemical emulsion brea~;ng

leakage

Contact cooling water None

Spent baths Ammonia steam stripping.
cyanide precipitation

Rinsewater Al11IiIonia steam stripping.
cyanide precipitation

Spent baths None
Rinsewater None

Rinsewater Chromium reduction

Spent emulsions Chemical emulsion breaking

Contact cool ing water None
Rinsewater None

Wastewater None



Table [X-:O

POTENTIAL PRE... :~l1NARV TREATMENT REQUIREMENTS
METAL POWDERS SUBCATEGORV

Oper-a t I on

Metal Powder PrOduction

Tumbling. Burnishing. and
Cleaning

Sawing or Grinding

Sizing

Steam Treatment Wet Air
Pollution Control

Hot Pressing

Mixing Wet Air Pollution
Cont ro I

Wdste Stream

Atomization wastewater

Wastewater

Spent emulsions
Contact cooling water

Spent emulsions

Blowdown

Contact cooling water

Blowdown

Possible Required
Preliminary Treatments

None

Cyanide precipitation

Chemical emulsion breaking
None

Chemical emulsion breaking

None

None

None



......
0'1
W
\0

Opel'ol1on

Roll ing

Drawing

Extrusion

Swaging

Casting

Table IX-11

BP~ REGULATORY FLOWS FOR
PRODUCTION OPERATIONS - LEAD-TIN-BISMUTH FORMING SUBCATEGORV

Normalized
BPT DisCharge

Waste Stream l/kkg gal/toil

Spent emulsions 2:l.4 5.60

Spent soap solutions 43.0 10,3

Spent neat oi Is 0 0

Spent emulsions 26.3 6.30

Spent soap solutions 7.46 I. 79

Press or solution heat treatment 1.440 346
contact cooling water

Press hydrau I ic fluid leakage 55.0 13.2

Spent emulsions 1.77 0.424

Production Normalizing
Pardmetec

Mass of lead-tin-bismuth
rol led with emulsions

Mass of lead-tin-bismuth
rolled with soap solutions

Mass of leaLl,·tin'bismutt, d"dwn
with emulsions

Mass of It'dd--tin-t.,ismuth drdwll
with soa~ solutions

Mass of lua~-tin-bismuth heat
treated and SUbsequently
cooled with water

Mass of 1ea(j- t i n,--tJ i smuttl
extruded

Mass of lea(j lin--lJi'imUU',
swaged w; th emIl I S; (HIS

Continuous Strip Casting

Semi-Continuous Ingot
Casting

Shot Casting

Contact cooling water

Contact cooling water

Contact cooling water

1.00

29.4

37.3

0.240

7.04

B.9S

Mass of lead-tin-blsmuth cast
by the continuous strip method

Mass of lead-tin-bismuth ingot
cast by the senti-continuous
method

Mass of lea<l-till--lJi"mutr, shot



Table IX-ll (Continued)

BPT REGULATORV FLOWS FOR
PRODUCTION OPERATIONS - LEAD-TIN-BISMUTH FORMING SUBCATEGORV

Operation

Shot-forming

Waste Stream

Wet air pollution control
blowdown

I/kkg

5BB

Normalized
aPT Discharge

gal/ton

141

ProOuctlon Normalizing
Paramettlr

Mass of lead' lill-LJisllluth shot
formed

......
0\
.s:o.
o

Alkaline Cleaning

Degreasing

Spent baths

Rinsewater

Spent solvents

120

2.360

o

28.7

565

o

Mass of lead-t ill-lllsllluth
alkalin~ cledn~d

Mass of lead-tin-bismuth
alkaline cleaned
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mg!off-kg (lb!mi11ion off-1bs) of 1ead-tin-bismuth
rolled with emulsions

There shall be no discharge of process wastewater
pollutants.

.030

.005

.281

.457
times

.055

.009

.516

.839
times

Maximum for
monthly average

Maximum for
monthly average

1000 at all

.067

.010

.468

.960
7.5 to 10.0 at all

.124

.018

.860
1. 770

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range of

*Antimony
*Lead
*Oi1 and Grease
*TSS

*pH within the range

Table IX-12

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

BPT
Lead-Tin-Bismuth Forming
Drawing Spent Neat Oils

BPT
Lead-Tin-Bismuth Forming
Rolling Spent Emulsions

mg!off-kg (lb/million off-lbs) of lead-tin-bismuth
rolled with soap solutions

BPT
Lead-Tin-Bismuth Forming
Rolling Spent Soap Solutions

Pollutant or
pollutant property

Pollutant or
pollutant property



Table IX~12 (Continued)

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg!off-kg (lb!million off-lbs) of lead-tin-bismuth
drawn with emulsions

.034

.005

.316

.513
times

.010

.001

.090

.146
times

Maximum for
monthly average

Maximum for
, monthly average

10.0 at all

1642

.021

.003

.149

.306 '
7.5 to 10.0 at all

Maximum for
anyone day

Maximum for
anyone day

*Antimony .076
*Lead .011
*Oil and Grease .526
*TSS 1.080

*pH Within the range 'of 7.5 to

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range of

BPT
Lead-Tin-Bismuth Forming
Drawing Spent Emulsions

Pollutant or
pollutant property

mg!off-kg (lb!million off-lbs) of lead-tin-bismuth
drawn with soap, solutions

BPT
Lead-Tin-Bismuth Forming
Drawing Spent Soap Solutions

Pollutant or
pollutant property



mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
extruded

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
heat treated

BPT
Lead-Tin-Bismuth Forming
Extrusion Press or Solution Heat Treatment CCW

.070

.011

.660
1.070
times

1.850
.288

17.300
28.100

all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

10.0 at all

1643

4.130
.605

28.800
59.100

of 7.5 to

.158

.023
1.100
2.260

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range

Table IX-l2 (Continued)

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

BPT .
Lead-Tin-Bismuth Forming
Extrusion Press Hydraulic Fluid Leakage

Pollutant or
pollutant property

Pollutant or
pollutant property



Table IX-12 (Continued)

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.0023

.0004

.0213

.0345
times

.0013

.0002

.0120

.0195
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

10.0 at all

1644

.0051

.0008

.0354

.0726
of 7.5 to

.0029

.0004

.0200

.0410
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range

BPT
Lead-Tin-Bismuth Forming
Swaging Spent Emulsions

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
swaged with emulsions

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
cast by the continuous strip method

Pollutant or
pollutant property

BPT
Lead-Tin-Bismuth Forming
Continuous Strip Casting Contact Cooling Water



Table IX-12 (Continued)

mg/off-kg (1b/mi11ion off 1bs) of lead-tin-bismuth
shot cast

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.038

.006

.353

.574
times

.048

.007

.448

.728
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

10.0 at all

1645 .

.107

.016

.746
1.530

of 7.5 to

.084

.012

.588
1. 210

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range

mg!off-kg (lb/million off-lbs) of lead-tin-bismuth
ingot cast by the semi-continuous method

BPT
Lead-Tin-Bismuth Forming
Semi-Continuous Ingot Casting Contact Cooling Water

Pollutant or
pollutant property

BPT
Lead-Tin-Bismuth Forming
Shot Casting Contact Cooling Water

Pollutant or
pollutant property



mg/off-kg (lb/million off-lbs) of lead-tin~bismuth
alkaline cleaned

mg/off-kg (lb/million off-lbs) of lead~tin-bismuth

shot formed

BPT
Lead-Tin-Bismuth Forming
Shot-Forming Wet Air Pollution Control'Blowdown

.154

.024
1. 440
2.340
times

.753

.118
7.060

11.500
all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

10.0 at all
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1.690
.247

11.800
24.100

of 7.5 to

.345

.050
2.400
4.920

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range

Table IX-12 (Continued)

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

Pollutant or
pollutant property

BPT
Lead-Tin-Bismuth Forming
Alkaline Cleaning Spent Baths

Pollutant or
pollutant property
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Table IX-12 (Continued)

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

3.020
.472

28.300
46.000

times

Maximum for
monthly average

at all

6.780
.991

47.200
96.800

7.5 to 10.0

Maximum for
anyone day

off-lbs) of lead-tin-bisrnuth

Within the range of

There shall be no discharge of process wastewater
pollutants.

BPT
Lead-Tin-Bismuth Forming
Alkaline Cleaning Rinse

BPT
Lead-Tin-Bismuth Forming
Degreasing Spent Solvents

Pollutant or
pollutant property

mg/off-kg (lb/rnillion
alkaline cleaned
*Antimony
*Lead
*Oil and Grease
*TSS
*pH



Table-IX-13

BPT REGULATORY FLOWS FOR
PRODUCTION OPERATIONS - MAGNESIUM FORMING SUBCATEGORY

Operation Waste Stream l/kkg

Normalized
BPT Discharge

gal/ton
Production Normalizing

Parameter

Ro 11 i ng

Forging

Direct Chill Casting

Surface Treatment

Sawing or Grinding

Degreasing

Wet Air Pollution Control

Spent emulsions

Spent lubricants

Contact cooling water

Equipment cleaning wastewater

Contact cooling water

Spent baths

Rinsewater

Spent emulsions

Spent solvents

Blowdown

74.6 17.9

0 0

2,890 693

39.9 9.59

3,950 947

466 112

18.900 4,520

19.5 4.68

0 0

619 148

Mass of magnesium rolled with
emulsions

Mass of forged magnesium
cooled with water

Mass of magnesium forged on
equipment requiring cleaning
with water

Mass of magnesium cast with
direct chill methods

Mass of magnesium surface
treated

Mass of magnesium surface
treated

Mass of magnesium sawed or
ground

Mass of magnesium sanded and
repaired or forged



Table IX-14

MAGNESIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMIT~TIONS

mg!off-kg (lb!million off-lbs) of magnesium
rolled with emulsions

.013

.046
4.370
1.970

Maximum for
monthly average

Maximum for
monthly average

.520
1.760

170.000
76.300

34.700
56.400

10.0 at all times

.895
1.460

10.0 at all times

1649

.033

.109
9.950
4.440

.007
1.490
3.060

of 7.5 to

1. 270
4.220

385.000
172.000'

~289

57.800
119.000
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Zinc
*Ammonia
*Fluoride
Magnesium

*Oi1 and Grease
*TSS

*pH Within the range

*Chromium
*Zinc
*Ammonia
*Fluoride
Magnesium

*Oil and Grease
*TSS

*pH Within the range

Pollutant or
pollutant property

mg!off-kg (lb!million off-lbs) of forged magnesium
cooled with water

BPT
Magnesium Forming
Rolling Spent Emulsions

BPT
Magnesium Forming
Forging Spent Lubricants.

There could be no discharge of process wastewater
pollutants.

BPT
Magnesium Forming
Forging Contact Cooling Water

Pollutant or
pollutant property



mg/off-kg (lb/mi1Iion off-Ibs) of magnesium
cast with direct chill methods

mg!off-kg (lb!mi11ion off-1bs) of magnesium
forged

.0072

.0244
2.3400.
1.0600

.711
2.410

232.000
104.000

Maximum for
monthly average

Maximum for
monthly average

.4790

.7780
10.0 at all times

47.400
77.000

10.0 at all times

1650

.0176

.0583
5.3200
2.3800

.0040

.7980
1. 6400

of 7.5 to

1. 740
5.770

527,.000
235.0'00

.395
79.000

162.000
of 7.5 to

Maximum for
anyone day

ltlaximum for
anyone day

*Chromium
*Zinc
*Arnrnonia
*Fluoride

Magnesium
*Oil and Grease
*TSS

*pH Within the range

*Chromium
*Zinc
*Ammonia
*Fluoride
Magnesium

*Oil and Grease
*TSS

*pH Within the range

Table.IX-14 (Continued)

MAGNESIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

BPT
Magnesium Forming
Forging Equipment Cleaning Wastewater

BPT
Magnesium Forming
Direct Chill Casting Contact Cooling Water

Pollutant or
pollutant property

Pollutant or
pollutant property



Table IX-14 (Continued)

MAGNESIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg/off-kg (IQ/million off-lbs) of magnesium
surface treated

.084

.284
27.300
12.300

3.400
11.500

1,110.000
499.000

Maximum for
monthly average

Maximum for
monthly average

5.590
9.090

10.0 at all times

227.000
369.000

10.0 at all times

.205

.681
62.100
27.700

.047
9.320

19.100
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

8.320
27.600

2,520.000
1,130.000

1.890
378.000
775.000

Within the range of 7.5 to

1651

*Chromium
*Zinc
*Arnmonia
*Fluoride
Magnesium

*011 and Grease
*TSS

*pH

*Chromium
*Zinc
*Ammonia
*Fluoride
Magnesium

*Oil and Grease
*TSS

*pH Within the range

BPT
Magnesium Forming
Surface Treatment Spent Baths

BPT
Magnesium Forming
Surface Treatment Rinse

Pollutant or
pollutant property

Pollutant or
pollutant property

lng/off-kg (lb/million off-lbs) of magnesium
surface treated



Table IX-14 (Continued)

mg/off-kg (lb/million off-lbs) of magnesium
formed

MAGNESIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

Maximum for
monthly average

Maximum for
monthly average

.004

.012
1.140

.515

.234

.380
10.0 at ali times

.112

.378
36.300
16.400

7.430
12.100

10.0 at all times

.009

.029
2.600
1.160

.002

.390

.800
7.5 to

1652

.273

.904
82.500
36.900

.062
12.400
25.400

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Zinc
*Ammonia
*Fluoride

Magnesium
*Oil and Grease
*TSS

*pH Within the range

There shall be no discharge of process wastewater
pollutants.

BPT
Magnesium Forming
Sawing or Grinding Spent Emulsions

mg/off-kg (lb/million off-lbs) of magnesium
sawed or ground

Pollutant or
pollutant property

BPT
Magnesium Forming
Wet Air Pollution Control Blowdown

BPT
Magnesium Forming
Degreasing Spent Solvents

Pollutant or
pollutant property

*Chromium
*Zinc
*Ammonia
*Fluoride
Magnesium

*Oil and Grease
*TSS

*pH Within the range of



Table IX-IS
BPT REGULATORY FLOWS FOR

PRODUCTION OPERATIONS - NICKEL-COBALT FORMING SUBCATEGORY

Operation Waste Stream I/kkg

Normalized
BPT Discharge

gal/ton
Production Normalizing

Parameter

....
0'1
U1
W

Roll ing

Tube Reducing

Drawing

Extrusion

Forging

Metal Powder Production

Station~ry Casting

Spent neat oils

Spent emulsions

Contact cooling water

Spent lubricants

Spent neat oi Is

Spent emulsions

Spent lubricants

Press or SOlution heat
treatment contact cooling
water

Press hydraulic fluid
leakage

Spent lubricants

Contact cooling water

Equipment cleaning wastewater

Press hydraulic fluid leakage

Atomization wastewater

Contact cooling water

0 0

170 40.9

3,770 905

0 0

0 0

95.4 22.9

0 0

83.2 20.0

232 55.u

0 0

474 114

40.0 9.57

187 44.8

2,620 629

12,100 2,900

Mass of nickel-cobalt rolled
with emulsions

Mass of nickel-cobalt rOIled
with water

Mass of nickel-cobalt drawn
with emulsions

Mass of nickel-cobalt extruded
or heat treated and subse­
quently cooled with water

Mass of nickel-cobalt extruded

Mass of forged nickel-cobalt
cooled with water

Mass of nickel-cobalt forged
on equipment requiring clean­
ing with water

Mass of nickp.l-cobalt forged

Mass of nickel-cobalt metal
powder produced by wet atom­
ization

Mass of nickel-cobalt cast
with stationary casting



Table IX-IS (Continued)

BPT REGULATORY FLOWS FOR
PRODUCTION OPERATIONS - NICKEL-COBALT FORMING SUBCATEGORY

Operation

Vacuum Melting

Annealing and Solution
Heat Treatment

Surface Treatment

Ammonia

Alkaline Cleaning

Molten Salt

Sawing or Grinding

Steam Cleaning

Hydrostatic Tube Testing
and Ultrasonic Testing

Dye Penetrant Testing

Miscellaneous Wastewater
Sources

Normalized
BPT Discharge

Waste Stream l/kk9 gal/ton

Steam condensate 0 0

Contact cooling water a a

Spent baths 935 224

Rinsewater 23,600 5,650

Rinse 14.8 3.54

Spent baths 33.9 8.13

Rinsewater 2,330 559

Rinsewater 8,440 2,020

Spent emulsions 39.4 9.45

Rinsewater 1,810 435

Condensate 3G; I 7.22

Wastewater 0 0

Wastewater 213 50.9

Various 246 58.4

Production Normalizing
Parameter

Mass of nickel-cobalt surface
treated

Mass of nickel-cobalt surface
treated

Mass of nickel-cobalt treated
with ammonia solution

Mass of nickel-cobalt alkaline
cleaned

Mass of nickel-cobalt alkaline
cleaned

Mass of nickel-cobalt treated
with molten salt

Mass of nickel-cobalt sawed or
ground with emulsions

Mass of sawed or ground
nickel-cobalt rinsed

Mass of nickel-cobalt steam
cleaned

Mass of nickel-cobalt tested
with dye penetrant methods

Mass of nickel-cobalt formed



Table IX-15 (Continued)

BPT REGULATORY FLOWS FOR
PRODUCTION OPERATIONS - NICKEL-COBALT FORMING SUBCATEGORY

Operation Waste Stream

Normalized
BPT Discharge

l/kkg gal/ton
Proau~tlon Normalizing

Parameter

Degreasing

Wet Air Pollution Control

Electrocoating

Spent solvents

Blowdown

Rinsewater

o

810

3,370

o

194

807

Mass of nickel-cobalt formed

Mass of nickel-cobalt electro­
coated



Table IX-16

NICKEL-COBALT FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of nickel-cobalt
rolled with water

.026

.031

.170

.034

.216

.104
4.490
2.040
3.320
times

.566

.679
3.770

.754
4.790
2.300

99.500
45.300
73.500

all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

10.0 at

1656

.058

.075

.323

.071

.327

.248
10.100

3.400
6.970

of 7.5 to

1.280
1.660
7.170
1.590
7.240
5.510

225.000
75.400

155.000
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS /

*pH ./'Wi thin the range

BPT
Nickel-Cobalt Forming
Rolling Spent Neat Oils

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of nickel-cobalt'
rolled with emulsions

BPT
Nickel-Cobalt Forming
Rolling Spent Emulsions

Pollutant or
pollutant property

BPT
Nickel-Cobalt Forming
Rolling Contact Cooling Water

Pollutant or
pollutant property
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TaD1e rx-I6 rContlnUea)

NICKEL-COBALT FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.014

.017

.095

.019

.121

.058
2.520
1.150
1.860
times

Maximum for
monthly average

10.0 at all

.033

.042

.181

.040

.183

.139
5.680
1.910
3.910

of 7.5 to

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

BPT
Nickel-Cobalt Forming
Drawing Spent Neat Oils

BPT
Nickel-Cobalt Forming
Tube Reducing Spent Lubricants

BPT
Nickel-Cobalt Forming
Drawing Spent Emulsions

mg!off-kg (lb/million off-lbs) of nickel-cobalt
drawn with emulsions

Pollutant or
pollutant property

BPT
Nickel-Cobalt Forming
Extrusion Spent Lubricants



Table IX-16 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.013

.015

.083

.017
~106

.051
2.200

.999
1.620
times

.035

.042

.232

.046

.295

.142
6.130
2.790
4.530
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

10.0 at all

.028

.037

.158

.035

.160

.122
4.950
1.670
3.410

of 7.5 to

1658

.079

.102

.441

.098

.446

.339
13.800

4.640
9.510

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nicke1
zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of nickel-cobalt
heat treated

Pollutant or
pollutant property

BPT
Nickel-Cobalt Forming
Extrusion Press or Solution Heat Treatment Contact
Cooling Water

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

BPT
Nickel-Cobalt Forming
Extrusion Press Hydraulic Fluid Leakage

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of nickel-cobalt
extruded



mg/off-kg (lb/million off-Ibs) of forged nickel-cobalt
cooled with water

mg/off-kg (lb/million off-lbs) of nickel-cobalt
forged

There shall be no discharge of process wastewater
pollutants.

.0060

.0072

.0400

.0080

.0508

.0244
1.0600

.4800

.7800
all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

.071

.G85

.474

.095

.602

.289
12.500

5.690
9.250

10.0 at all times

1659

.0136

.0176

.0760

.0168

.0768

.0584
2.3800

.8000
1.6400

of 7.5 to

.161

.209

.901

.199

.910

.692
28.200
9.480

19.500
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

Table IX-l6 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

BPT
Nickel-Cobalt Forming
Forging Contact Cooling Water

BPT Nickel-Cobalt Forming
Forging Equipment Cleaning Wastewater

Pollutant or
pollutant property

BPT
Nickel-Cobalt Forming
Forging Spent Lubricants

Pollutant or
pollutant property



Table IX-16 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.028

.034

.187

.037

.238

.114
4.940
2.250
3.650
times

.393

.472
2.620

.524
3.330
1.600

69.200
31. 500
51.100

all times

Maximum ·for
monthly average

Maxi.mum for
monthly average

10.0 at all

10.0 at

1660

.064

.082

.356

.079

.359

.273
11.100

3.740
7.670

of 7.5 to

.891
1.150
4.980
1.100
5.030
3.830

156.000
52.400

108.000
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

BPT
Nickel-Cobalt Forming
Forging Press Hydraulic Fluid Leakage

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of nickel-cobalt
forged

Pollutant or
pollutant property

BPT
Nickel-Cobalt Forming
Metal Powder Production Atomization Wastewater

mg/off-kg (lb/million off-Ibs) of nickel-cobalt
metal powder atomized

Pollutant or
pollutant property
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There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) ofnick~l-cobalt
cast with stationary casting methods

1.820
2.18C

12.100
2.420

15.400
7.380

320.000
145.000
236.00·0

all. times

Maximum for
monthly average

10.0 at

4.120
5.330

23.000
5.080

23.300
17.700

720.000
242.000
496.000
of 7.5 to

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

Table IX-16 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

8PT
Nickel-Cobalt Forming
Stationary Casting Contact Cooling Water

Pollutant or
pollutant property

BPT
Nickel-Cobalt Forming
Annealing and Solution Heat Treatment Contact Cooling Water

There shall be no discharge of process wastewater
pollutants.

BPT
Nickel-Cobalt Forming
Vacuum Melting Steam Condensate



Table IX-16 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.140

.169

.935

.187
1.190

.571
24.700
11.200
18.300

all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

3.540
4.250

23.600
4.720

30.000
14.400

623.000·
283.000
460.000

10.0 at all times

.318

.412
1.780

.393
1.800
1. 370

55.700
18.700
38.400

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

1662

8.030
10.400
44.900

9.910
45.300
34.500

1,410.000
472.000
968.000

range of 7.5 to

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH -Within the range

mg/off-kg (lb/xillion off-lbs) of nickel-cobalt
surface treated

Pollutant or
pollutant property

8PT
Nickel-Cobalt Forming
Surface Treatment Spent Baths

8PT
Nickel-Cobalt Forming
Surface Treatment Rinse

mg!off-kg (lb/million off-lbs) of nickel-cobalt
surface treated

Pollutant or
pollutant property

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the



Table IX-16 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of nickel-cobalt
alkaline cleaned

mg/off-kg (Ib/million off-lbs) of nickel-cobalt
treated with ammonia solution

.002

.00:

.015

.003

.019

.009

.391

.17.8

.289
times

.005

.006

.034

.007

.043

.021

.895

.407

.661
times

Maximum for
monthly average

10.0 at all

10.0 at all

.005

.007

.028

.006

.028

.022

.881

.296

.607
7.5 to

1663

.012

.015

.064

.014

.065

.050
2.020

.678
1. 390

of 7.5 to

Maximum for---Maximum for--­
ariy one day monthly average

Maximum for
anyone day

Cadmium
*Chromiurn

Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS .

*pH Within the range of

Cadmium
*Chromium
·Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

BPT
Nickel-Cobalt Forming
Ammonia Rinse

BPT
Nickel-Cobalt Forming
Alkaline Cleaning Spent Baths

Pollutant or
pollutant property

Pollutant or
pollutant property



Table IX-16 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

1.270
1. 520
8.440
1.690

10.700
5.150

223.000
101.000
165.000

all times

Maximum for
monthly average

Maximum for
monthly average

.350

.420
2.330

.466
2.960
1. 420

61.500
28.000
45.500

10.0 at all times

10.0 at

1664

.792
1.030
4.430

.979
4.480
3.400

139.000
46.600
95.600

of 7.5 to

2.870
3.720

16.100
3.550

16.200
12.300

502.000
169.000
346.000
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

BPT
Nickel-Cobalt Forming
Alkaline Cleaning Rinse

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of nickel-cobalt
alkaline cleaned

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of nickel-cobalt
treated with molten salt

BPT
Nickel-Cobalt Forming
Molten Salt Rinse

Pollutant or
pollutant property



Table IX-16 (Continued)

mgjoff-kg(lbjmillion off-lbs) of sawed or ground
nickel-cobalt rinsed

NICKEL-COBALT FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.006

.00"1

.039

.008

.050

.024
1.040

.473

.769
times

.272

.326
1.810

.362
2.300
1.110

47.800
21.700
35·.300

all times

Maximum for
monthly average

10.0 at all

10.0 at

1665

.013

.017

.075

.017

.076

.058
2.350

.788
1.620

of 7.5 to

.616

.797
3.440

.760
3.480
2.640

108.000
3£).200
74.200

of 7.5 to

Max irmlIll f or-------'.fax imum-for---­
anyone day monthly average

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

BPT
Nickel-Cobalt Forming
Sawing or Grinding Spent Emulsions

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of nickel-cobal t---'-­
sawed or ground with emulsions

BPT
Nickel-Cobalt Forming
Sawing or Grinding Rinse

Pollutant or
pollutant property
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.005

.005

.030

.006

.038

.018

.795

.361

.587
times

Ma~imum fo~

monthly average
Maximum for "
anyone day

.010

.013

.057

.013

.058

.044
1. 790

.602
1. 240

range of 7.5 to 10.0 at all

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride
*oil and Grease
*TSS

*pH Within the

Table IX-16 (Continued)

There shall be no discharge of process wastewater
pollutants.

NICKEL-COBALT FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

BPT
Nickel-Cobalt Forming
Steam Cleaning Condensate

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of nickel-cobalt
steam cleaned

BPT
Nickel-Cobalt Forming
Hydrostatic Tube Testing and Ultrasonic Testing
Wastewater ",' .



Table IX-16 {Continued)

NICKEL-COBALT FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-Ibs) of nickel-cobalt
formed

mg/o££-kg (lb/million off-Ibs) of nickel-cobalt
tested with dye penetrant methods

.032

.038

.213

.043

.271

.130
5.630
2.560
4.160
times

.037

.044

.246

.049

.313

.150
6.500
2.950
4.800
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

10.0 at all

1667

.084

.108

.468

.104

.473

.359
14.700

4.920
10.100

of 7.5 to

.072

.094

.405

.090

.409
·.311

12.700
4.260
8.740

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

BPT
Nickel-Cobalt Forming
Miscellaneous wastewater Sources

BPT
Nickel-Cobalt Forming
Dye Penetrant Testing Wastewater

Pollutant or
pollutant property

Pollutant or
pollutant property



Table IX-16 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.122

.146

.810

.162
1. 030

.494
21.400
9.720

15.800
all times·

Maximum for·
monthly average

10.0 at

1668

.276

.357
1.540

.340
1.560
1.180

48.200
16.200
33.200

of 7.5 to

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of nickel-cobalt
formed

Pollutant or
pollutant property

BPT
Nickel-Cobalt Forming
Wet Air Pollution Control Blowdown

BPT
Nickel-Cobalt Forming
Degreasing Spent Solvents



Table IX-16 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of nickel-cobalt
electrocoated

.506

.607
3.370

.674
4.280
2.060

89.000
40.500
65.700

all times

Maximum for
monthly average

10.0 at

1669

1.150
1. 480
6.410
1. 420
6.470
4.920

201.000
67.400

138.000
of 7.5 to

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

BPT
Nickel-Cobalt Forming
Electrocoating Rinse

Pollutant or
pollutant property



Table IX-17

BPT REGULATORY FLOWS FOR
PRODUCTION OPERATIONS - PRECIOUS METALS FORMING SUBCATEGORY

Operati on

Roll ing

Waste Stream

Spent, neat oi I s

I/kkg

o

Norma I i zed
BPT Discharge

gal/ton

o

Production Normalizing
Parameter

Drawing

Metal Powder Production

Casting

Spent emulsions

Spent neat oils

Spent emulsions

Spent soap solutions

Wet atomization wastewater

77.1

o

47.5

3.12

6,680

18.5

o

11.4

0.748

1,600

Mass of precious metals rolled
with emulsions

Mass of precious metals drawn
with emulsions

Mass of precious metals drawn
with soap soluticns

Masso.f precious me-taq s powder
produce& by wet atomization

Direct Chill Casting

Shot Casting

Stationary Casting

Semi-Continuous and
Continuous Casting

Heat Treatment

Surface Treatment

Alkaline Cleaning

Contact cooling water 10,800 2,590

Contact coo ling water 3.670 880

Contact cooling water 0 0

Contact cooling water 10.300 2,480

Contact cooling water 4,170' 1,000

Spent baths 96.3 23.1

Rinsewater 6,160 1,480

Spent baths 60.0 14.4

Mass of precious metals cast
by the direct chill method

Mass of precious metals shot
cast

Mass of precious metals cast
by the semi-continuous or
continuous method

Mass of extrUded preciou~

metals heat treated

Mass of precious metals
surface treated

Mass of precious metals
surface treated

Mass of precious metals
alkaline cleaned



Table IX-17 (Continued)

BPT REGULATORY FLOWS FOR
PRODUCTION OPERATIONS - PRECIOUS METALS FORMING SUBCATEGORY

Normalized
BPT Discharge

Operation

Alkaline Cleaning

Tumbling or Burnishing

Sawing or Grinding

Pressure Bonding

Degreasing

Wet Air Pollution Control

...: Waste St ream

Rinsewater

Prebonding wastewater

Wastewater

Spent neat oils

Spent emulsions

Contact COOling water

Spent solvents

Blowdown

<,

l/kkg gal/ton

11,200 2,690

11,600 2,770

12,100 2,910.

0 0

93.4 22:4

83.5 20.0

0 0

0 0

PrOduction Normalizing
Parameter

Mass of precious metals
al~a)ine cleaned

Mass of precious metal and
base metal cleaned prior to
bonding

Mass of precious metals
tumbled or burnished with
water-based media .

Mass of precious metals sawed
or ground with emulsions

Mass of precious metal and base
metal pressure bonded and sub­
sequently cooled with water
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Table IX-18

mg/off-kg (lb/million off-lbs) of precious metals
rolled with emulsions

.012

.014

.077

.009

.015

.098

.013

.0,47

.925
1. 510
times

Maximum for
monthly average

10.0 at all

.026

.034

.147

.022

.032

.148

.032

.113
1. 540
3.160

of 7.5 to

Maximum for
anyone day

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

PRECIOUS METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range

BPT
Precious Metals Forming
Rolling Spent Neat Oils

Pollutant or
pollutant property

BPT
Precious Metals Forming
Rolling Spent Emulsions

BPT
Precious Metals Forming
Drawing Spent Neat Oils



Table IX-18

mg/off-kg (lb/million off-Ibs) of precious metals
drawn with emulsions

PRECIOUS METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.007

.009

.048

.006

.010

.060

.008

.029
.• 570
.926

times

Maxim4m for
monthly average

Maximum for
~onthly average

.0005
.. 0006
.0031
.0004
.0006
.0040
.0005
.0019
.0375
.0609

10.0 at all times

10.0 at all

1673

.016

.021

.090

.014

.020

.091

.020

.069

.950
1.950

of 7.5 to

.0011

.0014

.0059

.0009

.0013

.0060

.0013

.0046

.0624

.1280
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*oil and Grease
*TSS

*pH Within the range

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range

Pollutant or
pollutant property

BPT
Precious Metals Forming
Drawing spent Soap Solutions

BPT
Precious Metals Forming
Drawing Spent Emulsions

Pollutant or
pollutant property

rng/off-kg (lb/million off-lbs) of precious metals
drawn with soap solutions



Table IX-18 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

1. 000
1. 200
6.680

.8.02
1. 340
8.490
1.140
4.080

80.200
130.000

all times

1.620
1.950

10.800
1. 300
2.160

13.700
1.840
6.590

130.000
211. 000

all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

10.0 at

2.270
2.940

12.700
1.940
2.810

12.800
2.740
9.750

134.000
274.000
of 7.5 to

1674

3.670
4.750

20.500
3.130
4.540

20.800
4.430

15.800
216.000
443.000
of 7.5 to

Maximum for
anyone day

.M:aximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/rnillion off-lbs) of precious metals
cast by the direct chill method

mgloff-kg (lblmillion off-lbs) of precious metals
powder wet atomized

BPT
Precious Metals Forming
Metal Powder Production Atomization Wastewater

Pollutant or
pollutant property

BPT
Precious Metals Forming
Direct Chill Casting Contact Cooling Water

Pollutant or
pollutant property

*Cadrnium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range
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Table IX-18 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

Maximllm for
monthly average

Maximum for
anyone day

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million ofE-lbs) of precious metals
shot cast

*Cadmium 1. 250 .551
Chromium 1. 620 .661

*Copper 6.980 3.670
*Cyanide 1. 070 .441
*Lead 1. 540 .734
Nickel 7.050 4.660

*Silver 1. 510 .624
Zinc 5.360 2.240

*Oiland Grease 73.400 44.100
*TSS 151.000 71. 600

*pH Within the range of 7.5 to 10.0 at all times

Pollutant or
pollutant property

BPT
Precious Meta~s Forming
Shot Casting Contact Cooling Water

BPT
Precious Metals Forming
Stationary Casting Contact Cooling Water



Table IX-18 (Continued)

mg/off-kg (lb/million off-lbs) of extruded precious
metals heat treated

.626

.751
4.170

.501

.834
5.300

.709
2.550

50.100
81. 300
times

1. 550
1.860

10.300
1.240
2.060

13.100
1. 750
6.290

124.000
201.000

all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

10.0 at all

3.500
4.530

19.600
2.990
4.330

19.800
4.230

15.100
206.000
423.000
of 7.5 to

1676

1. 420
1.840
7.930
1. 210
1. 750
8.010
1.710
6.090

83.400
171. 000

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range

PRECIOUS METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of precious metals cast
by the semi-continuous or continuous method

Pollutant or
pollutant property

Pollutant or
pollutant property

BPT
Precious Metals Forming
Heat Treatment Contact Cooling Water

BPT
Precious Metals Forming
Semi-Continuous and Continuous Casting Contact
Cooling Water



Table IX-18 (Continued)

mg/off-kg (lb/million off-lbs) of precious metals
surface treated

mg/off-kg (lb/million off-lbs) of extruded precious
metals heat treated

.015

.017

.096

.012

.019

.123

.016

.059
1.160
1.880

times

.924
1.110
6.160

.739
1.230
7.830
1.050
3.760

73.900
120.000

all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

.033

.042

.183

.028

.041

.185

.040

.141
1.930
3.950
7.5 to 10.0 at all

1677

2.100
2.710

11. 700
1. 790
2.590

11.800
2.530
9.000

123.000
253.000

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range of

PRECIOUS METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

BPT
Precious Metals Forming
Surface Treatment Rinse

Pollutant or
pollutant property

BPT
Precious Metals Forming
Surface Treatment Spent Baths

Pollutant or
pollutant property



Table IX-18 (Continued)

mg/off-kg (lb/million off-lbs) of precious metals
alkaline cleaned

.009

.011

.060

.007

.012

.076

.010

.037

.720
1.170

times

1.680
2.020

11.200
1. 350
2.240

. 14.200 ..
1.910
6.830

135.000
219.000

all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

.020

.026

.114

.017

.025

.115

.025

.088
1.200
2.460
7.5 to 10.0 at all

1678

3.810
4.930

21.300
3.250
4.710

21.500
4.590

16.400
224.000
459.000

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range of

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range

PRECIOUS METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIQNS

BPT
Precious Metals Forming
Alkaline Cleaning Spent Baths

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of precious metals
alkaline cleaned

Pollutant or
pollutan~' property

BPT
Precious Metals Forming
Alkaline Cleaning Rinse



Table IX-18 (Con~inued)

mg/off-kg (lb/million off-lbs) of precious metals
tumbled or burnished

PRECIOUS METALS FORMING SUBCA~EGORY

BPT EFFLUENT LIMITATIONS

1. 740
2.090

11.600
1. 390
2.320

14.800
1. 970
7.080

139.000
226.000

all times

1.820
2.180

12.100
1. 450
2.420

15.400
2.060
7.380

145.000
236.000

all times

Maximum for
monthly g.verage

Maximum for
monthly average

10.0 at

10.0 at

1679

3.950
5.110

22.100
3.370
4.870

22.300
4.760

17.000
232.000
476.000

of 7.5 to

4.120
5.330

23.000
3.510
5.080

23.300
4.960

17.700
242.000
496.000

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*oil and Grease
*TSS

*pH Within the range

*Cadmium
Chromium

*Copper
*Cyanide
*Lead

Nickel
*Silver
zinc

*oi1 and Grease
*TSS

*pH Within the range

mg/off-kg (lb/millton off-lbs) of precious metals and
base metal cleaned prior to bonding

BPT
Precious Metals Forming
Alkaline Cleaning Prebonding Wastewater

Pollutant or
pollutant property

Pollutant or
pollutant property

BPT
Precious Metals Forming
Tumbling or Burnishing Wastewater



There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of precious metals
sawed or ground with emulsions

.014

.017

.093

.011

.019

.119

.016

.057
1.120
1.820

times

Maximum for
monthly average

1680

.032

.041

.178

.027

.039

.180

.038

.137
1.870
3.830
7.5 to 10.0 at all

Maximum for
anyone day

BPT
Precious Metals Forming
Sawing or Grinding Spent Emulsions

Pollutant or
pollutant property

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range of

BPT
Precious Metals Forming
Sawing or Grinding Spent Neat Oils

Table IX-18 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS
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Table IX-18 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.013

.015

.084

.010

.017

.106

.014

.051
1. 000
1.630

times

.028

.037

.159

.024

.035

.161

.034

.122
1.670
3.430
7.5 to 10.0 at all

Maximum' for ---Maximum for
anyone day monthly average

*Cadmium.
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range of

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of precious metals and
base metal pressure bonded

BPT
Precious Metals Forming
Pressure Bonding Contact Cooling Water

BPT
Precious Metals Forming
W~t Air Pollution Control Blowdown

BPT
Precious Metals Forming
Degreasing Spent Solvents

Poll-utant or
pollutant property



Table IX-19

BPT REGULATORY FLOWS FOR
PRODUCTION OPERATIONS - REFRACTORY METALS FORMING SUBCATEGORY

Operation Wa~te Stream l/kkg

Normalized
BPT Oischarge

gal/ton
Production Normalizing

Parameter

Roll ing

Drawing

Extrusion

Forging

Metal Powder Production

Metal Powder Pressing

Surface Treatment

Alkaline Cleaning

Molten Salt

Tumbling or Burnishing

Spent neat oils and graphite­
based lubricants

Spent emulsions

Spent lubricants

Spent lubricants

Press hydraulic fluid leakage

Spent lubricants

Contact cooling water

Wastewater

Floor wash water

Spent lubricants

Spent baths

Rir:lsewater

Spent baths

Rinsewater

Rinsewater

Wastewater

0 0

429 103

0 0

0 a
1.190 285

0 a
323 77 .5

281 67.3

a 0

0 0

389 93.3

121.000 29.100

334 80.2

816.000 196,000

6.330 1.520

12.500 3,000

Mass of refractory metals
rolled with emulsions

Mass of refractory metals
extruded

Mass of forged refractory
metals cooled with water

Mass of refractory metals
powder produced using water

Mass of refractory metals
surface treated

Mass of refractory metals
:surface treated

Mass of refractory metals
alkaline cleaned

Mass of refractory metals
alkaline cleaned

Mass of refractory metals
treated with molten salt

Mass of refractory metals
tumbled or burnished with



Table IX-19 (Continued)

BPT REGULATORY FLOWS FOR
PRODUCTION OPERATIONS - REFRACTORY METALS FORMING SUBCATEGORY

.ope rat i on Waste Stream l/kkg

Norma 1;zed
BPT Discharge

gal/ton
Production Normalizing

Parameter

Sawing or Grinding

Dye Penetrant Testing

Equipment Cleaning

Miscellaneous Wastewater
Sources

Degreasing

Wet Air Pollution Control

Spent neat oils

Spent emulsions

Contact cooling water

Rinsewate'r

Wastewater

Wastewater

Various'

Spent solvents

Slowdown

0 0

297 71.1

24,300 5.820

135 32.5

77 .6 18.6

1,360 326

345 83.0

0 0

787 189

Mass of refractof~ metals
sawed or ground with emulsions

Mass of refractory metals
sawed or ground with contact
cooling water

Mass of refractory metals
sawed or ground d"d subse­
quently rinsed

Mass of refractory metals
tested with dye penetrant
methods

Mass of refractor"; metals
formed on equipmpn' requiring
cleaning with war~r

Mass of refractory metals
formed

Mass of refractory metals
sawed. ground. surface coated
or surface treated



.077

.429

.086

.545

.073

.262

11.300
1.470

Maximum for
monthly average

1.190
5.150
8.370

10.0 at all times

.189

.815

.180

.824

.176

.627

.052
25.500

2.840
.193
.043

2.990
8.580

17.600
of 7.5 to

Maximum for
anyone day

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Orease
*TSS .

*pH Within the range

REE'RACTORY METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

Table IX-20

1684

There shall be no discharge of process wastewater.
pollutants.

BPT
Refractory Metals Forming
Rolling Spent Neat Oils and Graphite-Based Lubricants

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of refractory metals
rolled with emulsions

BPT
Refractory Metals Forming
Rolling Spent Emulsions

Pollutant or
pollutant property

BPT
Refractory Metals Forming
Drawing Spent Lubricants
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Table IX-20 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.214
1.190

.238
1. 510

.203

.726

31.400
4.070

3.310
14.300
23.200

all times

<, ,,-

Maximum for
m9nt~ly average

10.0 at

.524
2.260

.500
2.290

.488
1. 740

.143
70.800

7.870
.536
.119

8.280
23.800
48.800

of 7.5 to

Maximum for
any 9I1~ <.19¥·

Chromium
*Copper

Lead
*Nickel
Silver
zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the range

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

BPT
Refractory Metals Forming
Forging Spent Lubricants

mg!off-kg (lb/million off-lbs) dfrefractory metals
extruded

BPT
Refractory Metals Forming
Extrusion Spent Lubricants

BPT
Refractory Metals Forming
Extrusion Press Hydraulic Fluid Leakage

Pollutant or
pollutant property



Table IX-20 (Continued)

REF&~CTORY METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.058

.323

.065

.410

.055

.197

8.530
l.110

.898
3.880
6.300
times

Maximum for
monthly average

10.0 at all

1686

.142

. .614

.136

.620

.133

.472

.039
19.200

2.140
.146
.032

2.250
6.460

13.300
of 7.5 to

Maximum for
anyone day

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the range

BPT
Refractory Metals Forming
Forging Contact Cooling Water

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of forged refractory
metals cooled with water



1687

Table IX-20 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.051

.281

.056

.357

.048

.172

7.420
.961

.781
3.370
5.480
times

Maximum for
monthly average

10.0 at all

.124

.534

.118

.540

.115

.410

.034
16.700

1.860
.127
.028

1.960
5.620

11.500
of 7.5 to

Maximum for
anyone day

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oiloand Grease
*TSS

*pH Within the range

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of refractory metals
powder produced

There shall be no discharge of process wastewater
pollutants.

BPT
Refractory Metals Forming
Metal Powder Pressing Spent Lubricants

BPT
Refractory Metals Forming
Metal Powder Production Floor Wash Water

BPI]'
Refractory Metals Forming
Metal Powder Production Wastewater

Pollutant or
pollutant property



mg!off-kg (lb/million off-lbs) of refractory metals
surface treated

Table IX-20 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

BPT
Refractory Metals Forming
Surface Treatment Spent Baths

.070

.389

.078

.494

.066

.237

10.300
1.330

Maximum for
monthly average

1.080
4.670
7.590

10.0 at all times

1688

.171

.739

.164

.747

.160

.568

.047
23.200

2.570
.175
.039

2.710
7.780

16.000
of 7.5 to

Maximum for
anyone day

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH within the range

Pollutant or
pollutant property



Table IX-20 (Continued)

mg/off-kg (lb/million off-lbs) of refractory metals
surface treated

REFRACTORY METALS FORMING" SUBCATEGORY
BFT EFFLUENT LIMITATIONS

21. 800
121.000 "

24.200
154.000

20.600
73.800

3,200.000
414.000

337.000
1,450.000
2,360.000
all times

Maximum for
monthly average

Maximum for
anyone day

1689

53.300
230.000

50.800
233.000
49~6()0"

i77.00Q
"14.500

7,200.000
800.000

54.500
12.100

842.000
2,420.000
4,960.000

range of 7.5 to 10.0 at

/

Chromium
*Copper
"Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the

BPT
Refractory Metals Forming
Surface Treatment Rinse

Pollutant or
pollutant property



Table IX-20 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.060

.334

.067

.424

.057

.204

8.820
1.140

.929
4.010
6.520
times

Maximum for
monthly average

Maximum for
anyone day

1690

.147

.635

.140

.641

.137

.488

.040
19.900

2.210
.151
.033

2.330
6.680

13.700
range of 7.5 to 10.0 at all

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum

Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the

BPT
Refractory Metals Forming
Alkaline Cleaning Spent Baths

Pollutant or
pollutant property

mg!off-kg (lb!million off-lbs) of refractory metals
alkaline cleaned



Table IX-20 (Continued)

RBFRACTORY METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of refractory metals
alkaline cleaned

147.000
816.000
163.000

1,040.000
139.000
498.000

21,600.000
2,790.000

2,270.000
9,790.000

15,900.000
at all times

Maximum for
monthly average

Maximum for
anyone day

1691

359.000
1,550.000

343.000
1,570.000

335.000
1,190.000·

97.900
48,600.000
5,400.000

367.000
81. 600

5,680.000
·16,300.000
33,500.000

range of 7.5 to 10.0

Chromium
*Copper
Lead

*Nickel
Silver
zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the

EPT
Refractory Metals Forming
Alkaline Cleaning Rinse

Pollutant or
pollutant property



Table IX-20 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

1.140
6.330
1.270
8.040
1.080
3.860

167.000
21.700

17.600
76.000

124.000
all times

Maximum for
monthly average

10.0 at

1692

2.790
12.000

2.6qO
12.200

2.600
9.240
.• 760

377.000
41.900

2.850
.633

44.100
127.000
260.000
of 7.5 to

Maximum for
anyone day

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of refractory metals
treated with molten salt

BPT
Refractory Metals Forming
Molten Salt Rinse

Pollutant or
pollutant property



1693

Table IX-20 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

2.250
12.500

2.500
15.900

2.130
7.630

330.000
42.800

34.800
150.000
244.000

all times

Maximum for
monthly average

10.0 at

5.500
23.800
5.2~b

24!OOO
5.130

18.300
1.500

744.000
82.600

5.630
1. 250

87.000
250.000
513.000
of 7.5 to

Maximum for
anyone day

Chromium
*Copper
Lead

*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*oil and ·Grease
*TSS

*pH Within the range

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of refractory metals
tumbled or burnished

BPT
Refractory Metals Forming
Sawing or Grinding Spent Neat Oils

BPT
Refractory Metals Forming
Tumbling or Burnishing Wastewater

Pollutant or
pollutant property



mg/off-kg (lb/million off-1bs) of refractory metals
sawed or ground with emulsions

Table IX-20 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

BPT
Refractory Metals Forming
Sawing or Grinding Spent Emulsions

.054

.297

.059

.377

.051

.181

.826
3.570
5.790
times

7.840
1.020

Maximum for
monthly average

10.0 at all

1694

.131

.565

.125

.570

.122

.434

.036
17.700
1.970

.134

.030
2.070
5.940

12.200
of 7.5 to

Maximum for
anyone day

Chromium
*Copper
Lead

*Nicke1
Silver
Zinc
Columbium

*F1uoride
*Mo1ybdenum
Tantalum
Vanadium
Tungsten

*oi1 and Grease
*TSS

*pH Within the range

Pollutant or
pollutant property



Table IX~20 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of refractory metals
sawed or ground with contact cooling water

4.380
24.300
4.860

30.900
4.130

14.800

642.000
83.100

67.600
292.000
474.000

all times

Maximum for
monthly average

Maximum for
anyone day

1695

Chromium 10.700
*Copper 45.200

Lead 10.200
*Nickel 46.700
Silver 9.970
Zinc 35.500
Columbium 2.920

*Fluoride 1,450.000
*Molybdenum 161.000
Tantalum 11.000
Vanadium 2.430
Tungsten 169.000

*Oil and Grease 486.000
*TSS 997.000

*pH within the range of 7.5 to 10.0 at

B'PT
Refractory Metals Forming
Sawing or Grinding Contact Cooling Water

Pollutant or
pollutant property



Table IX-20 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg!off-kg (lb!million off-lbs) of sawed or ground
refractory metals rinsed

.024

.135

.027

.172

.023

.082

3.570
.462

.376
1.620
2.630
times

Maximum for
monthly average

10.0 at all

1696

.059

.257

.057

.259

.055

.197

.016
8.030

.893

.061

.014

.~40

2.700
5.540

of 7.5 to

Maximum for
anyone day

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum

Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the range

BPT
Refractory Metals Forming
Sawing or Grinding Rinse

Pollutant or
pollutant property



Table IX-20 (Continued)

mg/off-kg (lb/million off-lbs) of refractory metals.
test~d with dye penetrant methods

REFRACTORY METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.014

.078

.016

.099

.013

.047

2.050
.266

.216

.931
1.520
times

Maximum for
monthly av~rage

10.0 at cHI

1697

.034

.148

.033

.149

.032

.113

.009
4.620

.513

.035

.008

.5'40
1. 550
3.180

of 7.5 to

'Maximum for
anyone day

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the range

BPT
Refractory Metals Forming
Dye Penetrant Tes'ting Wastewater

Pollutant or
pollutant property



1698

.245
1.360

.272
1. 730

.231

.830

35.900
4.650

3.780
16.300
26.500

all times

Maximum for
monthly average

10.0 at

.599
2.590

.571
2.610

.558
1.990

.163
80.900
8.990

.612

.136
9.470

27.200
55.800

of 7.5 to

Maximum for
anyone day

Within the range

pollutant or
pollutant property

Table IX-20 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of refractory metals
formed

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH

BPT
Refractory Metals Forming
Equipment Cleaning Wastewater



Table IX-20 (Continued)

mg/off-kg (lb/million off-lbs) of refractory metals
formed

REFRACTORY METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.062

.345
.. 069
.438
.059
.211

9.110
1.180

.959
4.140
6.730
t.imes

Maximum for
monthly average

10.0 at ·a.ll

1699

.152

.656

.145

.663

.142

.504

.041
20.500

2.280
.155
.035

2.400
6.900 .

14.200
of 7.5 to

Maximum for
anyone day

Chromium
*Copper
Lead

*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH within the range

BPT
Refractory Metals Forming
Miscellaneous Wastewater Sources

Pollutant or
pollutant property



mg/off-kg (lb/million off-lbs) of refractory metals
formed

Table IX-20 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.142

.787

.158
1.000

.134

.480

20.800
2.690

2.190
9.450

15.,400
all times

Maximum for
monthly average

10.0 at

1700

.346
1.500

.331
1.510

.323
1.150

.095
46.800

5.200
.354
.079

5.480
15.800
32.300

of 7.5 to

Maximum for
anyone day

BPT
Refractory Metals Forming
Degreasing Spent Solvents

There shall be no discharge of process wastewater
pollutants.

BPT
Refractory Metals Forming
Wet Air Pollution Control Blowdown

Chromium
*Copper

Lead
""Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the range

Pollutant or
pollutant property



Table IX-21

BPT REGULATORY FLOWS FOR
PRODUCTION OPERATIONS - TITANIUM FORMING SUBCATEGORY

Operation Waste Stream l/kkg

Normalized
BPT Discharge

gal/ton
Production Normalizin9

Parameter

Roll ing

Drawing

Extrusion

Forging

Tube Reducing

Heat Treatment

Surface Treatment

Alkaline Cleaning

Spent neat oils

Contact cooling water

Spent neat oils

Spent neat oils

Spent emulsions

Press hydraulic fluid leakage

Spent lubricants

Contact'cobling water

Equipment cleanin9 wastewater

Press hydraulic fluid leakage

Spent lubricants

Contact cooling water

Spent baths

Rinsewater

Spent baths

Rinsewater

0 0

4,BBO 1.170

0 0

0 0

71.9 17.2

178 42.8

0 0

2,000 419

40.0 9.60

1,010 242

0 0

0 0

208 49.9

29,200 7,000

240 57.5

2,760 663

Mass of titanium rolled with
contact cooling water

Mass of titanium extruded with'
emulsions

Mass of titaniu,n extruded

Mass of forged t'tanium cooled
with water

Mass of titanium forged on
equipment requi'ing cleaning
wi th water ~

Mass of titani~~ forged

Mass of titanium surface
treated

Mass of titani"',, surfac,~

treated

Mass of titanium alkaline
cleaned

Mass of titanium alkaline
cleaned



Table IX-21 (Continued)

BPT REGULATORY FLOWS FOR
PRODUCTION OPERATIONS - TITANIUM FORMING SUBCATEGORY

Operation Waste Stream l/kkg

Normalized
BPT Discharge

gal/ton
Production Normalizing

Parameter

Molten Salt

Tumbling

Sawing or Grinding

Dye Penetrant Testing

Miscellaneous Wastewater
Sources

Degreasing

Wet Air Pollution Control

Rinsewater

Wastewater

Spent neat oils

Spent emulsions

Contact cooling water

Wastewater

Various

Sp-ent solvents

Blowdown

955 229

790 189

0 0

183 43.8

4,760 1,140

1.120 268

32.4 7.77

0 0

2,140 514

Mass of titanium treated with
molten salt

Mass of titanium tumbled with
water-based media

Mass of titanium sawed or
ground with an emulsion

Mass of titanium sawed or
ground with contact cooling
water

Mass of titanium tested with
dye penetrant methods

Mass of titanium formed

Mass of titanium surface
treated or forged



Table IX-22

1703

TITANIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.879
4.880

.586

.976
6.200
2.980

286.000
129.000

2.000
58.600
95.200

all times

Maximum for
monthly average

10.0 at

2.150
9.270
J..420
2.050
9.370
7.130

651.000
291.000

4.590
97.600

200.000
of 7.5 to

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*zinc
*Ammonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

mg!off-kg (Ib!million off-lbs) of titanium
rolled with contact cooling water

BPT
Titanium Forming
Rolling Spent Neat Oils

Pollutant or
pollutant property

BPT
Titanium Forming
Drawing Spent Neat Oils

BPT
Titanium Forming
Extrusion Spent Neat Oils

BPT
Titanium Forming
Rolling Contact Cooling Water



mg/off-kg (lb/million off-lbs) of titanium
extruded

Table IX-22 (Continued)

TITANIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.013

.072

.009

.014

.091

.044
4.220
1.900

.030

.863
1.400
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

.032

.178

.021

.036

.226

.109
10.500

4.700
.073

2.140
3.470

10.0 at all times

.032

.137

.021

.030

.138

.'105
9.590
4.280

.068
1.440
2.950

of 7.5 to

1704

.078

.338

.052

.075

.342

.260
23.700
10.600

.168
3.560
7.300

of 7.5, to

Maximum for
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of titanium
extruded with emulsions

BPT
Titanium Forming
Extrusion Spent Emulsions

Pollutant or
pollutant property

BPT
Titanium Forming
Extrusion Press Hydraulic Fluid Leakage

Pollutant or
pollutant property



mg/off-kg (lb/million off-lbs) of forged tit~nium

cooled with water

There shall be no discharge of pr.ocess wastewater
pollutants.

8PT
Titanium Forming
Forging Spent Lubricants

.360
2.000

.240

.400
2.540
1~220

li7.000·
52.800

.R20
24.000
39.000

all times

'Maximum for
~9hthly average

:iQ.q at

1705

.880
3.800

.580

.840
3.840
2.920

267.000
119.000

1.880
40.000
82.000

of 7 ~ 5.'to

Maximum for
anyone d.ay

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride'
Titanium

*oil and Grease
*TSS

*pH Within the range

Table IX-22 (Continued)

TITANIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

Pollutant or
pollutant property

BPT
Titanium Forming
Forging Contact Cooling Water



Table IX-22 (Continued)

TITANIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of titanium
forged

.007

.040

.005

.008

.051

.024
2.350
1. 060

.016

.480

.780
times

.182
1. 010

.121

.202
1. 280

.616
59.200
26.700

.414
12.100
19.700

all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

10.0 at

1706

.018

.076

.012

.017

.077

.058
5.330
2.380

.038

.800
1. 640

of 7.5 to

.445
1. 920

.293

.424
1.940
1.480

135.000
60.100

.950
20.200
41.400

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Anunonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of titanium
forged

Pollutant or
pollutant property

BPT
Titanium Forming
Forging Equipment Cleaning Wastewater

Pollutant or
pollutant property

BPT
Titanium Forming
Forging Press Hydraulic Fluid Leakage



Table IX-22 (Continued)

TITANIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of titanium
surface treated

Maximum for
monthly average

.038

.208

.025

.042

.264

.127
12.200

5.490
.085

2.500
4.060

10.0 at all times

1707

.092

.395

.060

.087

.400

.304
27.700
12.400

.196
4.160
8.530

of 7.5 to

Maximum for
any one d~y

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride·
Titanium

*Oil and Grease
*TSS

*pH Within the range

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

BPT
Titanium Forming
Surface Treatment Spent Baths

Pollutant or
pollutant property

BPT
Titanium Forming
Heat Treatment Contact Cooling Water

BPT
Titanium Forming
Tube Reducing Spent Lubricants



mg/off-kg (lb/mi11ion off-lbs) of titanium
alkaline cleaned

Maximum for
monthly average

Maximum for
monthly average

5.260
29.200

3.510
5.840

37.100
17.800

1,710.000
771.000
12.000

351.000
570.000

10.0 at all times

.043

.240

.029

.048

.305

.147
14.100

6.340
.098

2.880
4.680

10.0 at all times

1708

.106

.456

.070

.101

.461

.351
32.000
14.300

.226
4.800
9.840

of 7.5 to

Maximum for
anyone day

Maximum for
aIW one day

12.900
55.500
8.470

12.300
56.100
42.700

3,890.000
1,740.000

27.500
584.000

1,200.000
range of 7.5 to

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Arnrnonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Arnrnonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the

Table IX-22 (Continued)

TITANIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

BPT
Titanium Forming
Surface Treatment Rinse

mg/off-kg (lb/million off-1bs) of titanium
surface treated

BPT
Titanium Forming
Alkaline Cleaning Spent Baths

Pollutant or
pollutant property

Pollutant or
pollutant property



Table IX-22 (Continued)

TITANIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of titanium
alkaline cleaned

.172

.955

.115

.191
1.210
'.583

56.000
25.200

.392
11.500
18.600;

all times

Maximum' for _._­
monthly average

Maximum for
monthly average

.497
2.760

.331

.552
3.510
1.690

162.000
72.900
1.130

33.• 100
53.800

10.0.at all times

10.0 at

1709

1. 220
5.250

.801
1.160
5.300
4.030

368.000
164.000

2.600
55.200

113.000
of 7.5 to

.• 420
1.820

.277

.401
1.840
1.400

128.000
56.800

.898
19.100
39.200

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

*oil and Grease
*TSS

*pH Within the range

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of titanium
treated with molten salt

BPT
Titanium Forming
Alkaline Cleaning Rinse

Pollutant or
pollutant property

BPT
Titanium Forming
Molten Salt Rinse

Pollutant or
pollutant property
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mg/off-kg (lb/million off-lbs) of titanium tumbled

Table IX-22 (Continued)

TITANIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.142

.790

.095

.158
1.010

.482
46.300
20.900

.324
9.480

15.400
all times

Maximum for
monthly average

10.0 at

.348
1. 500

.229

.332
1. 520
1.160

106.000
47.000

.743
15.800
32.400

of 7.5 to

Maximum for
arty one day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

BPT
Titanium Forming
Tumbling Wastewater

Pollutant or
pollutant property

BPT
Titanium Forming
Sawing or Grinding Spent Neat Oils

There shall be no discharge of process wastewater
pollutants.



Table IX-22 (Continued)

TITANIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

Ing/off-kg (lb/million off--lbs) of titanium·--------­
sawed or ground with ern:.;J..sio~s

.857
4.760

.571

.952
6.050
2.910

279.000
126.000

1.950
57.100
92.800

all times

Maximum for
[(\()n thl y average

Maximum for
monthly average

10.0 at

.1133

.183

.022

.037

.233

.112
10.700

4.830
.075

2.200'
3.570

10.0 at all times

1711

2.100
9.050
1.380
2.000
9.140
6.950

635.000
283.000

4.480
95.200

195.000
of 7.5 to

.081

.348

.053

.077

.352

.267
24.400
10.900

.172
3.660
7.510

of 7.5 to

Maximum ~or

<:J.ny cne day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead

Nickel
*Zinc
*Ammonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-Ibs) of titanium
sawed or ground with contact cooling water

Pollutant or
pollutant property

BPT
Titanium Forming
Sawing or Grinding Contact Cooling Water

Pollutant or
pollutant property

BPT
'.ri tani urn Forming
Sawing or Grinding Spent EmulsloPS
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There shall be no discharge of process wastewater
pollutants.

.202
1.120

.135

.224
1.420

.683
65.700
29.600

.459
13.500
21.900

all times

Maximum for
monthly average

10.0 at

.493
2.130

.325

.471
2.150
1.640

149.000
66.700
1. 050

22.400
45.900

of 7.5 to

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*zinc
*Arnrnonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

Table IX-22 (Continued)

TITANIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of titanium
tested with dye penetrant methods

BPT
Titanium Forming
Dye Penetrant Testing Wastewater

Pollutant or
pollutant property

BPT
Titanium Forming
Hydrotesting Wastewater
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Table IX-22 (Continued)

.OC5

.032

.004

.006

.041

.020
1.900

.856

.013

.389

.632
times10.0 at all

.014

.062

.009

.014

.062

.047
4.320
1.930

.031

.648
1.330

of 7.5 to

Maximum-for---·----jiIEi.-X-J.mum for
anyone day monthly average

There shall be no discharge of process wastewater
pollutants.

TITANIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

BPT
Titanium Forming
Miscellaneous Wastewater Sources

BPT
Titanium' Forming
Degreasing Spent Solvents

Pollutant or
pollutant property



mg/off-kg (lb/million off-lbs) of titanium
formed

Table IX-22 (Continued)

TITANIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

BPT
Titanium Forming
Wet Air Pollution Control Blowdown

Maximum for
monthly average

.385
2.140

.257

.428
2.720
1.310

126.000
56.500

.878
25.700.
41.800

10.0 at all times

1714

.942
4.070

.621

.899
4.110
3.130

285.000
128.000

2.010
42.800
87.800

of 7.5 to

"Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Arnrnonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

Pollutant or
pollutant property



Table IX-23

BPT REGULATORY FLOWS FOR
PRODUCTION OPERATIONS - URANIUM FORMING SUBCATEGORY

Op~ration

Extrusion

Waste Stream

Spent lubricants

l/kkg

o

Norma I i zed
BPT Discharge

gal/ton

o

Production Normalizing
Parameter

Forging

Heat Treatment

Surface Treatment

Sawing or Grinding
"

Area Cleaning

Degreasing

Tool contact cooling water·

Spent lubricants

Contact cooling ·water

Spent baths

Rinsewater

Spent emulsions

Contact cooling water

Rinsewater

Washwater

Spent solvents

344 82.5

0 0

1.900 455

27.2 6.52

337 BO.9

5.68 1.36

1,650 395

4.65 1.12

42.9 10.3

0 0

Mass of uranium extruded with
toolE requ~ring ~ontactcool­

ing with water

Mass of extruded or forged
uranium heat treated and
subsequently cooled with water

MCl~S of uran;t,Hll surri:,:.e
treated

Mass of uraniunl slJrface
treated

Mass of uraniurll S;;Hn·;'.~ cr"
ground with errl~jlsii_

Mass of uranium sawed or
ground with contact cooling
water

Mass of urarlium saw8d or
ground and 5ubb~qu~!,tly rinsed

Mass of uranium for~ed



Table IX-23 (Continued)

BPT REGULATORY FLOWS FOR
PRODUCTION OPERATIONS - URANIUM FORMING SUBCATEGORY

Operation Waste Stream 1/kk9

Normalized
BPT Discharge

gal/ton
Production Normalizing

Parameter

Wet Air Pollution Control

Drum Washwater

Laundry Washwater

*Liters/employee-day.

**Gallons/employee-day.

Blowdown

Wastewater

Wastewater

3.49

44.3

52.4**

0.836

10.6

12.6**

Mass of uranium surface
treated

Mass of uranium formed

Employee-day
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Table IX-24

URANIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.052 .

.062

.344

.069

.437

.210
9.080
1.180
1.630
4.130
6.710
times10.0 at all

•117
.152
.654
.145
.661
.502

20.500
2.280
2.240
6.880

14.100
of 7.5 to

There shall be no discharge of process wastewater
pollutants.

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium
*Oil and Grease
*TSS

*pH within the range

There shall be no discharge of process wastewater
pollutants.

BPT
Uranium Forming
Extrusion Spent Lubricants

BPT
Uranium Forming
Extrusion Tool Contact Cocling Water

Pollutant or Maximum for Maximum for
pollutant property any one day monthly average

mg/off-kg (lb/million off-Ibs) of .uranium
extruded

BPT
Uranium Forming
Forging Spent Lubricants



mg!off-kg (lb/million off-lbs) of extruded or ~forged

uranium heat treated

Table IX-24 (Continued)

URANIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.004

.005

.027

.005

.035

.017

.718

.093

.129

.327

.531
times

.285

.342
1.900

.380
2.420
1.160

50.200
6.500
8.990

22.800
37.100

all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

10.0 at all

1718

.646

.836
3.610

.798
3.650
2.780

113.000
12.600
12.400
38.000
77.900

of 7.5 to

.009

.012

.052

.011
~052

.040
1.620

.180

.177

.544
1.120

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum
Uranium

*Oil and Grease
*TSS

*pH Within the range

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium
*Oil and Grease
*TSS

*pH Within the range

BPT
Uranium Forming
Heat Treatment Contact Cooling Water

mg/off-kg (lb/million off-lbs) of uranium
surface treated

BPT
Uranium Forming
Surface Treatment Spe~t Baths

Pollutant or
pollutant property

Pollutant or
pollutant property



mg/off-kg (lb/million off~lbs) of uranium
sawed or ground with emulsions

Table IX-24 (Continued)

URANIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg/off-kg (1b/million off-lbs) of uranium
surface treated

.051

.061

.337 " .

.067

.428

.206
8.900
1.150
1. 600
4.050
6.570
times

Maximum for
monthly average

10.0 at all

.0009
".0010
.0057
.0011
.0072
.0035
.1500
.0194
.0269
.0682
.1110

10.0 at all times

1719

.0019

.0025

.0108

.0024

.0109

.0083

.3380

.0376

.0369

.1140

.2330
of 7.5 to

.115

.148

. 641

.142

.647

.492
20.100
2.230
2.190
6.740

13.800 "
of 7.5 to

Maximum for
anyone day

Maximum fo-r"----·"MaxIffium for
anyone day monthly average

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium
*Oil and Grease
*TSS

*pH Within the range

*Cadmium
*Chromium .
*Copper
*Lead
*Nickel

zinc
*Fluoride
*Molybdenum
Uranium

*Oil and Grease
*TSS

*pH Within the range

BPT
Uranium Forming
Sawing ot Grinding Spent Emulsions

BPT
Uranium Forming
Surface Treatment Rinse

Pollutant or
pollutant property

Pollutant or
pollutant property



mg/off-kg (lb/million off-lbs) of" sawed. or ground
uranium rinsed

BPT
Uranium Forming
Sawing or Grinding Contact Cooling Water

.0007

.0008

.0047

.0009

.0059

.0028

.1230

.0159

.0220

.0558

.0907
times

.248

.297
1'.650

.330
2.100
1.010

43.600
5.650
7.810

19.800
32.200

all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

10.0 at all

.561

.726
3.140

.693
3.170
2.410

98.200
10.900
10.700
33.000
67.700

of 7.5 to

1720

.0016

.0021

.0088

.0020

.0089

.0068

.2770

.0308

.0302

.0930

.1910
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
*Chromium
*Copper
*Lead
*Nickel
zinc

*Fluoride
*Molybdenum

Uranium
*Oil and Grease
*TSS

*pH Within the range

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum
Uranium

*Oil and Grease
*TSS

*pH Within the range

Table IX-24 (Continued)

URANIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of uranium
sawed or ground with contact cooling water

Pollutant or
pollutant property

BPT
Uranium Forming
Sawing or Grinding Rin~e

Pollutant or
pollutant property
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Table IX-24 (Continued)

URANIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.006

.008

.043

.009

.055

.026
1.130

.147

.203

.515

.837
times

Maximum for
monthly average

10.0 at all

.0;J..:5

.019

.082

.Qla
~082

.063
2.550

.284 .

.279

.858
1. 760

of 7 •.5 to

Maximum for
anyone day

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium
*Oil and Grease
*TSS

*pH Within the range

There shall be no discharge of process wastewater
pollutants.

BPT
Uranium Forming
Area Cleaning Washwater

mg/off-kg (lb/million off-lbs) of ur~nium

formed

BPT
Uranium Forming
Degreasing Spent Solvents

Pollutant or
pollutant property



mg/off-kg (lb/million off Ibs) of uranium
surface treated

Table IX-24 (Continued)

URANIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.007

.008

.044

.009

.056

.027 ' ,
1.170

.152

.210

.532

.864
times

Maximum for
monthly average

Maximum for
monthly average

.0005
,.0006
.0035
.0007
.0044
.0021
.0922
.0120
.0165
.0419
.0681

10.0 at all times

10.0 at all

.1722

.0012

.0015

.0066

.0015

.0067

.0051

.2080

.0231

.0227

.0698

.1430
of 7.5 to

.015

.020

.084

.019

.085

.065
2.640

.293

.288

.886
1.820

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum
Uranium

*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of uranium
formed

BPT
Uranium Forming
Wet Air Pollution Control Blowdown

Pollutant or
pollutant property

BPT
Uranium Forming
Drum Washwater

Pollutant or
pollutant property

*Cadmiurn
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum
Uranium

*Oil and Grease
*TSS

*pH Within the range



Table IX-24 (Continued)

URANIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

1723

7.860
9.430

52.400
10.500
66.600
32.000

1,390.000
179.000
248.000
629.000

1,020.000
all times10.0 at

17.800
23.100
99.600
22.000

101.000
76.500

3,120.000
347.000
341.000

1,050.000
2,150.000
of 7.5 to

Maximum for -------"[vlaxlimlri1-ror---­
anyone day monthly average

BPT
Uranium Forming
Laundry Washwata!

mg/employee-day uranium formed

Pollutant or
pollutant property

cadmium
Chromium
Copper
Lead
Nickel
Zinc
Fluoride
Molybdenum
Uranium
Oil and Grease
TSS

pH Within the range



Table IX-25

BPT REGULATORY FLOWS FOR
PRODUCTION OPERATIONS - Z~NC FORMING SUBCATEGORY

Operation

Roll ing

Waste Stream

Spent neat oils

l/kkg

o

Normalized
BPT Discharge

gal/ton

o

Production Normalizing
Parameter

Drawing

Casting

Spent emulsions

Contact cooling water

Spent emulsions

1.39

536

5.80

0.334

129

1.39

Mass of zinc rolled with
emulsions

Mass of zinc rolled with
contact cooling water

Mass of zinc drawn with
emulsions

Direct Chill Casting

Stationary Casting

Heat Treatment

Surface Treatment

Alkaline Cleaning

Sawing or Grinding

Degreasing

Electrocoating

Contact cool ing w"ater

Contact cooling water

Contact cooling water

Spent baths

Rinsewater

Spent baths

Rinsewater

Spent emulsions

Spent solvents

Rinsewater

505

o

763

88.7

3,580

3.55

1,690

23.8

o

2,290

121 Mass of zinc cast by the
di rect chill method

0

183 Mass of zinc heat treated and
subsequently cooled with water

21.3 Mass of zinc surface treated

859 Mass of zinc surface treated

0.850 Mass of zinc alkaline cleaned

405 Mass of zinc a 1ka line cleaned

5.71 Mass of zinc sawed or ground
with emUlsions

0

550 Mass of zinc electrocoated



Table IX-26

ZINC FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.0003

.0014

.0002

.0018

.0009

.0167

.0271
times

.097

.536

.064

.681

.327
6.430

10.500
all times

Maximum ,for
monthly average

Maximum for
,monthly average

10.0 at all

10.0 at

1725

.236
1.020

.156
1.030

.783
10.700
22.000

of 7.5 to

.0006

.0026

.0004

.0027

.0020

.0278

.0570
of 7.5 to

Maximum for
anY,one day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*zinc
*Oil and Grease
*TSS

*pH Within the range

*Chromium
*Copper
*Cyanide
Nickel

*Zinc
*Oil and Grease
*TSS

*pH Within the range

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of zinc
rolled with contact cooling water

BPT
Zinc Forming
Rolling Spent Neat Oils

mg/off-kg (lb/million off-lbs) of zinc
rolled with emulsions

BPT
Zinc Forming
Rolling Contact Cooling Water

BPT
Zinc Forming
Rolling Spent Emulsions

Pollutant or
pollutant property

Pollutant or
pollutant property



Table IX-26 (Continued)

ZINC FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of zinc cast
by the direct chill method

.0011

.0058

.0007

.0074

.0035

.0696

.1130
times

.091

.505

.061

.642

.308
6.060
9.850
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

10.0 at all

1726

.0026

.0110

.0017

.0112

.0085

.1160

.2380
of 7.5 to

.222

.960

.147

.970

.738
10.100
20.700

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc
*Oil and Grease
*TSS

*pH Within the range

*Chromium
*Copper
*Cyanide
Nickel

*Zinc
*Oil and Grease
*TSS

*pH Within the range

mgloff kg (lblmillion off-lbs) of zinc
drawn with emulsions

BPT
Zinc Forming
Drawing Spent Emulsions

pollutant or
pollutant property

BPT
Zinc Forming
Direct Chill Casting Contact Cooling Water

Pollutant or
pollutant property



Table I~-26 (Continued)

ZINC FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

There shall be no discharge of process wastewater
pollutants.

.016

.089

.011

.113

.054
1.070
1. 730
times

.138

.763

.092

.969

.466
9.160

14.900
all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

1727

.039

.169

.026

.171

.130
1.780
3.640

of 7.5 to

.336
1. 450

.221
1.470
1.120

15.300
31.300

of 7.5 to 10.0 at

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc
*Oil and Grease
*TSS

*pH Within the range

*Chromium
*Copper
*Cyanide
Nickel

*zinc
*oil and Grease
*TSS

*pH Within the range

EPT
zinc Forming
Surface Treatement Spent Baths

mg/off-kg {lb/million off-lbs) of zinc
surface treated

mg/off-kg (lb/million off-lbs) of zinc
heat treated

Pollutant or
pollutant property

BPT
Zinc Forming
Stationary Casting Contact Cooling water

Pollutant or
pollutant property

BPT
Zinc Forming
Heat Treatment Contact Cooling Water



Table IX-26 (Continued)

ZINC FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg!off-kg (lb/millionoff-lbs) of zinc
alkaline cleaned

.0006

.0036

.0004

.0045

.0022

.0426

.0692
times

.645
3.580

.430
4.550
2.190

43.000
69.800

all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

10.0 at all

1728

1. 580
6.800
1.040
6.880
5.230

71. 600
147.000
of 7.5 to

.0016

.0068

.0010

.0068

.0052

.0710

.1460
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc
*Oil and.Grease
*TSS

*pH Within the range

*Chromium
*Copper
*Cyanide
Nickel

*Zinc
*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of zinc
surface treated

BPT
Zinc Forming
Surface Treatment Rinse

Pollutant or
pollutant property

BPT
Zinc Forming
Alkaline Cleaning Spent Baths

Pollutant or
pollutant property



Table IX-26 (Continued)

ZINC FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

BPT
Zinc Forming
Sawing or Grinding Spent Emulsions

.004

.024

.003

.030

.015

.286

.464
times

.304
1.690

.203
2.150 .
1.030

20.300
33.000

all times

Maximum for
monthly average

Maximum for
monthly average

1729

.011

.045

.007

.046

.035

.476

.976
7.5 to 10.0 at all

.744
3.210

.490
3.250
2.470

33.800
69.300

of 7.5 to 10.0 at

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc
*oil and Grease
*TSS

*pH Within the range of

*Chromium
*Copper
*Cyanide
Nickel

*Zinc
*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of zinc
sawed or ground with emulsions

BPT
Zinc Forming
Alkaline Cleaning Rinse

mg/off-kg (lb/million off-lbs) of zinc
alkaline cleaned

Pollutant or
pollutant property

Pollutant or
pollutant property



Table IX-26 '(Continued)

ZINC FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

BPT
Zinc Forming
Degreasing Spent Solvents

There shall be no discharge of process wastewater
pollutants.

mgjoff-kg (lbjmillion off-lbs) of zinc
electrocoated

.412
2.290

.275
2.910
1.400

27.500
44.700

all times

Maximum for
monthly average

10.0 at

1730

1.010
4.350

.664
4 .• 400
3.~50

45.800
93.900

of 7.5 to

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc
*Oil and Grease
*TSS

*pH Within'the range

BPT
Zinc Forming
Electrocoating Rinse

Pollutant or
pollutant property



Table-IX-27

BPT REGULATORV FLOWS FOR
PRODUCTION OPERATIONS - ZlRCONIUM-HA~NIUM FORMING SUBCATEGORV

a a

a 0

237 56.9

0 a

a a

343 82.3

340 81.5

8,880 2,130

1,600 384

31,400 7,630

7,660 1,810

Operation

Roll ing

Drawing

Extrusion

Swaging

Tube Reducing

Heat Treatment

Surface Treatment

Alkaline Cleaning

Mo Iten Sa It

Waste Stream

Spent neat 0; Is

Spent lubricants

Spent lubricants

Press hydraulic fluid leakage

Spent neat oils

Spent lubricants

Contact cooling water

Spent baths

Rinsewater

Spent baths

Rinsewater

Rinsewater

l/kkg

o

Normalized
BPT Discharge

gal/ton

o

Production Normalizing
Paramete.r

Mass of zi rcon'/,lIn-hafnium'
extruded

Mass of zirconiu~-hafnium heat
treated ana sub~eQuently

cooled with W&le r

,Mass of zirccni,m-hafnium
surface treate.

Mass of zir~Dnium-hafnium

surface treateeJ

Mass elf zirconi',Jm--hafnium
alkaline cleaned

Mass of z,irconium-hafnium
alkaline cleaned

Mass of zirconium-hafnium
treated with molten salt





Table IX-28

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
extruded

Maximum for
monthly average

.043

.237

.029

.047

.301

.145
13.900

6.260
3.300
2.850
4.620

10.0 at all times

1733

.104

.451

.069

.100

.455

.346
31.600
14.100

6.830
4.740
9.720

of 7.5 to

Maximum for
anyone day

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants~

BPT
Zircbnium-Iiaf'nhirii Forming
Extrusion Spent Lubricants

BPT
Zirconium-Hafnium Forming
Extrusion Press Hydraulic Fluid Leakage

BPT
Zirconium-Hafnium Forming
Rolling Spent Neat Oils

There shall be no discharge of process wastewater
pollutants.

~Chromium

copper
*Cyanide
Lead

*Nickel
Zinc

*Ammonia
""Fluoride

Zirconium·
*Oil and Grease
*TSS

*pH Within the range

Pollutant or
pollutant property

BPT
Zirconium-Hafnium Forming
Drawing Spent Lubricants



mg/off-kg (lb/million off-lbs) of zirconi.um-hafnium
heat treated

There shall be no discharge of process" wastewater
pollutants.

Table IX-28 (Continued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

; ~"

Maximum for
monthly average

.062

.343

.041

.069

.436

.209
20.100

9.060
4.770
4.120
6.690

10.0 at all times

1734

.151

.652

.100

.144

.659

.501
45.700
20.400

9.880
6.860

14.100
of 7.5 to

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium
*Oi1 and Grease
*TSS

*pH Within the range

BPT
Zirconium-Hafnium Forming
Tube Reducing Spent Lubricants

BPT
Zirconium-Hafnium Forming
Heat Treatment Contact Cooling Water

BPT
Zirconium-Hafnium Forming
Swaging Spent Neat Oils

There shall be no diseharge of process wastewater
pollutants.

Pollutant or
pollutant property



mg/off-kg (lb/mi11ion off~lbs) of zirconium-hafnium
surface treated

mg/off-kg (lb/mi11ion off-lbs) of" zirconium-hafnium
surfa<;:e ~reated

Table IX-28 (Continued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

Maximum for
monthly average

Maximum for
monthly average

1.600
8.880
1.070
1. 780

11. 300
5.4:20

521.000
235.000
124.000
107.0.00
173 •.000

10.0 at all times

.061

.340

.041

.068

.432

.208
19.9.00

8.980
4.730
4.080
6.630

10.0 at all times

.150

.646

.099

.143

.653
·.497 "

45.300
20.300

9.790
6.800

14.000
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

3.910
16.900

2.580
3.730

17.100
13.000

1,190.000
529.000
256.000
178.000
364.000

Within the range of 7.5 to

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fiuoride

Zirconium
*Oiland Grease
*TSS

*pH

1735

*Chromium
Copper

*Cyanide
Lead

*Nickel
zinc

*Ammonia
*Fluoride

Zirconium
*Oi1 and Grease
*TSS

*pH Within the range

BPT
Zirconium-Hafnium Forming
Surface Treatment Rinse

BPT
Zirconium-Hafnium Forming
Surface Treatment Spent Baths

Pollutant or
pollutant property

Pollutant or
pollutant property



Table IX-28 (Continued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

.288
1.600

.192

.320
2.030

.976
93.800
42.300
22.300
19.200
31.200

all times

Maximum for
monthly average

Maximum for
monthly average

5.650
31.400

3.770
6.280

39.900
19.200

1,840.000
829.000
437.00'0
377.000
613.000

10.0 at all times

.704
3.040

.464

.672
3.070
2.340

213.000
95.200
46.100
32.000
65.600

of 7.5 to'lO.O at

Maximum for
anyone day

Maximum for
anyone day

1736

13.800
59.700

9.110
13.200
60.300
45.900

4 t 190.000
1,870.000

905.000
628.000

1,290.000
range of 7.5 to

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium
*Oil and Grease
*TSS

*pH Within the range

BPT
Zirconium-Hafnium Forming
Alkaline Cleaning Spent Baths

*Chromium
Copper

*Cyanide
Lead

*Nickel
zinc

*Ammonia
*Fluoride

Zirconium
*Oil and Grease
*TSS

*pH Within the

mgloff kg (lblmillion off Ibs) of zirconium-hafnium
alkaline cleaned

Pollutant or
pollutant property

BPT
Zirconium-Hafnium Forming
Alkaline Cleaning Rinse

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
alkaline cleaned

Pollutant or
pollutant property
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Table IX-28 (Continued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

1.360
7.560

.907
1. 510
9.600
4.610

443.000
200.000
105.000
~0.700

148.000
all times

Maximum for
monthly average

Maximum for
anyone day

*Chromium 3.330
Copper 14.400

*Cyanide 2.190
Lead 3.180

*Nickel 14.500
Zinc 11.100

*Ammonia 1,010.000
*Fluoride 450.000

Zirconium 218.000
*Oil and Grease 151.000
*TSS 310.000

*pH Within the range of 7.~ to 10.0 at

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
treated with molten salt

BP'I'
Zirconium-Hafnium Forming
Molten Salt Rinse

Pollutant or
pollutant property

BPT
Zirconium-Hafnium Forming
Sawing or Grinding Spent Neat oiis



mg/off-kg (lb/million off-lbs) of zirconium-hafnium
sawed or ground with contact cooling water

.051

.281

.034

.056

.357

.172
16.500

7.420
3.910
3.370
5.480

at all times

Maximum for
monthly average

Maximum for
monthly average

.058

.321

.039

.064

.408

.196
18.800
8.480
4.460
3.850
6.260

10.0 at all times

.124

.534

.082

.118

.540

.410
37.500
16.700

8.-090
5.620

11.500
of 7.5 to'lO.O

1738

.141

.610

.093

.135

.617

.469
42.800
19.100

9.250
6.420

13.200
of 7.5 to

Maximum for
anyone day

Max.imum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium
*Oil and Grease
*TSS

*pH Within the range

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium
*Oil and Grease
*TSS

*pH Within the range

Table IX-28 (Continued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

BPT
Zirconium-Hafnium Forming
Sawing or Grinding Spent Emulsions

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
sawed or ground with emulsions

Pollutant or
pollutant property

BPT
Zirconium-Hafnium Forming
Sawing or Grinding Contact Cooling Water

Pollutant or
pollutant property



Table IX-28 (Continued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

rng/off-kg (lb/million off-lbs) of zirconium-hafnium
tested

;003
.015'
.00"2
.003
.020
.0.09
.903
.407
.214
.185
.301

times

.324
. 1. 800

.216

.360
2.290
1.100

106.000
47.500
25.000
21.600
35.100

atl times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

10.0 at

1739.

.007

.029

.004

.006

.030

.023
2.050

.917

.444

.308

.632
7.5 to

.792
3.420

.522

.756
3.460
2.630

240.000
107.000

51.900
36.000
73.800

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Chrorniurn
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium
*Oil and Grease
*TSS

*pH Within the range of

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Arnmonia
*Fluoride

Zirconium
*Oil and Grease
*TSS

*pH Within the range

Pollutant or
pollutant property

BPT
Zirconium-Hafnium Forming
Inspection and Testing Wastewater

mg/off-kg (lb/million 'off-lbs) of sawed or ground
zirconium-hafnium rinsed

BPT
Zirconium-Hafnium Forming
Sawing or Grinding Rinse

Pollutant or
pollutant property



Table IX-28 (Continued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
BPT EFFLUENT LIMITATIONS

BPT
Zirconium-Hafnium Forming
Degreasing Spent Solvents

There shall be no discharge of process wastewater
pollutants.

BPT
Zirconium-Hafnium Forming
Wet Air Pollution Control Blowdown

There shall be no allowance for the discharge of process
wastewater pollutants.

BPT
Zirconium-Hafnium Forming
Degreasing Rinse

There shall be no discharge of process wastewater
pollutants.

1740



Table IX-29

BPT REGULATORY FLOWS FOR
PRODUCTION OPERATIONS - METAL POWDERS SUBCATEGORY

Operation

Metal Powder Production

Waste Stream

Atomization wastewater

l/kkg

5,040

Normalized
BPT Discharge

gal/ton

1,210

Production Normalizing
Parameter

~ass of powder produced by
wet atomization

Tumbling, Burnishing or
Cleaning

Sawing or Grinding

Sizing

Steam Treatment Wet Air
Pollution Control

Oil-Resin Impregnation

Deg reas i ng"

Hot Pressir)g

Mixing Wet Air Pollution
Contro 1

Wastewater

Spent neat oi 15

Spent emulsions

Contact cooling water

Spent" neat oils

Spent emulsions

Blowdown

Spent neat oils

Spent solv"ents

Contact cooling water

Blowdown

4,400 1,050

a 0

18.1 4.33

1,620 389

0 0

14.6 3.50

792 190

0 0

0 a

8,800 2,110

7,900 1,890·

Mass of powder metallurgy
parts tumbled, burnished or.
cleaned with water-based media

Mass of powder metallurgy
parts sawed or ground w;th
emulsions

Mass of powder meiallurgy
parts sawed or ground with
contact cooling water

Mass of. powaer sized using
emulsions

Mass of metallurgy parts steam
treated

Mass of powder cooled with
water after pressing

Mass of powder mixed

j
l



Table IX-30

METAL POWDERS SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of powder metallurgy
parts tumbled, burnished, or cleaned

.907
5.040

.605
1.010
6.400
3.080

16.100
3.080

60.500
98.300

all times

.792
4.400

.528

.880
5.590
2.690

14.100
2.690

52.800
85.800

all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

10.0 at

2.220
9.580
1.460
2.120
9.680
7.360

32.400
6.050

101.000
207.000
of 7.5 to

1742

1.940
8.360
1.280
1.850
8.450
6.430

28.300
5.280

88.000
181. 000
of 7.5 to

MaJcimum for
anyone day

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

*Oil and Grease
*TSS

*pH Within the range

BPT
Metal Powders
Metal Powder Production Atomization Wastewater

mg/off-kg (lb/million off-lbs) of powder
wet atomized

Pollutant or
pollutant property

Pollutant or
pollutant property

BPT
Metal Powders
Tumbling, Burnishing, or Cleaning Wastewater

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

*Oil and Grease
*TSS

*pH Within the range



Table IX-30 (Continued)

METAL POWDERS SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg!off-kg (lb!million off-lbs) of powder metallurgy
parts sawed or ground with emulsons

·,
:

"

',-<-

, .003 .
.018.
.002
.004
.023 ..
.011
.058
.011
.217
.353

times

"

Maximum for
~ mon,th.lY average;,. . . '. ~:~N,.

10.0 at.all

'.>

1743 "

• 008
.034
~005

.008

.035

.026

.117

.022

.362

.742
7.5 to

. ~..

Maximum for
anypne'; da'Y"

'~

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

*Oil and Grease
*TSS '

*pH Within the ~ange of

There shall be no discharge of process wastewater
pollutants.

BPT
Metal Powders
Sawing or Grinding Spent N~at Oils'

BPT
Metal ,Powders
Sawirig or-Grindin~ Spent'Emulsions

~ " _",' ~ . .' '1

Pollutant or
pollutarit property
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Table IX~30 (Continued)

.292
1. 620

.195

.324
2.060

.988
5.190

.988
19.500
31. 600

all times

Maximum for
monthly average

10.0 at

.713
3.080

.470

.681
3.110
2.370

10;400
1.950

32.400
66.400

of 7.5 to

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

*Oil and Grease
*TSS

*pH within the range

METAL POWDERS SUBCATEGORY
BPT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off Ibs) of powder metallurgy
parts sawed or grouhd with contact cooling water

BPT
Metal Powders
Sawing or Grinding Contact Cooling Water

Pollutant or
pollutant property

BPT
Metal Powders
Sizing Spent Neat Oils

There shall be no discharge of process wastewater
pollutants.



mg/off-kg (lb/million off-lbs) of powder metallurgy
parts steam treated

BPT
Metal Powders
Stearn Treatment Wet Air Pollution Control Blowdown

Table IX-30 (Continued)

, METAL POWDERS SUBCATEGORY
BPT EFFLUENT LIMITATIONS

Maximum for
monthly average

.143

.792

.095

.159
1.010

.483
2.540

.483
9.510

15.500
10.0 at all times

1745

.349
1. 510

.230

.333
1. 520
1.160
5.090

.951
15.900
32.500

of 7.5 to

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

*Oil and Grease
*TSS

*pH Within the range

BPT
Metal Powders
Sizing Spent Emulsions

Pollutant or Maximum for Maximum for
pollutant property anyone day monthly average

mg/off-kg (lb/million off-lbs) of powder
sized

"
Chromium .006 .003

*Copper .028 .015
*Cyanide .004 .002
*Lead .006 .003
Nickel .028 .019
Zinc .021 .009
Aluminum .094 .047
Iron .018 .009

*Oil and Grease .292 .175
*TSS .599 .285

*pH Within the range of 7.5 to 10.0 at all times

Pollutant or
pollutant property



Table IX-30 (Continued)

METAL POWDERS SUBCATEGORY
BPT EFFLUENT LIMITATIONS

1. 590
8.800
1. 060
1.760

11.200
5.370

28.200
5.370

106.000
172.000

all times

Maximum for
monthly average

10.0 at

1746

3.870
16.700

2.550
3.700

16.900
12.900
56.600
10.600

176.000
361.000
of 7.5 to

Maximum for
anyone day

Chromium
*copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

*Oil and Grease
*TSS

*pH Within the range

BPT
Metal Powders
Oil-Resin Impregnation Spent Neat Oils

There shall be no discharge of process wastewater
pollutants.

mg!off-kg (lb!million off-lbs) of powder
cooled after pressing

BPT
Metal Powders
Hot Pressing Contact Cooling Water

BPT
Metal Powders
Degreasing Spent Solvents

There shall be no discharge of process wastewater
pollutants.

Pollutant or
pollutant property



Table IX-30 (Continued)

METAL POWDERS SUBCATEGORY,
BPT EFFLUENT LIMITATIONS

BPT
Metal Powders
Mix~ng Wet Air Pollution Control Blowdown

1. 420
7.900

.948
. 1. 580
10.100

4.820
25.300

4.820
.. 94.800

154.000
all times

Maximum for
monthly average

10.0 at

1747

3.480
15.000

2.290
3.320

15.200
11. 600
50.800

9.480
158.000
324.000
of 7.5 to

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc •
Aluminum.
Iron

*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of powder
mixed

Pollutant or
pollutant property



Table IX-3t

ALLOWABLE DISCHARGE CALCULATIONS FOR REFRACTORV METALS
FORMING PLANT X IN EXAMPLE 1 (NICKEL)

Waste Stream

Refractory Metals Rolling
Spent Emulsion

aPT aPT
aPT BPT Allowable Allowable

RegulatorY Regulatory One-Day Monthly
Average One-Day Monthly Maximum Average

Dai Iy Maximum Average Ni Discharge Ni Discharge
Production Ni Discharge Ni Discharge for Plant X for Plant X

(off-kg/day) (mg/off-kg)* (mg/off-kg)* (mg/day) (mg/day)

60 0.B24 0.545 49.4 32.7

I-'
-..J
~ -These values are taken from Table IX-25 (Refractory Metals Forming Subcategory).
(Xl

--Allowable discharge concentrations (mg/l) can be calculated by dividing these values by the plant's
daily process water discharge (liters/day).



Table IX-32

ALLOWABLE DISCHARGE CALCULATIONS FOR LEAD-TIN-BISMUTH
FORMING PLANT V IN EXAMPLE 2 (TOTAL SUSPENDED SOLIDS)

BPT BPT
BPT BPT Allowable All owabl e

Regulatory Regulatory One-Day Monthly
Average One-Day Monthly Maximum Average

Dai 1Y Maximum Average TSS Discharge TS$ Discharge
Production TSS Discharge TSS Discharge for Plant y for Plant y

Waste Stream (off-kg/day) (mg/off-kg)* (mg/off-kg)* (mg/day) (mg/day)

Lead Shot Casting Contact Cooling 1,000 1.53 0.728 1,530 726
Water

Lead Extrusion Press or Solution 4,200 59.1 28.1 248,220 118.020
Heat Treatment Contact Coo 1 i ng
Water

Lead Extrusion Press Hydraulic 4,200 2.26 1.07 9,492 4,494
Fluid Leakage

Lead Swaging Spent Emulsion 4,000 0.0726 0.0345 290 138to-'
~ Lead Alkaline Cleaning Spent Bath 4,000 4,92 2.34 19,680 9,360~

'-0



Table IX-32 (Continued)

ALLOWABLE DISCHARGE CALCULATIONS FOR LEAD-TIN-BISMUTH
FORMING PLANT V IN EXAMPLE 2 (TOTAL SUSPENDED SOLIDS)

Waste Stream

Lead Alkaline Cleaning Rinsewater

Average
Daily

Product ion
(off-kg/day)

4.000

BPT
Regulatory

One-Day
Mallimum

TSS Discharge
(mg/off-kg)*

96.8

BPT
Regulatory

Monthly
Average

TSS Discharge
(mg/off-kg)*

46.0

BPT
All owabl e

One-Day
Mallimum

TSS Discharge
for Plant V

(mg/day)

387.200

666,412

BPT
Allowable

Monthly
Averaue

TSS Discharge
for Plant V

(mg/day)

184,000

316.740

......
-..J
U1
o *These values are taken from Table IX-13 (Lead-Tin-Bismuth Forming Subcategory).

or 0.666
kg/day

(1.47
lb/day)

or 0.317
kg/day
(0.098
lb/day)

**Allowable discharge concentrations (mg/l) can be calculated by dividing these values by the plant's
daily process water discharge (liters/day).



Table IX-33

ALLOWABLE Dr SCI-lARGE CALClil_ATIONS FOR NICKEL-COBALT AND T.ITANIuM
FORMING PLANT Z IN EXAMPLE 3 (NICKEL)

Bpr BPT
BPT BPT Allow"able Allo"able

Regulatory Regulatory One-Day Monthly
Average One-Day Monthly Max i mum AverageDai I y Maximum Average Ni DisCharge Ni Dischar~leProduction Ni Discharge Ni .oi scl1argtl for Plant Z for Plant ZWaste Stream (off-k!J/C1ay) (rng/off:-kg)* (mg/off-kg)* (mg/day) (mg/cJayj

Nickel Forging Contact Coo ling 500 471 311 235.500 155.500Water

Nickel Surface Treatment Spent 400 1.80 1.19 720 476Bath

Nickel Surface Treatment Rinse- 400 45.3 30.0 18.120 12.000water

Nickel Wet Air Pollution 400 1.56 1.03 624 412Control Blowdown
I-'
-..l Nickel Miscellaneous Wastewater 500 0.473 0.313 236 156U1 SourcesI-'

Titanium Forging Contact 100 3.84 2.54 384 254Coo ling Water

Titanium Surface Treatment 10 0.400 0.264 4 3Spent Bath

Titanium Surface Treatment 10 56.1 37.1 561 37 IRinsewater



Table IX-33 (Continued)

ALLOWABLE DISCHARGE CALCULATIONS FOR NICKEL-COBALT AND TITANIUM
FORMING PLANT Z IN EXAMPLE 3 (NICKEL)

Waste Stream

Titanium Wet Air Pollution'
Control Scrubber Blowdown

Titanium Miscellaneous Waste­
water Sources

Average
Daily

Production
(off-kg/day)

10

O. I I

BPT BPT
BPT BPT Allowable Allowable

Regulatory Regulatory One-Day Monthly
One-Day Monthly Maximum Average
Maximum Average Ni DisCharge Hi Discharg,e

Ni Discharge Ni Discharge for Plant Z for Plant Z
(mg/off-kg)· (mg/off-kg)· (mg/day) (mg/day)

4.11 2.72 41 27

0.062 0.041 6 4

256,196 169,203

or 0.256 or 0.169
kg/day kg/day
(0.565 (0.373
Ib/day) lb/day)

·These values are taken from Tables IX-19 and IX-28 (Nickel-Cobalt Forming and Titanium
Forming SUbcategories, respectively).

··Allowable discharge concentrations (mg/l) can be calculated by dividing these values by the plant's
daily process water discharge (liters/day).



Table IX-34

ALLOWABLE DISCHARGE CALCULATIONS FOR NICKEL-COBALT AND TITANIUM
FORMING PLANT Z IN EXAMPLE 3 (CYANIDE)

8PT 8PT
BPT BPT Allowable Allowable

Regulatory Regulatory One-Day Monthly
Average One-Day Monthly Maximum Average

Daily Maximum Average CN Discharge CN Discharge
Production CN Discharge CN Discharge for Plant Z for Plant ZWaste Stream (off-kg/day) (mg/off-kg)* (mg/off-kg)* (mg/day) (mgiday)

Nickel Forging Contact Coo·l i ng 500 a a a o.
Water

Nickel Surface Treatment Spent 400 0 a a aBath

Nickel Surface Treatment Rinse- 400 a a a 0water

t-' Nickel Surface Treatment Wet 400 a a a 0
'01 Air Pollution Control Blowdown
U'I
W Nickel Miscellaneous Wastewater 500 a a a 0Sources

Titanium Forging Contact 100 0.5BO 0.240 5B 24Cooling Water

Titanium Surface Treatment 10 0.061 0.025 0.61 0.25Spent 8ath

Titanium Surface Treatment 10 8.47 3.51 84.7 35.1Rinsewater



Table IX-34 (Continued)

ALLOWABLE DISCHARGE CALCULATIONS FOR NICKEL-COBALT AND TITANIUM
FORMING PLANT Z IN EXAMPLE 3 (CVANIDE)

Waste Stream

Titanium Wet Air Pollution
Control Scrubber Blowdown

Titanium Miscellaneous Waste­
water Sources

Average
Dai I y

Production
(off-kg/day)

10

0.1

BPT BPTBPT BPT Allowable AllowableRegulatory Regulatory One-Oay MonthlyOne-Day Monthly Maximum AverageMaximum Average CN Discharge CN DischargeCN Discharge CN Discharge for Plant Z for Plant Z(mg/off-kg)* (mg/off-kg)* (mg/day) (mg/day)

0.621 0.257 6.21 2.57

0.010 0.004 1.0 0.4

150.5 62.3

or 1.5 x 10-4 or 6.23 x 10-5
kg/day kg/day

(3.31 x 10-4 (13.74 x 10-4
lb/day) lb/day)

*These values are taken from Tables IX-19 and IX-28 (Nickel-Cobalt Forming and Titanium
Forming Subcategories, respectively).

**Allowable discharge concentrations (mg/I) can be calculated by dividing these values by the plant's
daily process water discharge (liters/day).
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NOTE: 1) Waste streams which may require specific preliminary treatment are listed
in Table IX-I.

2) Chemical precipitation includes iron coprecipitation when necessary to
remove molybdenum.

Figure IX-l

BPT TREATMENT TRAIN FOR THE NONFERROUS METALS FOID1ING CATEGORY





SECTION X

BEST AVAILABLE TECHNOLOGY ECONOMICALLY ACHIEVABLE

The effluent limitations in this section apply to existing direct
dischargers. A direct discharger is a facility which discharges
or may disch~rge pollutants into waters of the United States.
These effluent limitations, which were to be achieved by July 1,
1984, are based on the best control and treatment technology
employed by a specific point source within the industrial
category or subcategory, or by another industry where it is
readily transferable. Emphasis is placed on additional treat­
ment techniques applied at the end of the treatment systems
currently employed for BPT, as well as improvements in reagent
control, process control, and treatment technology optimization.

The factors considered in assessing best available technology
economically achievable (BAT) include the age of equipment and
facilities involved, the process employed, process changes,
nonwater quality environmental impacts (including energy require7
ments), and the costs of application of such technology. BAT
technology represents the best existing economically achievable
performance' of plants of various ages, sizes, processes, or other
characteristics. Those categories whose existing performance is
uniformly inadequate may require a transfer of BAT from a
different subcategory or category. BAT may include process
changes or internal controls, even when these are not
common industry practice. This level of technology also
considers those plant processes and control and treatment
technologies which at pilot plants and other levels have
demonstrated both technological performance and economic
viability at a level sufficient to justify investigation.

TECHNICAL APPROACH TO BAT

The Agency reviewed and evaluated a wide range of technology
options to ensure that the most effective technologies were used
as ,the basis of BAT. To accomplish this, the Agency examined
three technology alternatives which could be applied to
nonferrous metals forming as BAT options and which would
represent substantial progress toward prevention of
pollution of the environment above and beyond progress
achievable by BPT. The statutory assessment of BAT considers
costs, but does not require a balancing of costs against
effluent reduction benefits [see Weyerhaeuser v. Costle, 11
ERC 2149 (D.C. Cir. 1978)]: however, in assessing the proposed
BAT, the Agency has given substantial weight to the
reasonableness of costs.
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EPA evaluated three levels of BAT for the category at proposal.
option 1 is BPT treatment. Option 2 is BPT treatment plus flow
reduction and in-plant controls. Option 3 provides additional
levels of treatment, including filtration. Options 1, 2, and 3
technologies are, in general, equally applicable to all the
subcategories of the nonferrous metals forming category Each
treatment produces similar concentrations of pollutants in the
effluent from all subcategories. Mass limitations derived from
these options will vary, however, because of the impact of
different production normalized wastewater discharge flow
allowances.

In summary form, the treatment technologies which were considered
as BAT for the nonferrous metals forming category are:

Option I (Figure X-I):
Oil skimming,
Lime and settle (chemical precipitation of metals
followed by sedimentation), and
pH adjustment; and, where required,
Iron coprecipitation,
Chemical emulsion breaking,
Ammonia steam stripping,
Cyanide removal, and
Hexavalent chromium reduction.

(This option is the technology on which BPT is based.)

Option 2 (Figure X-I):

Option 1, plus process wastewater flow reduction by the
following methods:

Contact cooling water recycle through cooling towers
or holding tanks.
Air pollution control scrubber liquor recycle.
Countercurrent cascade rinsing or other water effi­
cient methods applied to surface treatment rinses
and alkaline cleaning rinses.
Use of periodic batch discharges or decreased flow
rate for molten salt ringe.
Recycle of equipment cleaning wastewater, tumbling
and burnishing wastewater, and other wastewater
streams through holding tanks with provision for
suspended solids removal, if necessary.

Option 3 (Figure X-2):

Option 2, plus multimedia filtration at the end
of the Option 2 treatment train. In addition to
filtration, ion exchange was added to the end-of­
pipe treatment train for the removal of gold, where
necessary.
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Option 1

Option 1 is the BPT end-of-pipe treatment technology. This
treatment train depicted in Figure X-I consists of preliminary
treatment, when necessary, .' Consisting > of' chemical emulsion
breaking and oil skimming, ammonia steam stripping,' cyanide
removal, and hexavalent chromium reduction. The effluent from
preliminary treatment is combined with other wastewaters for
combined "treatment by oil skirruning and lime and settle Iron
coprecipitation is added to the end-of-pipe treatment train when
necessary to remove molybdenum.

Option 2

Option 2, depicted in Figure X-2, builds upon the BPT end-af-pipe
treatment technologies by incorporating in-process flow reduction
measures. The flow reduction measures eliminate some wastewater
streams and concentrate the pollutants in others. Treatment of
more concentrated streams allows a greater net removal of
pollutants. Additionally, treating a reduced flow reduces
costs. Methods for reducing process wastewater generation or
discharge include: .

Contact Cooling Water Recycle Through Cooling Towers or Holding
Tanks. The cooling and recycle of contact cooling water from
heat treatment and casting operations was reported for 50
operations in this category. Contact cooling water recycle is
also demonstrated by nonferrous metals manufacturing plants,
aluminum forming plants, copper forming plants, and metal molding
and casting (foundry) plants. The function of contact cooling
water is to remove heat quickly from the nonferrous metals.
Therefore, the principal requirements of the water are that· it be
cool and not contain dissolved solids at a level that would cause
water marks or other surface imperfections. There lS sufficient
industry experience to assure the success of recycle using
cooling towers or heat exchangers. For operations with low
cooling water flow rates, holding tanks should be sufficient to
recycle the cooling water. Although no cooling water was
reported to be discharged from 26 operations by reason of
continued recycle, some blowdown or periodic cleaning is likely
to be needed to prevent a build-up of dissolved and suspended
solids.

Scrubber Liquor Recycle. The recycle of scrubber liquor from wet
air pollution control devices was reported for 32 operations in
this category. The scrubber water picks up particulates and
fumes from the air. Scrubbers and other wet air pollution
control devices have relatively low water quality requirements
for efficient operation, accordingly, recycle of scrubber liquor
is appropriate for nonferrous metals forming operations. For
eight operations, complete recycle of scrubber water with no
discharge is practiced. However, a blowdown or periodic cleaning
may be necessary in some cases to prevent the build~up of
dissolved and suspended solids.
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countercurrent Cascade Rinsing Applied to Surface Treatment
Rinses and Alkaline Cleaning Rinses. Countercurrent cascade
rinsing is a mechanism commonly encountered in nonferrous metals
processing operations (see Section VII). The cleanest water is
used for final rinsing of an item, preceded by rinse stages using
water with progressively more. contaminants to partially rinse the
item. Fresh make-up water is added to the final rinse stage, and
contaminated rinse water is discharged from the initial rinse
stage. The make-up water for all but the final rinse stage is
from the following stage.

The countercurrent cascade rinsing process substantially improves
efficiencies of water use for rinsing. For example, the use of a
two-stage countercurrent cascade rinse can reduce water usage to
less than one-tenth of that needed for a single-stage rinse to
achieve the same level of product cleanliness. Similarly, a
three-stage countercurrent cascade rinse would reduce water usage
to approximately one-hundredth. Through information supplied by
plants in dcps or obtained. during sampling visits by the Agency,
countercurrent cascade rinsing is known to be practiced at six
nonferrous metals forming plants. Most plants did not provide
sufficient information in the dcp to classify the type of rinsing
performed in their operations. Nonetheless, there is sufficient
industry experience in countercurrent cascade rinsing to assume
that a large number of plants use such rinsing operations. The
installation of countercurrent cascade rinsing is applicable to
existing nonferrous metals forming plants because surface
treatment and alkaline cleaning operations are usually
discrete operations and space is generally available for
additional rinse tanks following these operations.

Periodic Batch Discharge or Decreased Flow Rate Applied to Molten
Salt Rinse. Discharge flows from molten salt rinc2 operations
can be significantly reduced by discharging the rinse on a
periodic basis instead of continuously or by decreasing the rinse
application rate. These flow reduction techniques are
demonstrated at three plants in the nickel-cobalt forming
subcategory, one plant in the refractory metals forming
subcategory, and one plant in the zirconium-hafnium forming
subcategory.

Recycle of Wastewater Through Holding Tanks With Suspended Solids
Removal --if Necessary. Discharge flows--rrom a number of
nonferrous metals forming operations can be significantly
reduced by recycle through holding tanks. For streams with
high concentrations of suspended solids, it may be necessary to
add a suspended solids removal step such as filtration,
centrifugation, or gravity settling to the recycle circuit.
The recycle of wastewater after suspended solids removal is
demonstrated at plants in the nonferrous metals forming
category and in other point source categories such as
battery manufacturing. For instance, at one nonferrous metals
forming plant, over 90 percent of the wastewater from a tumbling
operation is recycled through a centrifuge and holding tank. A
few plants reported total recycle of some waste streams,
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e.g., wastewater from one tumbling operation is completely
recycled with no discharge. Although total recycle was
reported by some plants, the Agency believes a blowdown or
periodic cleaning may be necessary to prevent the build-up of
dissolved solids and suspended solids in the recycle circuit.

option 3

Option 3, depicted in Figure X-2, builds upon the technical
requirements of Option 2 by adding conventional mixed-media
filtration after the Option 2 technology treatment train. Ion
exchange is added to the end-of-pipe treatment train for the
precious metals forming subcategory for removal of gold and other
precious metals.

The Agency briefly considered a fourth optioh, filtration without
flow reduction. This option would have been equivalent to Option
1 with the addition of conventional mixed-media filtration after
the Option 1 technology treatment train. However, flow reduction
greatly reduces the size of the" wastewater treatment system
required, and hence its costs. Simultaneously, the efficiency of
the treatment system is increased. For these reasons, the Agency
concluded that filtration without flow reduction was not a
practicable operation. Also, greater pollutant removals could be
achieved by implementing in-process flow reduction prior to end­
of-pipe treatments, including multimedia filtration. For waste
streams which cannot be flow-reduced, this option is equivalent
to Option 3.

Industry Cost and Environmental Benefits of the Various Treatment
Options

The Agency estimated the costs and benefits of the implementation
of each of the options describeo above in order to evaluate their
economic achievability. The capital and annual costs of each
option were estimated for each subcategory. Additional plant­
specific information collected after proposal permitted the
Agency to expand the scope of cost estimation from model plants
representative of a costing group (the proposal cost methodology)
to a plant-by-plant approach where compliance cost estimates are
prepared for each plant. Plant-by-plant cost estimates were
prepared for 149 discharging plants in the nonferrous metals
forming category, including the 37 direct discharge plants.
Total subcategory' cost estimates are presented in Table x-I for
each option. The cost estimates for direct dischargers are
presented in Table X-2. All costs are based on March 1982
dollars.

The cost methodology has been described in detail in Section
VIII. As discussed in Section VIII, the plant-by-plant costs
were estimated in one of three ways: (1) through use of a
computer cost estimation model, (2) through use of cost curves,
or (3) through scaling of costs from other similar facilities.
Selecting the appropriate method for each plant was based primar­
ily on the quality and timeliness of the information available
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for that plant. Capital and annual costs are based on treatment
of the total flow of process wastewater from each plant, regard­
less of its source. The cost of compliance with the nonferrous
metals forming effluent limitations and standards was then
determined as a portion of the total plant cost. Costs were also
apportioned between subcategories when a plant had operations
associated with more than one nonferrous metals forming subcate­
gory. This costing methodology accounts for the fact that many
nonferrous metals forming plants also generate wastewater from
other industrial categories or generate wastewater from opera­
tions associated with more than one nonferrous metals forming
subcategory. The costs for the 149 nonferrous metals forming
plants were extrapolated to estimate the compliance cost for the
additional nine plants for which detailed information was not
available.

Capital and annual cost data for the selected treatment processes
were obtained from three sources (1) equipment manufacturers, (2)
literature data, and (3) cost data from existing plants. The
major source of equipment costs was contacts with equipment
vendors, while the majority of annual cost information was
obtained from the literature. Additional cost and design data
were obtained from data collection portfolios, when possible.
Pollution reduction benefit estimates were calculated for each
option for each subcategory. Total subcategory benefit estimates
are presented in Tables X-3 through X-ll. Benefits for direct
dischargers are presented in Tables X-ll through X-20. Benefits
for indirect dischargers are presented in Section XII •.
The first step in the calculation of pollutant reduction benefit
estimates was the calculation of production normalized raw waste
values. The sampling data collected during the field sampling
program and summarized in Section V were used to ~haracterize the
waste streams in each nonferrous metals forming subcategory. At
each sampled facility, the sampling data were converted into
production normalized values (i.e., mass of pollutants generated
per mass of product manufactured) for each waste stream. The
production normalized values, referred to as raw waste values in
this document, were used to estimate the mass of pollutants
generated in the subcategory.

The raw waste values for each pollutant were calculated by
mUltiplying the pollutant concentration (mg/l) by the correspond­
ing waste stream flow (l/unit time) and dividing this result by
the corresponding production (kkg/unit time) associated with
generation of the waste stream. This calculation was performed
for each raw wastewater sample. All raw waste values for a given
waste stream were then averaged to determine the average raw
waste value for the pollutant in that waste stream. The average
raw waste value was used as the basis for estimating the mass of
pollutant generated in the waste stream (kgjyr), also referred to
as the raw waste generation. Average raw waste values were
calculated for all waste streams for which sampling data were
available at the time the benefit calculations were performed.
When sampling data were not available for a given waste stream,
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the raw waste values for a stream with similar water quality
characteristics were used (see Section V of this docume~t). The
raw waste values used in the pollutant reduc(ion benefit calcula­
tions are included in the public record supporting this regula­
tion.

Pollutant reduction benefits were calculated for direct and
indirect· dischargers. The benefits for direct and indirect
dischargers were then added to determine total subcategory
benefits. The calculation of pollutant reduction benefits
involves three basic steps: (1) calculation of raw waste genera­
tion, (2) calculation of pollutant discharges, and (3) calcula­
tion of pollutant removals. The raw waste generation (kg/yr)
associated with both direct and indirect disch~rgers was calcu­
lated for each pollutant for each subcategory. To deter~line the
total raw waste generation associated with direct or indirect
dischargers for a given pollutant, the raw waste generation of
that pollutant is determined for each waste stream in the subcat­
egory and the results for the inqividual waste streams are added.
The raw waste generation for individual waste streams is calcu­
lated by multiplying the total waste stream production for "direct
or indirect discharge plants (kkg/yr) by the average raw waste
value for the pollutant in the waste stream (kkg/yr x mg/kkg - 1
x 106 = kg/yr).

The mass discharged (kg/yr) for each pollutant for each option
was calculated for both direct and indirect dischargers in each
subcategory. The pollutant discharge mass was calculated by
multiplying the total flow (l/yr) for those waste streams which
enter the treatment system, by the treatment effectiveness
concentration (rng/l) (Table VII-2l, p. xxxx) for each pollutant
for the appropriate option. The total flow was determ{ned by
adding the flows for each individual stream dischargod to treat­
ment for the option under consideration. The flows for individ­
ual waste streams were calculated by multiplying the ~otal direct
or indirect discharger production for the waste stream (kkg/yr)
by the production normalized regulatory flow (l/kkg) for the
stream (kkg/yr x l/kkg = l/yr).

The total mass of pollutant removed was calculated by subtrac~ing

the pollutant discharge mass (kg/yr) from the raw waste genera~

tion (kg/yr).

BAT OPTION SELECTION

The Agency evaluated the compliance costs and benefits for each
of the options considered under BAT on a subcategory-by­
subcategory basis. Compliance costs and benefits for the nonfer­
rous metals forming category are presented in Tables X-I through
X-20. Both Options 2 and 3 provided additional pollutant reduc­
tion beyond that provided by Option 1, the option selected for
BPT.
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EPA has selected Option 3 as the basis for BAT effluent limita­
tions in four subcategories and Option 2 as the basis for five
subcategories. Option 1 was selected as the basis for the BAT
limitations in one subcategory. Table X~23 presents a summary of
the selected BAT option for each subcategory.

Option 3 has been selected as the basis for the BAT limitations
for four subcategories because it increases pollutant removals
over 8PT and Option 2, and the incremental removals are high in
relationship to the incremental costs BAT limitations for the
following subcategories are based on Option 3: nickel-cobalt
forming, refractory metals forming, uranium forming, and zinc
forming. Option 3 builds upon the technologies established for
BPT. Flow reduction measures and multimedia filtration 3re the
principal mechanisms for reducing pollutant discharges at this
option. Flow reduction measures concentrate the pollutants in
wastewater streams. Treatment of a more concentrated stream
allows a greater net removal of pollutants. In addition, flow
reduction lowers the cost of treatment by reducing the flow and
hence pumping and chemical costs and the size of treatment
equipment. In many cases, the costs for reducing a wastewater
flow and treating the reduced flow with lime, settle, and multi­
media filtration are less than the costs of treating a non­
reduced wastewater flow by lime and settle alone. All of the
flow reduction measures included in BAT are demonstrated in the
nonferrous metals forming category as well as other point source
categories.

metals
source

Filtration is demonstrated at one plant in the nonferrous
forming category and numerous plants in other point
categories as well.

Option 2 has been selected as the basis for BAT limitations for
the following subcategories: lead-tin-bismuth forming, magnesium
forming, precious metals forming, titanium forming, and
zirconium-hafnium forming. Lime and settle treatment is
particularly effective for these subcategories. When it is
applied after flow reduction, the amount of toxic metal
pollutants remaining in the wastewater is not significant. The
application of filters after lime and settle treatment at lead­
tin-bismuth forming, magnesium forming, precious metals forming,
and zirconium-hafnium forming direct dischargers would remove
less than 2 kg/yr of additional toxic metal pollutants, at an
incremental cost of $233,790. The addition of filters to the
end-of-pipe treatment train for titanium forming direct
dischargers would result in the removal of an additional 18.5
kg/yr of toxic metals, at an incremental cost of $122,000. EPA
believes that these costs are not justified by the amount or
toxicity of the additional pollutants removed.

Option 1 has been selected as the basis for BAT limitations for
the metal powders subcategory. None of the direct dischargers in
this SUbcategory have any of the processes for which additional
flow reduction measures above those included in the Option 1



model technology were added at Option 2. Since the Agency cannot
show any incremental pollutant removal with the application of
additional flow reduction technologies to direct dischargers, the
BAT limitations are based on Option 1. Thus, BPT and BAT limita­
tions for the metal powders subcategory are equal.

REGULATED POLLUTANT PARAMETERS

In each nonferrous metals forming subcategory, the raw wastewater
concentrations from individual operations and the subcategory as
a whole were examined to select those pollutant parameters found
at frequencies and concentrations warranting regulation. In
general, in each subcategory EPA has selected for regulation the
two or three priority metals present at the highest concentra­
tions in the raw waste, because in removing these two or three
priority metals, the lime and settle treatment system also
provides adequate removal of the priority and nonconventional
metal pollutants present at lower concentrations. By
establishing limitations for only two or three priority metal
pollutants instead of all priority metals present at treatable
concentrations, dischargers should attain the same degree of
control as they would have been required to achieve had all
priority metal pollutants been directly limited, with fewer
monitoring and recordkeeping requirements.

In each sUbcate~ory, the metal pollutant present in the highest
concentration 1S the metal being subjected to the forming
operations. In several subcategories the metal pollutant present
in the greatest amount is a priority pollutant (nickel in the
nickel-cobalt forming subcategory, for example). In other
subcategories, the metal pollutant present in greatest amount is
a nonconventional pollutant (titanium in the titanium forming
subcategory, for example). In general, EPA is not regulating
nonconventional metal pollutants, even when they are the metal
being formed. The Agency has concluded that regulation of just
the priority metal pollutants will in most cases ensure the
nonconventional metal pollutants are removed. Further,
establishing regulations for only the priority metal pollutants
allows plants greater flexibility in combining wastewater streams
for treatment which are covered by more than one category or
subcategory, because the pollutants controlled are more likely to
be the same. However, EPA is regulating one nonconventional
metal pollutant, molybdenum, in the refractory metals forming and
uranium forming subcategories. A lime and settle system alone
will not remove molybdenum adequately; it is necessary to add
iron to coprecipitate molybdenum. Molybdenum is present in
significant concentrations at refractory metals plants because it
is one of the refractory metals being formed. It is also present
in significant concentrations at uranium forming plants because
it is used as a major alloying agent in depleted uranium alloys.

As discussed in Section VII, maintaining the correct pH in the
treatment system is important to assure adequate removal of
priority metal pollutants. The Agency believes that by
maintaining the correct pH range for removal of the regulated
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pollutants, removal of the other priority and nonconventional
metal pollutants not specifically regulated should be assured.
The Agency believes that the mechanism and the chemistry of
priority metals removal in a lime and settle system are the same
for all of the priority metals. This theoretical analysis is
supported empirically by performance data .of lime and settle
systems collected by the Agency The theoretical background
metal priority pollutants removal as well as the performance have
been presented in Section VII.

The Agency is also regulating certain priority and nonconven­
tional pollutants which must be removed by preliminary treatment
prior to combined wastewater treatment by lime and settle.

Hexavalent chromium is present in the surface treatment baths and
rinses from some subcategories. Hexavalent chromium must be
reduced to the trivalent form prior to combined end-of-pipe
treatment, since only the trivalent form of chromium is removed
by lime and settle treatment Therefore~ chromium is
specifically regulated in some subcategories because preliminary
chromium reduction is needed to ensure the removal of this
pollutant when it is present in the hexavalent form. Total
cyanide is regulated in subcategories where it is present at
treatable concentrations, preliminary cyanide precipitation is
needed to remove this pollutant from raw wastewater Ammonia is
regulated in subcategories where it was found at treatable
concentrations; preliminary ammonia steam stripping is needed to
remove the nonconventional pollutant .ammonia.

Priority organic pollutants were found in two nonferrous metals
forming waste streams. N-nitrosodiphenylamine was found in a
significant amount in a sample of tube reducing lubricant. In
addition, methylene chloride and toluene were fvund in the
rinse which followed a solvent cleaning bath which contains
these compounds. The Agency is requiring zero discharge from
these wastewater streams. This requirement affects three
subcategories: nickel-cobalt, titanium, and zirconium-hafnium.
Tube reducing lubricants are currently hauled, rather than
discharged by the majority of plants that generate this waste.
Since they tend to be small in volume and highly concentrated,
the Agency has concluded this is the most practical disposal
alternative. These waste streams can be most economically
handled by intercepting each such waste stream before
mixing it with other process wastewaters and disposing of
it as a solid waste. Treatment of the wastes with
activated carbon after mixing. it with other process
wastewater~ would be much more expensive. However, the
Agency has provided an alternative to contract hauling for
plants regulated by the nickel-cobalt forming or zirconium­
hafnium forming subcategories. The Agency has provided no
allowance for the discharge of process wastewater pollutants if
the following conditions are met. Once each year the facility
owner or operator, (I) demonstrates the absence of N-nitrosodi-n­
propylamine, N-nitroso-dimethylamine and N-nitrosodiphenylamine
by sampling and analyzing spent tube reducing lubricant; and (2)
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certifies that the tube reducing lubricants do not contain amine
compounds, nitrates or nitrite.

Solvents are commonly used by nonferrous metals forming companies
to clean oils from the surface of the metal; these processes are
almost always dry. However, at one plant sampled after proposal,
the Agency observed and sampled an organic solvent cleaning
process that involves the generation of contaminated rinse. EPA
is establishing a zero discharge allowance for this waste
stream. Other plants perform the same process without generating
any wastewater, by using solvents which need not be followed by a
water rinse or by using cleaning agents other than solvents
(e.g., detergents). EPA has based the zero discharge requirement
on a process change which should achieve the same product quality
as a water rinse at very little .expen~e. Instead of operating a
solvent bath followed by a ~ater rins~, .this plant can convert
the water rinse into a second solvent cleaning step, or eliminate
the use of solvents entirely Treatment of this wastewater with
activated carbon would be prohibitively expensive.

The Agency found l,l,l-trichlproethane in small amounts in the
nickel-cobalt, refractory metal~, zirconium-hafnium and metal
powders subcategories The Agency also found chlorodibromo­
methane, bis(2-ethylhexyl) phthalate, and di-n-butyl phthalate in
small amounts in zinc forming process wastewater. From the
available data, the Agency believes these pollutants are unique
to those sources and are not present as an integral part of the
nonferrous forming process. Therefore, EPA is not regulating
these pollutants. However, the permit writer should consider the
possible presence of priority organic pollutants in· nonferrous
metals forming wastewater and, if found, should control them
under this regulation on the basis of best professional judgment

Regulation of priority metal pollutants does not ensure that
fluoride will be adequately removed from raw wastewater since
this pollutant precipitates from the lime and settle treatment
system as calcium fluoride. Control of the metal pollutants
requires the addition of an alkali to raise the pH and cause the
metals to precipitate as hydroxides. As stated in Section VII,
page xxxx, this alkali can be one of several agents. However,
to remove fluoride and metals in. the same treatment system, the
alkali most commonly used is lime because it also contributes
calcium that causes precipitation of fluoride.. When fluoride is
present at higher concentrations than metal pollutants, the
addition of excess calcium may be necessary·to remove fluoride to
the treatment effectiveness concentration shown in Table VII-2l
(page ). Therefore, fluoride is specifically regulated in
the six subcategories in which it was found at treatable concen­
trations.
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The conventional pollutant parameters oil and grease, total
suspended solids, and pH are not regulated under BAT. These
pollutants parameters are regulated under the best conventional
technology (BCT) effluent limitations. As discussed in Section
XIII, the BCT effluent limitations guidelines will b~ developed
after EPA promulgates a final BCT methodology.

LEAD-TIN-BISMUTH FORMING SUBCATEGORY

Discharge Flows

T~hle Y-24 lists the BAT regulatory flows for waste streams in
the lead-tin-bismuth forming subcategory. All waste streams
which received a BPT flow allowance also receive an allowance
under BAT. The regulatory flows for four waste streams have been
decreased at BAT based on the application of in-process flow
reduction control measures. The four flow reduced waste streams
are: extrusion press and solution heat treatment contact cooling
water, semi-continuous ingot casting contact cooling water, shot
forming wet air pollution control blowdown, and alkaline cleaning
rinse. Calculation of the BAT regulatory flows for these four
flow reduced streams is discussed below. The BAT regulatory
flows for all other waste streams in the subcategory are equal to
the BPT regulatory flow discussed in Section IX.

Lead-Tin-Bismuth Extrusion Press and Solution "Heat Treatment
Contact Cooling Water. The BAT regulatory flow for this stream
is 144 l/kkg (34.6 gal/ton). The BAT regulatory flow is 90
percent reduction of the BPT flow, based on recycle through a
cooling tower or holding tank. Holding tanks are used in place
of cooling towers for streams with low flow rates. Extrusion
press and solution heat treatment contact cooling water from
three operations in this subcategory is completely r~cycled with
no discharge while cooling water from a fourth operation is
recycled and periodically contract hauled. The recycle of heat
treatment contact cooling water is demonstrated in other
nonferrous metals forming subcategories and other point . source
categories as well. Although the cooling water from three
operations in this subcategory was reported to be completely
recycled with no discharge or blowdown, the Agency believes a
periodic discharge or bleed stream may be needed to prevent the
build-up of dissolved solids in the recycle circuit.
Therefore, EPA has provided a discharge allowance equal to 10
percent of the BPT flow for this waste stream.

Lead-Tin-Bismuth Semi-Continuous Ingot Casting Contact Cooling
Water. The BAT regulatory flow for this stream is 2.94 l/kkg
(0.70 gal/ton). The BAT regulatory flow is a 90 percent
reduction of the BPT flow, based on recycle through a cooling
tower or holding tank. The recycle of casting contact cooling
water is demonstrated in the nonferrous metals forming category
as well as other point source categories.

Lead-Tin-Bismuth Shot Forming Wet Air Pollution Control Blowdown.
The BAT regulatory flow for this-stream is 58.8 l/kkg (14.07
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reduction of
tank. The

demonstrated
other point

gal/ton). The BAT regulatory flow ~s, a 90 percent
the BPT flow, based on recycle through a hold~ng

recycle of wet air pollution control wastewater is
in the nonferrous metals foimi'ng c<;lteg'oiy as, weli as
source categories.

Lead-Tin-Bismuth Alkali~e c'ieanfng Ri'nse. The BAT regUlatory
flow for this stream is 236 l/kkif (56.5 .gal/ton). The BAT
regulatory flow is a 90 percent reduction of , the BPT flow, based
on the application of countercurrent cascade rinsing with sprays.
Although countercurrent cascade rinsing is not used in any of the
four alkaline cleaning rinse opera~ions reported for this
subcategory this technology is demonstrated at other nonferrous
metals forming plants and in other point source categories as
well.

RegUlated Pollutants

The pollutants considered (q.r ,reglllation 'unde'r ElAT are listed in
Section ' VI, ,along' with' an., explanati'on of why they were
considered,.' The ppLJ,utants. s~l,ected ,eor regula,tion under
BAT are antimony and lead. These two pollutants were the only
priority , p6llutants. cQnsider~d ~8~ reg~l~tiori i~. this
subcategory. ': c' ' ,

" ,

Treatment T,rain

The BAT model end-of-pipe treatment technolbgy for ~he lead-tin­
bismu~h formiqg subcategory is lime and settle. This is the same
end-of-pipetechnology as BPT, "'w,ith theaddit,ion of measures to
reduc~. the flows from selected waste ,streams.' The. end-of-pipe
treatment 'conf iguration is shown in. Figure X-,2. The combination
of in-process cdntrol and ~nd-ot~pipe technolo~y increases the
rem,ovals of pollutants over' that, 'achiev"ed by, BPT and is
demonstrated and technically achievable.' ...

Effluent Limitations

Ta~le YII-21 (page xxxx) presents the treatment effectiveness
corresponding to,. the BAT model treatment train for pollutant
parameters considered 'for r,egula'tibii in the lead-tin-bismuth
forming subcategory.' Eff~uent concentrations (one-day maximum
and ten-day average values) are mUltiplied by the BAT regulatory
flows summarized in .Table X-24 to calcul~te the, mass of pollutant
allowed to be discharged per mass of product. The results of
these calculations are shown in Table X-25.

Benefits

In establishing BAT,. Ei>A co'nsidered, th~ cost' of treatment and
control and the pollutant reduction benefits. to evaluate economic
achievability. As shown in Table- X:-3,. the application of BAT
level treatment to the tota;L le'ad-,tin-bismuth forming, subcategory
will remove approximately '6,520 kg/yr '( 14,345 Ibs/yr), of
pollutants including 249 kg/yr (548 Ibs/yr) of priority
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pollutants. As Shown' in.t~ble X-13, the application of BAT to
direct dischargers only will remove approximately 1,710
kg/yr (3,762 Ibs/yr) o~ pol~utantsincluding 49 kg/yr (108
Ibs/yr) of priority pollutants. Since there are only three
direct discharge plants in this subcategory, total subcategory
capital and annual costs and direct discharger capital and
annual costs w~ll not ,be reported in this document in order
to protect confidenti~lityclaims. The Agency has determined
that the BAT limitations are economically achievable .

..
MAGNESIUM FORMING SUBCATEGOR~

Discharge Flows

Table X-26 lists the BAT regulatory flows for waste streams in
the magnesium forming subcategory, ,All waste streams which
received a BPT flow allowance also receive an allowance under
BAT. The regulatory flows for three waste streams have been
decreased at BAT based qn ,the application of in-process flow
reduction control me~sures The three flow reduced waste streams
are: forging contact cooling water, forging equipment cleaning
wastewater, and surface treatment rinse. Calculation of the BAT
regulatory flows for these three flow reduced streams is
discussed below. The BAT regulatory flows for all other waste
streams in the subcategory are equal to the BPT regulatory flows
discussed in Section IX.

Magnesium Forging Contact Cooling Water. The BAT regulatory flow
for this stream is 289 l/kkg (69.3 gal/ton). The BAT regulatory
flow is a 90 percent reduct\on,of the BPT flow, based ori recycle
through a holding tank or cooling ~owe~. Holding tanks are used
in place of cooling towers for strea~~ with low flow ~ates. The
recycle of forging contact ~ooling witer is demonstrated in one
operation in this subcategory where total recycle of the cooling
water with no discharge waS reported. Contact, cooling water
recycle is also demonstrated in other nonferrous forming
subcategories as well as other point", source categories.
Al though. total recycle ~'.t th no disc'harge was reported for one
forging, operatJpn in this Siub¢ategory, the Agency believes that
a periodic blowdown, or bleed, st'ream of cooling' water. may be
necessary to prevent t.lJe p'uild,~up of ~H.,ssolved ,solids in the
recycle circuit. Therefore, EPA has pro~ided a, discharge
allowance equal to 10 peJ:'cent of the BP''i' flow ,fo,r this waste
stream. . ..'

Magnesium Forging Equipment Cleaning Wastewater. The BAT
regulatory flow for this stream is 3.99 l/kkg (0.959 gal/ton).
The BAT regulatory flow ~s a 90 percent reduction of the BPT
flow, based on recycle through a holdipg tank with prov~s~on

for removal of suspenged solids, if necessary, by filtration,
gravity settling, or another suspended solids removal step. The
recycle of waste-water '~hrough holdirig tanks with suspended
solids removal if necessary is demonstrated in the
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Treatment Train

Effluent Limitations

pointotheras
-, ,-,

category as wellforming

Table VII-21 (page xxxx) presents the treatment effectiveness
corresponding to the BAT model treatment train for pollutant
parameters considered for regulation in the magnesium forming
subcategory. Effluent concentrations (one-day maximum and ten­
day average values) are multiplied by the BAT regulatory flows
summarized in Table X-26 to calculate the mass of pollutant
allowed to be discharged per mass of product. The results of
these calculations are shown in Table X-27. Although no
limitations have been established for magnesium, Table X-27
includes magnesium mass discharge limitations attainable using
the BAT model technology. These limitations are presented
for toe guidance of permit writers. Only daily maximum
limitations are presented, based on the detection limit for
magnesium (0.10 mg/l), because lime and settle treatment was
determined to remove magnesium to below the level of analytical
quantification. The attainable monthly average discharge .is

The BAT model end-of-pipe treatment technology for the magnesium
forming subcategory is lime and settle. This is the same end-of­
pipe technology as BPT,· with the addition of measures to reduce
the flows from selected waste streams. The end-of-pipe treatment
configuration is shown in Figure X-2. The combination of in­
process control and end-of-pipe technology increases the removals
of pollutants over that achieved by BPT and is demonstrated and
technically feasible.

The pollutants considered for regulation under BAT are listed in
Section VI, along with an explanation of why they were
considered. The only priority pollutants considered for
regulate were total chromium and zinc. Total chromium and
zinc selected for regulation under, BAT along -wi th . the
nonconventionals pollutants ammonia and fluoride. Although
effluent limitations guidelines and standards for magnesium
were proposed, no limitations for magnesium were
established in the final regulation. This is because
regulation of the priority metal pollutants chromium and zinc
should ensure that magnesium is removed. The technology
required for removal of chromium and zinc (lime and settle) will
also remove magnesium.

Regulated Pollutants

Magnesium Surface Treatment Rinse. The BAT regulatory flow for
this stream is 1,890 l/kkg (452 gal/ton). The BAT regulatory
flow is a 90 percent reduction of the BPT flow, based on the
application of countercurrent cascade rinsing. This technology
is demonstrated in the nonferrous metals forming category and
other point source categories.

nonferrous metals
source categories.



expected to be lower than the one-day maximum limitation, but
since it would be impossible to monitor for compliance with a
lower level, no monthly average has been presented. The
limitation table lists all the pollutants which were
considered for regulation. Those specifically regulated
are marked with an asterisk.

Benefits

In establishing BAT, EPA considered the cost of treatment and
control and the pollutant reduction benefits to evaluate economic
achievability. As shown in Table X-4, the application of BAT
level treatment to the total magnesium forming subcategory will
remove approximately 34,100 kg/yr (75,020 Ibs/yr) of poJ.lutants
including 16,900 kg/yr (37,180 Ibs/yr) of priority pollutants.
As shown in Table X-I, the corresponding capital and annl1al costs
(1982 dollars) for this removal are $158,500 and $99,000 per
year, respectively. As shown in Table" X-14, the application of
BAT to direct dischargers only will remove approximately 29,035
kg/yr (63,880 Ibs/yr) of pollutants including 14,800 kg/yr
(32,560 Ibs/yr) of priority pollutants. As shown in Table X-2,
the corresponding capital and annual costs (1982 dollars) for
this removal are $79,400 and $45,500, respectively. The Agency
has determined that the BAT limitations are economically
achievable.

NICKEL-COBALT FORMING SUBCATEGORY

Discharge Flows

Table X-28 lists the BAT regulatory flows for waste streams in
the nickel-cobalt forming subcategory. All waste streams which
received a BPT flow allowance also receive an alluwance under
BAT. The regulatory flows for eight waste streams have been
decreased at BAT based on the application of in-process flow
reduction control measures. The eight flow reduced waste streams
are: rolling contact cooling water; forging contact cooling
water, forging equipment cleaning wastewater, stationary casting
contact cooling water, surface treatment rinse, alkaline
cleaning rinse, molten salt rinse, and sawing or grinding
rinse. Calculation of the BAT regulatory flows for these eight
streams is discussed below. The BAT regulatory flows for all
other waste streams in the subcategory are equal to the BPT
regulatory flows discussed in Section IX.

Nickel-Cobalt Rolling Contact Cooling Water. The BAT regulatory
flow for this stream is 75.4 l/kkg (18.0 gal/ton). The BAT
regulatory flow is a 98 percent reduction of the BPT regulatory
flow, based on recycle through a cooling tower or holding tank.
Holding tanks are used in place of cooling towers for streams
with low flow rates. Ninety-eight percent recycle of rolling
contact cooling water is demonstrated in one rolling operation
from this subcategory. Total recycle of the contact cooling
water with no discharge was reported for two other operations.
Although zero discharge was reported for two operations, the
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Agency believes a periodic discharge or bleed stream may be
needed in order to prevent the build-up of dissolved solids in
the recycle circuit. Therefore, EPA has provided a discharge
allowance equal to 2 percent of the BPT allowance for this waste
stream.

Nickel-Cobalt Forging Contact Cooling Water. The BAT regulatory
flow for forging contact cooling water is 24.5 l/kkg (5.89
gal/ton). The BAT regulatory flow is a 90 percent reduction of
the BPT flow, based on recycle through a cooling tower or holding
tank. Recycle of forging contact cooling water is demonstrated
by one plant in this subcategory where over 95 percent recycle is
achieved (although this plant reported discharging 53.5 l/kkg
(12.8 gal/ton». Contact cooling water recycle is also
demonstrated at other nonferrous forming plants as well as in
other point source categories.

Nickel-Cobalt Forging Equipment'Cleaning Wastewater. The BAT
regulatory flow for this stream is -4.00 l/kkg (0.957 gal/ton).
The BAT regulatory flow is a 90 percent reduction of the BPT
flow, based on recycle through a holding tank with provision for
suspended solids removal, if necessary, by gravity settling,
filtration, or another suspended solids removal step. Recycle
through holding tanks with suspended solids removal when
necessary is demonstrated in the nonferrous metals forming
category and other point source categories.

Nickel-Cobalt Stationary Casting Contact Cooling Water. The BAT
regulatory flow for this waste stream is 1,210 l/kkg (290
gal/ton). The BAT regulatory flow is a 90 percent reduction of
the BPT flow, based on recycle through a cooling tower or holding
tank. Recycle of stationary casting contact cooling water is
demonstrated by one plant in this subcategory where total recycle
of the cooling water with no discharge was reported. Casting
contact cooling water recycle is also demonstrated at other
nonferrous metals forming plants and plants in other categories.
Although one plant in this subcategory reported total recycle
with no discharge, the Agency believes a periodic discharge or
bleed stream may be needed to prevent the build-up of dissolved
solids in the recycle loop. Therefore, EPA has provided a
discharge allowance equal to 10 percent of the BPT flow for this
waste stream.

Nickel-Cobalt Surface Treatment Rinse. The BAT regulatory flow
for surface treatment rinse is 2,360 l/kkg (565 gal/ton).
The BAT regulatory flow is a 90 percent reduction of the BPT
flow, based on the application of countercurrent cascade
rinsing. Countercurrent cascade rinsing is demonstrated by one
plant in this subcategory and plants in other subcategories of
this category, as well as plants in other point source
categories. Another method for reducing or eliminating the
discha\ge from surface treatment rinses is to recycle the
effluent from wastewater treatment to the surface treatment
rinse operation. This practice was reported by one plant in
the nickel-cobalt forming subcategory. Reuse of surface
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Treatment Train

reportedalsowasfor molten salt rinsing
this subcategory.

The pollutants considered for regulation under BAT aie listed in
Section VI, along with an explanation of why they were
considered. The pollutants selected for regulation under BAT are
total chromium, nickel, and fluoride. The priority metal
pollutants cadmium, copper, lead, and zinc, listed in Section
VI, are not regulated under BAT. These pollutants are expected
to be adequately removed by achievement of the limitations for
chromium, nickel, and fluoride.

Regulated pollutants

Nickel-Cobalt Molten Salt Rinse. The BAT regulatory flow for
molten salt rinse is--844 l/kkg (202 gal/ton). The BAT
regulatory flow is a 90 percent reduction of the BPT flow, based
on the use of periodic batch discharge or decreased flow rate, as
demonstrated by three plants currently discharging at less than
the BAT regulatory flow.

Nickel-Cobalt Sawing or Grinding Rinse. The BAT regulatory flow
for this waste stream is 181 l/kkg (43.5 gal/ton). The BAT
regulatory flow is a 90 percent reduction of the BPT flow, based
on recycle through a holding tank with provision for removal of
fines, if necessary, by gravity settling, filtration or another
suspended solids removal step. Recycle through holding tanks
with provision for suspended solids removal when necessary is
demonstrated in this category as well as other point source
categories.

The BAT model end-of-pipe treatment technology for the
nickel-cobalt forming subcategory is lime settle and filter.
This adds filtration to the BPT end-of-pipe technology, and
in-process controls to reduce the flows from selected waste
streams. The end-of-pipe treatment configuration is shown in
Figure X-3. This combination of in-process control and end­
of-pipe technology increases the removals of pollutants over
that achieved by BPT and is demonstrated and technically
feasible.

treatment rinse
by one plant in

Nickel-Cobalt Alkaline Cleaning Rinse. The BAT regulatory flow
for alkaline cleaning rinse is 233 l/kkg (55.8 gal/ton).
The BAT regulatory flow is a 90 percent reduction of the BPT
flow, based on the application of countercurrent cascade
rinsing. Another method for reducing or eliminating the
discharge of alkaline cleaning rinse is to recycle wastewater
treatment effluent to the alkaline cleaning rinse operation.
This practice is demonstrated by one plant in the nickel-forming
subcategory.



Effluent Limitations

Table VII-21 (page xxxx) presents the treatment effectiveness
corresponding to tpe BAT mode+ treatment train for pollutant
parameters considered for regulation in the nickel-cobalt forming
subcategory. Effluent concentrations (one-day maximum and ten~
day average values) are multiplied by the BAT regulatory flows
summarized in Table X-28 to calculate the mass of pollutant
allowed to be discharged per m~ss of product. The results of.
these calculations are shown in Table X-29. Although no
limitations have been.established for cadmium, copper, lead or
zinc, Table X-29 includes mass discharge limitations for these
pollutants which are attainable using the BAT model technology.
The limitation table lists all Qf the pollutants which were
considered for regulation. Those speci.fically regulated are
marked with an asterisk.

Benefits

In establishing BAT, EPA considered the cost of treatment and
control and the pollutant reduction benefits to evaluate economic
achievability. As shown in Table X-S, the application of BAT
level treatment to. the total nickel-cobalt forming. subcategory
will -remove approximat~ly 817;000 kg/~r (1,800,000 Ibs/yr) of
pollutants including 103,500 kg/yr (28,000 Ibs/yr) of priority
pollutants. As shown in Table X-l,the corresponding capital and
annual costs (1982 dollars) for this removal are $4.115 million
and $2.401 million per year, respectively. As shown in Table x­
IS, the application of BAT to di.rect dischargers only will remove
approximately' 34,800 kg/yr (76,600 Ibs/yr) of pollutants
including 10,950 kg/yr (24,100 lbs/yr) of priority pollutants.
As shown in· Table X-2, the corresponding capital and annual co'sts
(1982 dollars) for thi~ r~moval are $0.493 million and $0.242
million per year, respectively. The Agency has determined that
the BAT limitations are economically achievable.

PRECIOUS METALS FORMING SUBCATEGORY

Disch~rge Flows

Table X-30 lists the BAT regulatory flows for waste streams in
the precious metals forming subcategory. All waste streams which
received a BPT flow allowance also receive an allowance under
BAT. The regulatory flows for eight waste streams have been
decreased at BAT based on the application of in-process flow
reduction control measures. The eight flow reduced waste streams
are: direct chill ~asting contact cooling water, shot casting
contact cooling water, semi-continuous and continuous casting
contact cooling water, heat treatment contact cooling water,
surface treatment rinse, alkaline cleaning rinse, alkaline
cleaning prebonding wastewater, and tumbling or burnishing
wastewater. Calculation of BAT regulatory flows for these
eight flow reduced streams is discussed below.. The BAT
regulatory flows for all other waste streams in the subcategory
are equal to the BPT regulatory flows discussed in Section IX.
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Precious Metals Shot Casting Contact Cooling water. The BAT
regulatory flow for shot casting contact,pooling water is 367
l/kkg (88.0 gal/ton). The BAT regulatory flow is a 90 percent
reduction of the BPT flow, based on recycle through a cooling
tower or holding tank. The recycle of casting contact cooling
water is thoroughly demonstrated in this category and other point
source categories. "

Precious Metals Heat Treatment Contact Cooling Water. The BAT
regulatory flow for heat treatment contact cooling,water is 417
l/kkg (100 gal/ton). The BAT regulatory flow is a 90 percent
reduction of the'BPT flow, based on recycle through a cooling
tower or holding tank. The recycle of contact cooling water is
demonstrated in several precious metals forming heat treatment
operations. In three operations, total recycle of the cooling
water with no discharge of cooling water was reported. Only
periodic discharges of contact cooling water were reported for
three other operations. Although total recycle of the cooling
water was reported for three heat treatment operations, the

Precious Metals Direct Chill Casting Contact Cooling Water. The
BAT regulatory flow for this waste 'stream is 1,080 llkkg (259
gal/ton). The BAT regulatory flow'is a 90 p~rcent reduction of
the BPT flow, based on recycle through a cooling tower or holding
tank. Holding tanks aie used in place of cooling towers for
streams with low flow rates. Recycle of direct chill casting
contact cooling water is demonstrated at one precious metals
forming plant where total recycle of the cooling water with, no
discharge was reported. Casting contact cooling water recycle is
demonstrated at other nonferrous metals forming plants as well as
at plants in other point source categories.. Although total
recycle with no discharge was reported by one precious metals
forming plant, the Agency believes a periodic discharge or bleed
stream may be needed to prevent the build-up of dissolved solids
in the recycle circuit. Therefore, EPA has provided a discharge
allowance equal to 10 percent of the BPT allowance for this waste
stream.

Precious Metals Semi-Continuous and Continuous Casting Contact
Cooling Water. The BAT regulatory flow for this waste stream is
1,030 l/kkg (248 gal/ton). The BAT'regulat'ory flow is a 90
percent reduction of the BPT flow, ba~ed on recycle through a
cooling tower or holding tank. Recycle of semi-continuous and
continuous casting contact cooling water is demonstrated at two
plants in the precious metals formirrg subcategory where total
recycle with no discharge of cooling water wasrepo~ted. Casting
contact cooling water recycle is also demon~trated at other
nonferrous forming plants and in other point source categories.
Although two plants in this subcategory reported total recycle
with no discharge of cooling water, EPA believes a periodic
blowdown or bleed stream may be needed to prevent the build-up of
dissolved solids 'in the recycle circuit. Theret:or.e, EPA has
provided a discharge allowance equa;i. tq,lO percent of the BPT
flow allowance for this waste stream. ' ,



Agency believes a periodic blowdown or bleed stream from the
recycle circuit may be necessary to prevent the build-up of
dissolved solids. Theref()re" EPA ha,s provided a discharge
allowance equal to 10 perceni of the BPT-£low allowance for this
waste stream.

Precious Metals Surface Treatment Rinse. The BAT regulatory flow
for surface treatment rinse is 616 l/kkg' (148 gal/ton)'. The BAT
regulatory flow is a 90 percent reduction of the BPT flow,
based on two-stage countercurrent cascade rinsing.
Counter~urrent cascade rinsing was reported· for two surface
treatment rinse operations in this subcategory;·a. three-stage
countercurrent cascade rinse was utilized in one operation while
the other operation used a two~stage· countercurrent cascade
rinse. Although neither countercurrent 'cascade rinse operation
was achieving the BAT regulatory flow, the Agency believes that
these operations could achieve the BAT flow if better water use
practices such as a lower rinse application rate were used.
Three,pla~tsin the subcategory currently meet the BAT regulatory
flow for surface treatment rinse.

Precious Metals Alkaline Cleaning Rinse. The BAT regulatory flow
for alkaline cleaning rinse is 1,120 l/kkg (268 gal/ton).
The BAT regulatory.flow is a 90 percent reduction" of, the BPT
flow, ,based on the application of two~stage countercurrent
cascade rinsing. Countercurrent cascade rinsing is demonstrated
in this category and othe~ point sourc~ categories.

Precious Metals Alkaline Cleaning Prebonding Wastewater. The BAT
regulatory flow for ,this was.te stream is 1,160 l/kkg (277
gal/ton). The BAT regulatory flow isa 90 percent reduction of
the BPT flow, based on counter flow between stages or recycle of
one rinse stage in power scrublines. 'For small scale, "by-hand"
type operations, flow reduction is based on operation of spray or
free flowing rinses only during the actual rinsing operation.
The BAT regulatory flow is currently achieved by four of the
eight reported alkaline cleaning ptebondiAg operations ..

. ,
Precious Metals' Tumbling or Burnishing Wastewater. The BAT
regulatory flow for this waste stre~~_is 1,210, l/kkg (290
gal/ton)., The BAT regulator¥ flo~ .is a 90 percent reduction of
the B~T flow, based on recycle ,through a holding tank with
provi.si()n for suspended solids removal", .ifneeded, by gravity
settling, filtration or· another· suspended solids removal
step. Recycle of wastewater· ~ through holding tanks with
provisi()n for 'suspended solids removal when" necessary is
demonstr.~ated in this category'a.nd ,o,ther point source' categories.

Regulated Pollutants
.',

The pollutants considered for regulation- under BAT are listed in
Section VI, along with an· explanation of why they were
consid~red. The pollutants selected for regulation under
BAT are cadmium, copper, lead, silver, and total cyanide. The
priority metal pollutants total chromium, nickel, and zinc,
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listed in Section VI, are not specifically regulated under
BAT. These pollutants are expected to be adequately removed by
achievement of the limitations for the regulated pollutants.

Treatment Train

The BAT model end-of-pipe treatment technology for the precious
metals forming subcategory is lime and settle. This is the same
end-of-pipe technology as BPT, with the addition of measures to
reduce the flows from selected waste stre~ms. The end-of-pipe
treatment configuration is shown in Figure X-2. This combination
of in-process control and end-of-pipe technology increases the
removals of pollutants over that achieved by 8PT and is
demonstrated and technica~ly achievable.

Effluent Limitations

Table VII-21 (page xxxx). presents the treatment effectiveness
corresponding to the BAT model treatment train for pollutant
parameters considered for regulation in the precious metals
forming subcategory. Effluent concentrations (one-day ~aximum

and ten-day average values) are mUltiplied by the BAT regulatory
flows summarized in Table ~-30 to calculate the mass of pollutant
allowed to be discharged per mass of product. The results of
these calculations ~res~own in Table X-31. Although no
limitations have been estapJ,.ished for chromium, nickel, or zinc,
Table X-31 includes ~q~S discharge limitations for these
pollutants which are attainable using· the BAT model
technology. These limitations are presented for the guidance
of permit writers. Th, limitation table lists all of the
pollutants which were conside~ed for regulation. Those
specifically regulated are marked with an asterisk.

Benefits

In establishing BAT, EP~ considered the cost of treatment and
control and the pollutant reduction benefits to evaluate economic
achievability. As shown in Table X-6, the application of BAT
level treatment to the total precious metals forming subcategory
will remove approximately 15,300 k9/yr (33,700 Ibfii/yr):· of
pollutants including 213 kg/yr (470 Ibs/yr) of priority
pollutants. As shown in Table X-I, the corresponding capital and
annual costs (1982 dollars) for this removal are $1.064 million
and $0.452 million per year, respectively. As shown 'in Table
X-16, the application· of BAT to direct dischargers only will
remove approximately 3,570 kg/yr (7,860 Ibs/yr) of pollutants·'
including 42 kg/yr (93 Ibs/yr) of priority pollutants. As shown
in Table X-2, the corresponding capital and annual costs (1982
dollars) for this removal are $0.315 million and $0.128
million per year, respectively. The Agency has determined that
the BAT limitations are economically achievable.
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REFRACTORY METALS FORMING SUBCATEGORY

Discharge Flows

Table X-32 lists, the BAT regulatory flows for waste streams in
the refractory metals forming subcategory. All waste streams
receiving a BPT flow allowance ~lso receive an ,allowance under
BAT. The regulatory flows for eight waste streams have' been
decreased at BAT based on the application of in-process flow
reduction control measures. These eight waste streams are:
forging contact cooling water; surface treatment rinse;
alkaline cleaning rinse; molten salt rinse; tumbling,
burnishing wastewater; ,sawing or gr inding contact cooling water;,
sawing or gr indingr inse i and equipment cleaning wastewat,e.r.
Calculation of the BAT regulatory flows for these eight flow
reduced streams is discussed below. The BAT regulatory flows for
all other waste streams in the subcategory are equal to the BPT
regulatory flows discussed in Section IX.

Refractory Metals' Forging Contact- Cooling Water. The, BAT
r~gulat6ry flow for forging contact cooling water is 32.3;1/kk9
(7.75 gal/ton). The BAT regulatory flow is a 90 percent
reduction of the BPT flow, based on recycle through cooling
towers or holding tanks. Holding tanks are used in place of
cooling ·'towers for streams wi th low flow rates. The recycle
of contact coolingwater is demonstrated in the nonferrous
metills , forming category and other point source categQ.I:ies.

Refractory Metals Surface Treatment Rinse. The BAT regulatory
flow'fOr surface tteatment rinse is 12,100 l/kkg (2,900 gal/ton).
The BAT "regulatory flow is a 90 percent reduction of the' "B;PT
flO~j "based on the"application of two-stage countercu~rent

ca~c~de·~insing. Countercurrent cascade rinsing is performed
in two surface treatment rinse operations in this subcategory~

It is also demonstrated at other nonferrous forming plants and
~l~nts ih,other categories.

Refractory 'Metals Alkaline Cleaning Rinse. The BAT regulatory
flow for this stream is 8,160 l/kkg (1,960 gal/ton). The BAT
regulatOry flow is a 99 percent reduction of the BPT flow,
based, on the application of three-stage countercurrent cascade
rinsing. ' Three~stage countercurrent rinsing to achieve a 99
percent flow reduction is appropriate for this waste stream
because the magnitude of the existing flows for this waste stream

, r~portedby plants in this subcategory were more than an order or
magnitude larger than flows for similar processes in other
subcategories and even for other 'rinse streams within this
subcategbry~ The BAT regulatory flow based on 99 percent
reduction of the BPT flow is within the range of flows
'established'for this process waste stream in other subcategories.
Countercurrent cascade rinsing is demonstrated in this
subcategory and other nonferrous metals forming subcategories
as well as other point source categories.
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Refractory Metals Molten Salt Rinse. The BAT regulatory flow
for molten salt rinse is 633-r}kkg (152 gal/ton). The BAT
regulatory flow is a 90 percent reduction of the BPT flow
based on the use of periodic batch discharge or decreased flow
rate, as demonstrated by three plants in the nickel-cobalt
forming subcategory and one plant in this subcategory.

Refractory Metals Tumbling or Burnishing Wastewater. The BAT
regulatory flow for this waste stream is J.,250--1/kkg (300
gal/ton). The BAT regulatory flow is a 90 per.cent reduction of
the BPT flow based on recycle through a holding tank with
provision for removal of fines, if needed, by gravity
settling, filtration, or another suspended solids removal step.
Recycle with suspended solids removal when necessary is
demonstrated in the nonferrous metals forming category and other
categories.

Refractory Metals Sawing or Grinding Contact Cooling.~ater~ The
BAT regulatory flow for this waste stream is 2,430 l/kkg (582
gal/ton). The BAT regulatory flow is a 90 percent reduction of
the BPT flow based on recycle through a holding tank with
prov1s10n for suspended ,solids removal, if needed, by
gravity settling, filtration, or another suspended solids
removal step. Sawing or grinding contact cooling water recycle
is practiced in four operations from this subcategory. Total
recycle of the cooling water with no discharge was reported
for three operations, while 80 percent recycle was reported
for -the fourth operation. Although the production
normalized discharge flow from another operation where the
cooling water is only periodically discharged was over 10 times
lower than the BAT regulatory flow, the Agency believes a
periodic discharge or bleed stream is needed to prevent the
build-up of dissolved solids in the recycle circuit. Therefore,
EPA has provided a discharge allowance equal to 10 percent of the
BPT flow for this waste stream.

Refractory Metals Sawing ££ Grinding Rinse. The BAT regulatory
flow for this waste stream is 13.5 l!kkg (3.25 gal/ton). The
BAT regulatory flow is a 90 percent reduction of the BPT flow
based on recycle through a holding tank with provision for
suspended solids removal, if needed by gravity settling,
filtration, or another suspended solids removal step. As
previously discussed, this technology is demonstrated in this
category and other point source categories.

Equipment Cleaning Wastewater. The BAT regulatory flow for
equipment cleaning wastewater is 136 l/kkg (32.6 gal/ton). The
BAT regulatory flow is a 90 percent reduction of the BPT flow
based on recycle through a holding tank with provision for
suspended solids removal, if needed by gravity settling,
filtration, or another suspended solids removal step. This
technology is demonstrated in this category and other categories.
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Regulated Pollutants

The pollutants consider~d fortegulationundei BAT are listed in
Section VI, along with an explanation of why they were
considered. The pollutants selected for regulation under
BAT are copper, nickel, fluoride, and molybdenum. Although
effluent limitations guidelines and standards for columbium,
tantalum, tungsten, and vanadium were proposed, no limitations
for these pollutants were established in the final regulation.
This is because regulation of the priqrity metal pollutants
copper and nickel should ensure that columbium, tantalum,
tungsten, and vanadium are removed. The technology required
for removal of copper and nickel (lime and settle) will also
remove columbium, tantalum, tungsten, and vanadium. The
priority metal pollutants total chromium, lead, silver, and zinc,
listed in Section VI, are not specifically regulated under
BAT. These pollutants are expected to be adequately removed
by achievement of the limitations for the regulated pollutants.
Molybdenum is specifically regulated under BAT because it will
not be adequately removed by the technology (lime and settle)
required for the removal of the regulated priority metal
pollutants, copper and nickel. The addition of iron to a
lime and settle system (iron coprecipitation) is necessary for
efficient removal of molybdenum. .

Treatment Train

The BAT model end-of-pipe treatment technology for the refractory
metals forming subcategory is lime, settle and filter. This adds
filtration to the BPT end-of-pipetechnology, and in-process
controls measures to "reduce the flows from selected waste
streams. The end-of-pipe treatment configuration is shown in
Figure X-3 and includes iron coprecipitation for molybdenum
removal. This combination of in-process control and end-of-pipe
technology increases the removals of pollutants over that
achieved by BPT and is demonstrated and technically feasible.

Effluent Limitations

TableVII-21 (page xxxx) presents the treatment effectiveness
corresponding to the BAT model treatment train for pollutant
parameters considered for regulation in the refractory metals
forming subcategory. Effluent concentrations (one-day maximum
and ten-day average values) are multiplied by the BAT regulatory
flows summarized in Table X-32 to calculate the mass of pollutant
allowed to be discharged per mass of" product. The results of
these calculations are shown in Table X-33. Although no
limitations have been established for columbium, tantalum,
tungsten, and vanadium, Table X-33 includes mass discharge
limitations for these pollutants which are attainable using the
BAT model technology. These limitations are presented for
the guidance of permit writers. Only daily maximum limitations
are presented for columbium, tantalum, and vanadium, based on
the detection limits of 0.12, 0.46, and 0.10 mg/l,
respectively. Lime and settle treatment was determined .to
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remove these pollutants below their level of analytical
quantification. The attainable monthly average discharge is
expected to be lower than the one-day maximum limitation,
but since it would be impossible to monitor for compliance with
a lower level, no monthly average has been presented. The
limitation table lists all the pollutants which were considered
for regulation. Those specifically regulated are marked with an
asterisk.

Benefits

In establishing BAT, EPA considered the cost of treatment and
control and the pollutant reduction benefits to evaluate economic
achievability. As shown in Table X-7, the application of BAT and
PSES to the total refractory metals forming subcategory will
remove approximately 198,100 kg/yr (435,800 lbs/yr) of pollutants
including 326 kg/yr (717 lbs/yr) of priority pollutants. (As
discussed in Section XII, EPA has selected Option 2 as the basis
for PSES in this subcategory.) As shown in Table X-l, the
corresponding capital and annual costs (1982 dollars) for this
removal are $1.572 million and $0.657 million per year,
respectively. As shown in Table X-17, the application of BAT to
direct dischargers only will remove approximately 29,350 kg/yr
(64,570 Ibs/yr) of pollutants including 78 kg/yr (172 Ibs/yr) of
priority pollutants. As shown in Table X-2, the corresponding
capital and annual costs (1982 dollars) for this removal are
$0.135 million and $0.068 million per year, respectively.
The Agency has determined that the BAT limitations are
economically achievable.

TITANIUM FORMING SUBCATEGORY

Discharge Flows

Table X-34 lists the BAT regulatory flows for waste streams in
the titanium forming subcategory. All waste streams which
received an allowance under BPT also receive a BAT flow
allowance. The regulatory flows for seven waste streams have
been decreased at BAT based on the application of in-process
flow reduction control measures. The seven flow reduced waste
streams are: rolling contact cooling water; forging contact
cooling water; surface treatment rinse; alkaline cleaning
rinse-water; tumbling wastewater; sawing or grinding contact
cooling water; and wet air pollution control b1owdown.
Calculation of the BAT regulatory flows for these seven flow
reduced streams is discussed below. The BAT regulatory flows
for all other waste streams in the subcategory are equal to the
BPT regulatory flows discussed in Section IX.

Titanium Rolling Contact Cooling Water. The BAT regulatory flow
for rolling contact cooling water is 488 l/kkg (117 gal/ton).
The BAT regulatory flow is a 90 percent reduction of the BPT flow
based on recycle through a holding tank. This technology is
demonstrated at nonferrous metals forming plants and plants in
other point source categories.
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Titanium Forging Contact Cooling Water. The BAT regulatory flow
for forging contact cooling water is 99.9 l/kkg (24.0 gal/ton).
The BAT regulatory flow is a 95 percent reduction of the BPT flow
based on recycle through a holding tank with provision for
suspended solids removal, if necessary, by gravity settling,
filtration, or another suspended solids removal step. Ninety­
five percent recycle of forging contact cooling water is
demonstrated at one of the four plants in this subcategory
which discharge forging contact cooling water.

Titanium Surface Treatment Rinse. The BAT regulatory flow for
surface treatment rinse is 2,920 l/kkg (700 gal/ton). The BAT
regulatory flow is a 90 percent reduction of the BPT flow based
on the application of two-stage countercurrent cascade
rinsing. Countercurrent cascade rinsing is practiced at
nonferrous metals forming plants as well as plants in other
point source categories.

Titanium Alkaline Cleaning Rinse. The BAT regulatory flow for
alkaline cleaning rinse is 276 l/kkg (66.3 gal/ton). The BAT
regulatory flow is a 90 percent reduction of the BPT flow based
on the application of two-stage countercurrent cascade
rinsing. As previously discussed, countercurrent cascade rinsing
is a demonstrated technology.

Titanium Tumbling Wastewater. The BAT regulatory flow for
tumbling wastewater is 79 l/kkg (18.9 gal/ton). The BAT
regulatory flow is a 90 percent reduction of the BPT flow
based on recycle through a holding tank with provision for
removal 'of suspended solids, if needed, by gravity settling,
filtration, or another suspended solids removal step. This
technology is demonstrated in the nonferrous metals forming
category and other point sour.ce categories.

Titanium Sawing or Grinding Contact Cooling Water. The BAT
regulatory flow for this stream is 476 l/kkg (114 gal/ton). The
BAT regulatory flow is a 90 percent reduction of the BPT flow
based on recycle through a holding tank with provision for
suspended solids removal, if necessary. As previously discussed,
the recycle of wastewater through holding tanks with suspended
solids removal if necessary is a demonstrated technology.

Titanium Wet Air Pollution Control Blowdown. The BAT regulatory
flow for wet air pollution control blowdown is 214 l/kkg (51.4
gal/ton). The BAT regulatory flow is a 90 percent reduction of
the BPT flow based on recycle through a ~olding tank. The
recycle of wet air pollution control water 18 demonstrated at
five plants in this subcategory which reported 90 percent recycle
or greater of the scrubber water.

Regulated Pollutants

The pollutants considered for regulation under BAT are listed in
Section VI, along with an explanation of why they were
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considered. The pollutants selected for regulation under BAT are
lead, zinc, total cyanide, ammonia, and fluoride. The priority
metals total chromium, copper, and nickel, listed in Section VI,
are not specifically regulated under BAT. Although effluent
limitations guidelines and standards for titanium were proposed,
no limitations for titanium were established in the final
regulation. This is because regulation of the priority metal
pollutants lead and zinc should ensure that titanium is removed.
The technology required for removal of lead and zinc (lime and
settle) will also remove titanium. These pollutants are
expected to be adequately removed by achievement of the
limitations for the regulated pollutants.

Treatment Train

The BAT model end-of-pipe treatment technology for the titanium
forming subcategory is lime and settle. This' option uses the
same end-of-pipe technology as BPT, with the addition of measures
to reduce the flows from selected waste streams. The end-of-pipe
treatment configuration is shown in Figure X-2. The combination
of in-process control and end-of-pipe technology increases the
removals of pollutants over that achieved by BPT and is
demonstrated and technically feasible.

Effluent Limitations

Table VII-21 (page xxxx) presents the treatment effectiveness
corresponding to the BAT model treatment train for pollutant
parameters considered for regulation in the titanium forming
subcategory. Effluent concentrations (one-day maximum and ten­
day average values) are multiplied by the BAT regulatory flows
summarized in Table X-34 to calculate the mass of pollutant
allowed to be discharged per mass of product. The results· of
these calculations are shown in Table X-35. Although no
limitations have been established for chromium, copper,
nickel, and titanium, Table X-35 includes chromium, copper,
nickel, and titanium mass discharge limitations attainable
using the BAT model technology. These limitations are
presented for the guidance of permit writers. The limitation
table lists all the pollutants which were considered for
regulation. Those specifically regulated are marked with an
asterisk.

Benefits

In establishing BAT, EPA considered the cost of treatment and
control and the pollutant reduction benefits to evaluate economic
achievability. As shown in Table X-S, the application of BAT
level treatment to the total titanium forming subcategory will
remove approximately 393,000 kg/yr (S64,600 Ibs/yr) of pollutants
including 644 kg/yr (1,417 Ibs/yr) of priority pollutants. As
shown in Table X-I, the corresponding capital and annual costs
(19S2 dollars) for this removal are $2.S81 million and $2.540
million per year, respectively. As shown in Table X-IS, the
application of BAT to direct dischargers only will remove

1784



BAT
The

flow
As

is a

approximately 136,500 kg/yr (300,300 lbs/yr) of pollutants
including 259 kg/yr (570 Ibs/yr) of priority pollutants. As
shown in Table X-2, the cQrresponding £apital and annual costs
(1982 dollars) for this removal are $2.124 million and $2.192
million per year, respectively. The Agency has determined that
the BAT limitations are economically achievabl~.

URANIUM FORMING SUBCATEGORY

Discharge Flows

Table X-36 lists the BAT regulatory flows for waste streams in
the uranium forming subcategory. All waste streams which
received a BPT flow allowance also receive an allowance under
BAT. The regulatory flows for four waste streams have been
decreased at BAT based on the application of in-process flow
reduction control measures. The four flow reduced streams are:
extrusion tool contact cooling water; heat treatment contact
cooling water; sawing or grinding contact cooling water; and
laundry washwater. Calculation of-the BAT regulatory flows for
these four flow reduced streams is discussed below. The BAT
regulatory flows for all other waste streams in the subcategory
are equal to the BPT regulatory flows discussed in ~ection IX.

Uranium Extrusion Tool Contact Cooling Water. The BAT regulatory
flow for extrusion tool contact cooling water is 34.4 l/kkg (8.25
gal/ton). The BAT regulatory flow is a 90 percent reduction of
the BPT flow based on recycle through a cooling tower or holding
tank. Holding tanks are used in place of cooling towers for
streams with low flow rates. The recycle of contact cooling
water streams is demonstrated in the nonferrous metals forming
category as well as other point source categories.

Uranium Heat Treatment Contact Cooling Water. The BAT regulatory
flow for heat treatment contact cooling water is 31.3 l/kkg (7.52
gal/ton). The BAT allowance is based on the average production
normalized discharge flow from three operations in which the
cooling water is only periodically discharged. This incorporates
flow reduction by basing the BAT regulatory flow on only those
plants that are currently recycling this process waste stream.

Uranium Sawing or Grinding Contact Cooling Water. The
regulatory flow for this stream is 165 l/kkg (39.5 gal/ton).
BAT regulatory flow is a 90 percent reduction of the BPT
based on recycle through a cooling tower or holding tank.
previously discussed, the recycle of contact cooling water
demonstrated technology.

Uranium Laundry Washwater. The BAT regulatory flow for laundry
washwater is 26.2 l/employee-day. The BAT regulatory flow is a
50 percent reduction of the BPT flow based on recycle through a
holding tank.
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Regulated Pollutants

The pollutants considered for regulation under BAT are listed in
Section VI, along with an explanation of why they were
considered. Although effluent limitations guidelines and
standards for uranium and radium were proposed, no limitations
for uranium or radium were established in the final regulation.
This is because regulation of the priority metal pollutants
cadmium, chromium, copper, lead and nickel will ensure that
uranium is removed and radium was not present in significant
concentrations. The technology required for removal of cadmium,
chromium, copper, lead and nickel (lime and settle) will
also remove uranium. The pollutants selected for regulation
under BAT are cadmium, total chromium, copper, ~ead, nickel,
molybdenum, and fluoride. The priority metal zinc, listed in
Section VI, is not regulated under BAT. This pollutant is
expected to be adequately removed by achievement of the
limitations for the regulated pollutants. '

Treatment Train

The BAT model end-of-pipe treatment technology for the uranium
forming subcategory is lime settle and filter. This option adds
filtration to the BPT end-of-pipe technology, and measures to
reduce the flows from selected waste streams. The end-of-pipe
treatment configuration is shown in Figure X-3. This combination
of in-process control and end-of-pipe technology increases the
removals of pollutants over that achieved by BPT and is
demonstrated and technically achievable.

Effluent Limitations

Table VII-2l (page xxxx) presents the treatment t~fectiveness

corresponding to the BAT model treatment train for pollutant
parameters considered for regulation in the uranium forming
subcategory. Effluent concentrations (one-day maximum and ten­
day average values) are multiplied by the BAT regulatory flows
summarized in Table X-36 to calculate the mass of pollutant
allowed to be discharged per mass of product. The results of
these calculations are shown in Table X-37. Although no
limitations have been established for uranium and zinc, Table
X-37 includes uranium and zinc mass discharge limitations
attainable using the BAT model technology. These limitations
are presented for the guidance of permit writers. The
limitation table lists all the pollutants which were considered
for regulation. Those specifically regulated are marked with an
asterisk.

Benefits

In establishing BAT, EPA considered the cost of treatment and
control and the pollutant reduction benefits to evaluate economic
achievability. As shown in Table X-9, the application of BAT to
the uranium forming subcategory (which consists entirely of
direct dischargers) will remove approximately 23,650 kg/yr
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(52,140 Ibs/yr) of pollutants including 59.45 kg/yr (131.1
Ibs/yr) of priority pollutants. Specific costs for the uranium
forming subcategory are not included in this document in order to
protect confidentiality claims. The Agency has determined that
the BAT limitations for the uranium forming subcategory are
economically achievable.

ZINC FORMING SUBCATEGORY

Discharge Flows

Table X-38 lists the BAT regulatory flows for waste streams in
the zinc forming subcategory. All waste streams receiving a BPT
flow allowance also receive an allowance under BAT. The
regulatory flows for five waste streams have been decreased
at BAT based on the application of in-process flow reduction
control measures. The five flow reduced waste streams are:
rolling contact cooling water, direct chill casting contact
cooling water, annealing heat treatment contact cooling water,
surface treatment rinse, and electrocoating rinse. Calculation
of >the BAT regulatory flows for these five flow reduced waste
streams is discussed below. The BAT regulatory flows fot all
other waste streams in the subcategory are equal to the BPT
regulatory flows discussed in Section X.

Zinc Rolling Contact Cooling Water. The BAT regulatory flow for
rolling contact cooling water is 53.6 l/kkg (12.9 gal/ton). The
BAT regulatory flow is a 90 percent reduction of the BPT flow
based on recycle through a cooling tower or holding tank.
Holding tanks are used in place of cooling towers for streams
with low flow rates. The recycle of contact cooling water is
demonstrated in this category as well as other point source
categories.

Zinc Direct Chill Casting Contact Cooling Water. The BAT
regulatory flow for direct chill casting contact cooling water
is 50.5 l/kkg (12.1 gal/ton). The BAT regulatory flow is a 90
percent reduction of the BPT flow based on recycle through a
cooling tower or holding tank. The recycle of dIrect chill
casting contact cooling water is demonstrated by one plant
in this subcategory where total recycle of the cooling water
with no discharge was reported. Although zero discharge was
reported by one plant, the Agency believes a periodic
blowdown or bleed stream of cooling water may be needed to
prevent the build-up of- dissolved solids in the recycle
circuit. Therefore, EPA has provided a discharge> allowance
equal to 10 percent of the BPT allowance for this waste stream.

Zinc Annealing Heat Treatment Contact Cooling Water. The BAT
regulatory flow for this waste stream is 76.3 l/kkg (18.3
gal/ton). The BAT regulatory flow is a 90 percent reduction of
the BPT flow based on recycle through a cooling tower or holding
tank. As previously discussed, the recycle of contact cooling
water is a demonstrated technology.
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zinc Surface Treatment Rinse. The BAT regulatory flow for
surface treatment rinse is 358 l/kkg (85.8 gal/ton). The BAT
regulatory flow is a 90 percent reduction of the BPT flow
based on the application of two-stage countercurrent cascade
rinsing. countercurrent cascade rinsing is demonstrated at one
plant in this subcategory, at other plants in this category, and
other point source categories.

Zinc Electrocoating Rinse. The BAT regulatory flow for
electrocoating rinse is 229 l/kkg (55 gal/ton). The BAT
regulatory flow is a 90 percent reduction of the BPT flow based
on the application of two-stage countercurrent cascade rinsing.
Countercurrent cascade rinsing is demonstrated at one plant in
this subcategory.

Regulated Pollutants

The pollutants considered for regulation under BAT are listed in
Section VI, along with an explanation of why they were
considered. The pollutants selected for regulation under BAT are
total chromium, copper, zinc, and total cyanide. The priority
metal nickel, which was selected for consideration for
regulation in Section VI, is not specifically regulated under
BAT, because it is expected to be adequately removed by
achievement of the limitations for the regulated
pollutants. The conventional pollutant parameters oil and
grease, total suspended solids, and pH are not regulated under
BAT, but will be considered under BCT.

Treatment Train

The BAT model end-of-pipe treatment technology for the zinc
forming subcategory is lime, settle and filter. This adds
filtration to the BPT end-of-pipe technology, and in-process
controls to reduce the flows from selected waste streams. The
end-of-pipe treatment configuration is shown in Figure X-3. This
combination of in-process control and end-of-pipe technology
increases the removals of pollutants over that achieved by BPT
and is demonstrated and technically feasible.

Effluent Limitations

Table VII-2l (page X}cxx) presents the treatment effectiveness
corresponding to the BAT model treatment train for pollutant
parameters considered for regulation in the zinc forming
subcategory. Effluent concentrations (one-day maximum and
ten-day average values) are multiplied by the BAT
regulatory flows summarized in Table X-38 to calculate the
mass of pollutant allowed to be discharged per mass of
product. The results of these calculations are shown in Table
X-39. A+though no limitations have been established for nickel,
Table X-39 includes mass discharge limitations for this pollutant
attainable using the BAT model technology. These limitations
are presented for the guidance of permit writers. The
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ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY

Discharge Flows

pollutants which were
specifically regulated

of the
with those

Benefits

Zirconium-Hafnium Surface Treatment Rinse. The BAT regulatory
flow for surface treatment rinse is 888 l/kkg (213 gal/ton).
The BAT regulatory flow is a 90 percent reduction of the BPT
flow based on two-stage countercurrent cascade rinsing.
Countercurrent cascade rinsing is demonstrated in the nonferrous
metals forming category as well as other point source categories.

limitation table lists all
considered for regulation,
marked with an asterisk.

In establishing BAT, EPA considered the cost of treatment and
control and the pollutant reduction benefits to evaluate economic
achievability. As shown in Table X-lO, the application of BAT to
the total zinc forming subcategory will remove approximately
309,800 kg/yr (681,560 lbs/yr) of pollutants including 262,300
kg/yr (577,060 lbs/yr) of priority pollutants. As shown in Table
X-20, the application of BAT to direct dischargers only will
remove approximately 308,800 kg/yr (679,360 lbs/yr) of pollutants
including 262,230 kg/yr (576,900 lbs/yr) of priority pollutants.
Since there is only one direct discharge plant in the zinc
forming subcategory, total subcategory capital and annual costs
and direct discharger capital and annual costs will not be
reported in this document in order to protect confidentiality
claims. The Agency has determined that the BAT limitations
are economically achievable.

Table X-40 lists the BAT regulatory flows for waste streams in
the zirconium-hafnium forming subcategory. All waste streams
receiving a flow allowance for BPT also receive an allowance
under BAT. The regulatory flows for five waste streams have
decreased at BAT based on the application of in-process flow
reduction control measures. The five flow reduced waste streams
are: heat treatment contact cooling water; surface treatment
rinse; alkaline cleaning rinse; molten 'salt rinse; and sawing
or grinding rinse. Calculation of the BAT regulatory flows
for these five flow reduced streams is discussed below'. The BAT
regulatory flows for all other waste streams in the subcategory
are equal to the BPT regulatory flows discussed in Section IX.

Zirconium-Hafnium Heat Treatment Contact Cooling Water. The BAT
regulatory flow for heat treatment contact cooling water is 34.3
l/kkg (8.22 gal/ton). The BAT regulatory flow is a 90 percent
reduction of the BPT flow based on recycle through a cooling
tower or holding tank. Contact cooling water recycle is a
demonstrated technology and is demonstrated in the nonferrous
metals forming category as well as other point source categories.



Zirconium-Hafnium Alkaline Cleaning Rinse. The BAT regulatory
flow for alkaline cleaning rinse is 3,140 l/kkg (753 gal/ton).
The BAT regulatory flow is a 90 percent reduction of the BPT
flow based on the application of two-stage countercurrent cascade
rinsing. Countercurrent cascade rinsing is a demonstrated
technology, as described above.

Zirconium-Hafnium Molten Salt Rinse. The BAT regulatory flow
for molten salt rinse is 756 l/kkg (181 gal/ton). The BAT
regulatory flow is a 90 percent reduction of the BPT flow
based on use of periodic batch discharge or decreased flow rate,
as demonstrated by one plant in'this subcategory, three plants in
the nickel-cobalt forming subcategory and one plant in the
refractory metals forming subcategory.

Zirconium-Hafnium Sawing or Grinding Rinse. The BAT regulatory
flow for this waste stream is 180 l/kkg (43.1 gal/ton). The BAT
regulatory flow is a 90 percent reduction of the BPT flow
based on recycle through a holding tank with prOV1S1on for
suspended solids removal, if needed, 'by gravity settling,
filtration, or another solids removal process. Recycle of
waste streams through holding tanks with suspended solids
removal when necessary is a demonstrated technology.

Regulated Pollutants

The pollutants considered for regulation under BAT are listed in
Sect~on VI, along with an explanation of why they were
considered. The pollutants selected for regulation under BAT are
total chromium, nickel, total cyanide, and fluoride. Although
effluent limitations guidelines and standards for zirconium and
hafnium were proposed, no limitations for these pollutants were
established in the final regulation. This ~s because
regulation of the priority metal pollutants chromium and nickel
should ensure that zirconium and hafnium are removed. The
technology required for removal of chromium and nickel (lime and
settle) will also remove zirconium and hafnium. The priority
metals copper, lead, and zinc, listed in Section VI, are not
regulated under BAT. These pollutants are expected to be
adequately.' removed by achievement of the limitations for the
regulated pollutants.

Treatment Train

The BAT model end-of-pipe treatment technology for the zirconium­
hafnium subcategory is lime and settle. This uses the same end­
of-pipe technology as BPT, with the addition of measures to
reduce the flows from selected waste, streams. The end-of-pipe
treatment configuration is shown in Figure X-2. The combination
of in-process control and end-of-pipe technology increases the
removals of pollutants over that achieved by BPT and is
demonstrated and technically feasible.
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Effluent Limitations

Table VII-21 (page xxxx) presents the treatment effectiveness
corresponding to the BAT model treatment train for pollutant
parameters considered for regulation in the zirconium-hafnium
forming subcategory. Effluent concentrations (one-day maximum
and ten-day average values) are multiplied by the BAT regulatory
flows summarized in Table X-40 to calculate the mass of pollutant
allowed to be discharged per mass of product. The results of
these calculations are shown in Table X-41. Although no
limitations have been established for copper, lead, zinc,
zirconium, and hafnium, Table X-41 includes zirconium and
hafnium mass discharge limitations attainable using . the BAT
model technology. These limitations are presented for the
guidance of permit writers. The limitation table lists all
the pollutants which were considered for regulation. Those
specifically regulated are marked with an asterisk.

Benefits

In establishing BAT, EPA 60nsidered the cost of treatment .nd
control and the pollutant reduction benefits to evaluate economic
achievability. As shown in Table X-ll, the application of BAT tb
the total zirconium-hafnium forming subcategory' will remove
approximately 20,200 kg/yr (44,440 lbs/yr) of pollutants
including 646 kg/yr (1,421 lbs/yr) of priority pollutants. As
shown in Table X-I, the corresponding capital and annual
costs (1982 dollars) for this removal are $0.579 million and
$0.404 million per year, respectively. As shown in Table X-21,
the application of BAT to direct dischargers only will
remove approximately' 19,100 kg/yr (42,020 lbs/yr) of
pollutants including 645 kg/yr (1,419 lbs/yr) of priority
pollutants. As shown in Table X-2, the corresponding capital
and annual costs (1982 dollars) for this' removal are $0.568
million and $0.400 million per year, respectively. The Agency
has determined that the BAT limitations are economically
achievable.

METAL POWDERS SUBCATEGORY

Discharge Flows

Table X-42 lists the BAT regulatory flows for waste streams in
the. metal powders subcategory. The BAT regulatory flows for all
waste streams are equal to the regulatory flows established at
BPT because the technology option selected as the basis for BAT
does not include flow reduction above that which was included at
BPT as described in Section IX. Calculation of these flows is
discussed in Section IX. None of the direct discharge plants in
this subcategory have any of the waste streams for which further
flow reduction is applicable.
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Regulated Pollutants

The pollutants considered for regulation under BAT are listed in
Section VI, along with an explanation of why they have been
considered. The pollutants selected for regulation under BAT are
copper, lead, and total cyanide. Although effluent limitations
guidelines and standards for iron and 'aluminum were proposed, no
limitations for these pollutants were established in the final
regulation. Regulation of the priority metal pollutants copper
and lead will ensure that iron and aluminum are removed. The
technology required for removal of copper and lead (lime and
settle) will also remove iron and aluminum. The priority metals
total chromium, nickel, and zinc, listed in Section VI, are not
regulated under BAT. These pollutants are expected to be
adequately removed by achievement of the limitations for the
regulated pollutants. The conventional pollutant parameters 011
and grease, total suspended solids, and pH are not regulated
under BAT, but will be considered under BeT.

Treatment Train

The BAT model end-of-pipe treatment technology for the metal
powder subcategory is lime and settle. This consists of
preliminary treatment, where necessary, followed by combined
wastewater treatment consisting of oil skimming and lime and
settle. Since this is also the basis for the BPT limitations,
the BPT and BAT limitations for the metal powders subcategory are
identical.

Effluent Limitations

Table VII-21 (page xxxx) presents the treatment effectiveness
corresponding to the BAT model treatment train fVL pollutant
parameters considered for regulation in the metal powders
subcategory. Effluent concentrations (one-day maximum and
ten-day average values) are multiplied by the BAT
regulatory flows summarized in Table X-42 to calculate the
mass of pollutant allowed to be discharged per mass of
product. The results of these calculations are shown in Table
X-43. Although no limitations have been established for
chromium, nickel, zinc, iron and aluminum, Table X-43
includes mass discharge limitations for these pollutants
attainable using the BAT model technology. These limitations
are presented for the guidance of permit writers. The
limitation table lists all the pollutants which were considered
for regulation. Those specifically regulated are marked with an
asterisk.

Benefits

In establishing BAT, EPA considered the cost of treatment and
control and the pollutant reduction benefits to evaluate economic
achievability. As shown in Table X-12, the application of BAT to
the total metal powders subcategory will remove approximately
57,570 kg/yr (126,655 Ibs/yr) of pollutants including 1,085 kg/yr
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(2,390 Ibs/yr) of priority poilutants~As shown in Table X-22,
the application of BAT to direct dischargers only will remove
approximately 4,105 kg/yr (9,030 Ibs/yr) of pollutants including
128 kg/yr (282 Ibs/yr) of priority pollutants. Since there are
only three direct discharge plants in the metal powders
subcategory, total sUbcategory capital and annual costs and
direct discharger capital and annual costs will not be reported
in this document in order to protect confidentiality claims.
The Agency has determined that the BAT limitations are
econo~ically achievable •

. ~
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Table X-I

CAPITAL AND ANNUAL COST ESTIMATES FOR BAT (PSES) OPTIONS
TOTAL SUBCATEGORY ($ 1982)

C
C

C
C

C
C

C
C

C
C

697,000
464,800

Option 3**

4,115,300
2,401,000

1,670,400
764,900

1,175,300
523,700

3,146,500
2,694,500

C
C

C
C

c
C

C
C

C
C

579,000
404,400

Option 2*

3,792,800
2,228,900

2,881,400
2,540,200

1,063,600
451,600

1,560,400
649,900

C
C

C
C

C
C

c
C

C
C

366,500
330,100

Option 1

3,341,800
2,077,000

2,878,600
2,570,700

1,012,700
413,900

1,117,100
561,700

Nickel-Cobalt Forming
Capital
Annual

Subcategory

Magnesium Forming
Capital
Annual

Lead-Tin-Bismuth
Capital
Annual

1794

Uranium Forming
Capital
Annual

Metal Powders
Capital
Annual

Refractory Metals Forming
Capital
Annual

Zinc Forming
Capital
Annual

Titanium Forming
Capital
Annual

Precious Metals Forming
Capital
Annual

Zirconium-Hafnium Forming
Capital
Annual

*Total cost to install Option 2 technology.
**Total cost to install Option 3 technology.
C - Confidential.



Table X-2

CAPITAL AND ANNUAL COST ESTIMATES FOR BAT OPTIONS
DIRECT DISCHARGERS ($ 1982)

1795

C
C

C
C

C
C

84,800
48,200

C
C

493,400
242,300

351,600
150,800

135,000
67,700

685,000
460,400

Option 3**

2,335,100
2,312,700

C
C

C
C

C
C

79,400
45,500

C
C

465,600
225,200

314,600·
127,900

123',500
60,800

567,700
400,400

Option 2*

2,124,500
2,191,800

C
C

C
C

C
C

87,000
44,300

C
C

226,100
98,000

392,200
185,700

359,400
327,300

148,200
. 95,700

Option 1

2,237,900
2,261,300

Precious Metals Forming
Capital
Annual

Nickel-Cobalt Forming
Capital
Annual

Subcategory

Magnesium Forming
Capital
Annual

Lead-Tin-Bismuth
Capital
.l\.:mual

Refractory Metals Forming
Capital
Annual

Uranium Forming
Capital
Annual

Titanium Forming
Capital
Annual

Zinc Forming
Capital
Annual

Zirconium-Hafnium Forming
Capital
Annual

*Total cost to install Option 2 technology.
**Total cost to install Option 3 technology.
C - Confidential.

r-tetal Powders
Capital
Annual



Table X-3

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
LEAD-TIN-BISMUTH FORMING SUBCATEGORY

TOTAL SUBCATEGORY

Total
Raw Option 1 Option 1 Option 2 Option 2 Option 3 Option 3Pollutant Waste Discharged Removed Discharged Removed Discharged Removed

Antimony 10.38 10.38 0.00 5.06 5.32 3.40 6.98Arsenlc 0.19 0.19 0.00 0.19 0.00 0.19 0.00Beryllium 0.01 0.01 0.00 0.01 0.00 0.01 0.00Cadmium 0.04 0.04 0.00 0.04 0.00 0.04 0.00Chromium 32.19 4.03 28.16 0.61 31.59 0.51 31.69Copper 2.47 2.47 0.00 2.47 0.00 1. 95 0.53Lead 212.91 5.76 207.16 0.87 212.05 0.58 212.33Nickel 2.24 2.24 0.00 2.24 0.00 1. 10 1.14Zinc 1.29 1.29 0.00 1. 29 0.00 1.15 0.13

TOTAL TOXIC METALS 261.72 26.40 235.32 12.77 248.95 8.92 252.80

t-' Cyanide 0.56 0.56 0.00 0.56 0.00 0.56 0.00-....I
\0 TOTAL TOXICS 262.27 26.95 235.32 13.32 248.95 9.47 252.800\

Aluminum 1.53 1.53 0.00 1. 53 0.00 1.53 0.00Ammonia 3.27 3.27 0.00 3.27 0.00 3.27 0.00Cobalt 115.20 2.40 112.81 0.36 114.84 0.25 114.96Fluoride 11.85 11.85 0.00 11.85 0.00 11.85 0.00Iron 16.11 13.08 3.03 2.96 13.15 2.02 14.09Magnesium 311.35 4.80 306.55 0.72 310.62 0.48 310.86Manganese 1.59 1. 59 0.00 1.16 0.44 1.01 0.58Molybdenum 0.27 0.27 0.00 0.27 0.00 0.27 0.00Tin 4.73 4.73 0.00 3.32 1.42 2.44 2.30Titanium 0.67 0.67 0.00 0.67 0.00 0.67 0.00Vanadium 0.65 0.65 0.00 0.65 0.00 0.65 0.00

TOTAL NONCONVENTIONALS 467.22 44.84 422.39 26.76 440.47 24.44 442.78

TSS 4,113.63 575.5 1 3,538.12 86.68 4.026.95 18.78 4,094.85Oi I and Grease 1,875.92 344.3& 1,531.53 72.24 1,803.68 72.74 1,803.68

TOTAL CONVENTIONALS 5.989.54 919.89 5,069.65 158.92 5,830.63 91, 02 5,898.53

TOTAL POLLUTANTS 6,719.04 991.68 5,727.36 199.00 6,520.05 124.93 6,594.11



Table X-4

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
MAGNESIUM FORMING SUBCATEGORY

TOTAL SUBCATEGORY

Pollutant

Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Nickel
Si 1ver
Zinc

TOTAL TOXIC METALS

Cyanide

TOTAL TOXICS

Aluminum
Ammonia
Cobalt
Fluoride
I ron
Magnesium
Manganese

TOTAL NONCONVENTIONALS

TSS
Oil and Grease

TOTAL CONVENTIONALS

TOTAL POLLUTANTS

Total
Raw

Waste

0.02
0.00
0.20
0.00

16,770.18
0.48
1.24
0.00
0.04

138.47

16,910.63

O. 11

16,910.73

98.28
526.53

2.03
76.24
5.47

13,490.05
2.80

14,201.40

3,009.78
616.65

3,626.43

34,738.56

Option 1
Discharged

0.02
0.00
0.20
0.00
1.89
0.48
1.24
0.00
0.04
7.41

11.27

0.11

11.38

50.31
526.53

1.12
76.24
5.47
2.25
2.80

664.72

269.51
224.59

494.10

1, ;70.20

Option 1
Removed

0.00
0.00
0.00
0.00

16,768.30
0.00
0.00
0.00
0.00

131.06

16,899.35

0.00

16,899.35

47.97
0.00
0.91
0.00
0.00

13,487.81
0.00

13,536.69

2,740.27
392.06

3,132.33

33,!;i68.36

Option 2
Discharged

0.02
0.00
0.20
0.-00
0.23
0.37
0.29
0.00
0.04
0.92

2.07

0.11

2.18

6.23
526.53

0.14
40.36

1.14
0.28
0.45

575.13

33.40
27.83

61.24

638.55

Option 2
Removed

0.00
0.00
0.00
0.00

16,769.95
0.11
0.95
0.00
0.00

137.55

16,908.55

0.00

16,908.55

92.04
0.00
1.89 _

35.88
4.32

13,489.78
2.35

13,626.27

2,976.38
588.82

3,565.19

34,100.02

Option 3
Discharged

0.02
0.00
0.20
0.00
0.19
0.25
0.21
0.00
0.04
0.64

1.55

0.11

1. 65

4.15
526.53

0.09
40.36
0.78
0.19
0.39

572.49

7.24
27.83

35.07

609.22

Option 3
Removed

0.00
0.00
0.00
0.00

16,769.99
0.23
1.03
0.00
0.00

137.83

16,909.08

0.00

16,909.08

94.13
0.00
1.94

35.88
4.69

13,489.87
2.41

13,628.91

3,002.54
588.82

3,591.36

34,129.35



Table X-5

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
NICKEL-COBALT FORMING SUBCI\TEGORV

TOTAL SUBCATEGORV

Total Option I Option I Option 2 Option 2 Option 3 Option 3
Pollutant Raw Waste Discharged Removed Discharged Removed Discharged Removed

Arsenic 3.43 3.43 0.00 3.43 0.00 3.43 0.00
Cadmium 817.75 191.61 626.14 22.65 795.10 14.05 803.70
Chromium 7,78 1.79 203.76 7,578.03 24.10 7,757.69 20.07 7,761.72
Copper 5,036.44 1,407.07 3,629.37 166.33 4,870. I 1 " l. 86 4,924.58
Lead 177 .48 177.48 0.00 31.85 145.63 22.04 155.44
Nickel 89,531.14 1,795.20 87,735.94 212.27 89,318.87 63.10 89,468.04Thallium 0.15 0.15 0.00 0.15 0.00 0.15 0.00Zinc 488.62 488.62 0.00 94.63 393.99 66.00 422.62

TOTAL TOXIC METALS 103,836.80 4,267.32 99,569.48 555.41 103,281.39 300.70 103,536.10

Cyanide 0.09 0.09 0.00 0.09 0.00 0.09 0.00

I-' TOTAL TOXICS 103,836,89 4,267.41 99,569.48 555.50 103,281.39 300'.79 103,536.10
...,j

\0 Aluminum 633.43 633.43 0.00 528.66 104.77 398.79 234.70CXl Ammonia 4,287.59 4,287.59 0.00 4,287.59 0.00 4,287.59 0.00Cobalt 9,677.99 121.29 9,556.70 14.36 9,663.63 9.74 9,668.25
Fluoride 144,546.22 35,175.50 109,370.72 4,158.83 140,387.39 4,158.83 140,387.39Iron 13,293.21 917.59 12,375.62 117.60 13,175.61 80.31 13,212.90
Molybdenum 1,466.64 1,466.64 0.00 421.07 1,045.57 247.40 1,219.24Titanium 9,139.58 9,139.58 8,754.41 57.37 9,082.21 37.29 9,102.29Vanadium 360.58 360.58 0.00 348.27 12.31 234.68 125.90

TOTAL NONCONVENTIONALS 183,405.24 43,347.79 140,057.45 9,933.75 173,471.49 9,454.57 173,950.67

TSS 283,049.33 29,105.20 253,944.13 3,441.76 279,607.57 745.60 282,303.73
Oirand Grease 260,089.26 24,191.88' 235,897.38 2,868.30 257,220.96 2,868.30 257,220.96

TOTAL CONVENTIONALS 543,138.59 53,297.08 469,841.51 6,310.06 536,828.53 3.613.90 539.524.69

TOTAL POLLUTANTS 830,380.72 100,912.28 729,468.44 16,799.31 813,581.41 13,369.26 817,01 1.46



Table X-6

NONFERROUS METALS FORMI~G POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
PRECIOUS METALS FORMING SUBCATEGORY

TOTAL SUBCATEGORY

Pollutant

Antimony
Arsenic
Cadmium
Chromium
Copper
Lead
Nickel
Selenium
Si 1ver
Thall ium
Zinc

TOTAL TOXIC METALS

Cyanide

TOTAL TOXICS

Aluminum
Ammonia
Cobalt
Fluoride
Iron
Magnesium
Manganese
Tin
Titanium
Vanadium

TOTAL NONCONVENTIONALS

TSS
Oil and Grease

TOTAL CONVENTIONALS

TOTAL POLLUTANTS

Total
Raw Waste

0.07
0.00

30.53
2.81

92.55
2.15
7.00
0.00
4.75
0.00

29.95

169.82

67.38

237.20

184.36
20.39

0.11
77.95
81.72

360.46
16.02
0.03
1.53
0.09

742.67

10,689.20
4,073.62

14,762.82

15,742.69

Option 1
Discharged

0.07
0.00
9.40
2.81

64.09
2.15
7.00
0.00
4.75
0.00

29.95

120.22

8.33

128.55

184.36
20.39

0.11
77 .95
48.:79
11.90
16.02
0.03
1.53
0.09

361. 18

1,427.93
1,189.94

2,617.87

3,107.61

Opt i on 1
Removed

0.00
0.00

21.13
. 0.00
28.46
"0:00
0.00
0.00
0.00
0.00
0.00

49".59

59.05

108.65

0.00
0,00
0.00
0.00

32.93
348.56

0.00
0.00
0.00
0.00

381.49

9,261.27
2,883.68

12,144.95

12,635.08

Option 2
Discharged

0.07
0.00
1.00
1.05
7.37
1.43
7.00
0.00
1. 27
0.00
4.19

23.37

0.89

24'; 26

28".45
20.39

0.11
77.95

5.21 "
1.27
2.03
0.03
1.53
9. 09

137.07

152.42
127.02

279.44

440.78

Option 2
Removed

0.00
0.00

29.53
1.77

85.18
0.72
0.00
0.00
3.48
0.00

25.76

146.44

66.49

212.94

155.91
0.00
0.00
0,00

76.51
359.19

13.99
0.00
0.00
0.00

605.60

10,536.78
3,946.60

14,483.38

15,301.91

Option 3
DisCharged

0.07
0.00
0.62
0.89
4.95
1.02
2.7.9
0.00
0.09
0.00
2.92

13.35

0.60

13.95

18.93
20.39

0.11
77.95

3.56
1.27
1.78
0.03
1.43
0.09

125.54

33.02
127.02

160.04

299.53

Option 3
Removed

0.00
0.00

29.91
1.93

87.60
1.14
4.20
0.00
4.67
0.00

27.03

156.46

66.79

223.25

165.43
0.00
0.00
0.00

78.16
359.19

14.25
0.00
0.11
0.00

617.13

10.656.17
3,946.60

14,602.77

15,443.16



Table X-7

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
REFRACTORV METALS FORMING SUBCATEGORV

TOTAL SUBCATEGORY

Total Option 1 Option 1 Option 2 Option 2 Option 3 Option 3Pollutant Raw Waste Discharged Removed Discharged Removed Discharged Removed
Arsenic 0.00 0.00 0.00 0.00 0.00 0.00 0.00Beryllium 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cadmium 1.95 1.95 0.00 0.95 1.01 0.71 1.24Chromium 19.78 19.78 0.00 1.83 17.95 1.56 18.22Copper 11.91 11.91 0.00 8.25 3.66 6.81 5.09Le-ad 1.50 1.50 0.00 1.50 0.00 1.38 0.13Nickel 312.96 258.63 54.33 16.52 296.44 4.91 308.05Si 1ver 0.00 0.00 0.00 0.00 0.00 0.00 0.00Thallium 0.00 0.00 0.00 0.00 0.00 0.00 0.00Zinc 6.10 6.10 0.00 4.66 1.44 3.83 2.27

I-' TOTAL TOXIC METALS 354.21 299.88 54.33 33.71 320.50 19.20 335.01CO
0 Cyanide 0.03 0.03 0.00 0.03 0.00 0.03 0.00
0

TOTAL TOXICS 354.24 299.91 54.33 33.74 320.50 19.23 335.01
Aluminum 745.56 699.25 46.31 50.00 695.56 33.26 712.30Ammonia 12.22 12.22 0.00 12.22 0.00 12.22 0.00Cobalt 3.38 3.38 0.00 0.82 2.56 0.60 2.78Fluoride 6,172.91 5,058.22 1,114.69 323.68 5,849.23 323.68 '),849.23I ron 452.31 190.01 262.31 9.15 443.16 6.25 446.06Magnesium 0.00 0.00 0.00 0.00 0.00 0.00 0.00Manganese 0.00 0.00 0.00 0.00 0.00 0.00 0.00Refractory Metals 126,545.16 897.92 125,647.24 23.70 126,521.46 16.57 126,528.60Titanium 122.04 45.05 76.99 1.55 120.49 1.30 120.74
TOTAL NONCONVENTIONALS 134,053.59 6,906.05 127,147.54 421. 13 133,632.46 393.88 133,659.71
TSS 64,084.17 7,998.24 56,085.93 267.88 63,816.30 58.04 64,026.13Oi 1 and Grease 405.92 405.90 0.03 150.23 255.69 150.23 255.69
TOTAL CONVENTI ONALS 64,490.10 8,404.14 56.085.95 418.10 64,071.99 208.27 64,281.83
TOTAL POLLUTANTS 198.897.93 15,610.10 183,287.83 872.97 198,024.95 62 ~ .38 198,276.55



Table X-8

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
TITANIUM FORMING SUBCATEGORY

TOTAL SUBCATEGORY

....
0)
o....

Pollutant

Arsenic
Cadmium
Chromium
Copper
Lead
Nickel
Thallium
Zinc

TOTAL TOXIC METALS

Cyanide

TOTAL TOXICS

Aluminum
Ammonia
Cobalt
Fluoride
I ron
MolYbdenum
Tantalum
Titanium
Tungsten
Vanadium

TOTAL NONCONVENTIONALS

TSS
Oil and Grease

TOTAL CONVENTIONALS

TOTAL POLlUTANTS

Total
Raw Waste

2.02
0.20

40.14
55.00

427.13
9.40
0.07

262.58

796.54

0.77

797.32

11.042.37
13,441.20

212.28
168,294.83
50,114.63

893.48
•. 0.00
1'18,505.32

0.00
2,747.32

365,251.43

43,335.39
4,053.06

47,388.45

413,437.20

Option 1
Discharged

2.02
0.20

40.14
55.00

172.69
9.40
0.07

214.16

493.68

0.77

494.45

3,223.61
13,441.20

71.96
20,867.13

590.04
846';38 .

0.00
287.82

0.00
1,644.59

40,972.73

17,269.35
4,053.06

21,322.41

62,789.59

Option 1
Removed

0.00
0.00
0.00'
0.00

254.44
0.00
0.00

·48.43

302.87

0.00

302.87

7,818.76
0.00

140.32
147,427.70
49,524.60

. 47.1.0
0.00

118,217.49
0.00

1,102.73

324,278.70

26,066.04
0.00

26,066.04

350,647.61

Option 2
Discharged

2.02
0.20

13.56
55.00
19.37
9.40
0.07

53.27

152.89

0.77

153.66

361.57
13,441,20

. 8.07
2,340.55

66.18
227.60

0.00
32.28

0.00
227.60

16,705.06

1,937.01
1,614.17

3,551. '18

20,409.90

Option 2
Removed

0.00
0.00

26.58
0,00

407.76
0.00
0.00

209.31

643.66

0.00

643.66

10,680.80
0.00

204.21
165',954.28
50,048.45

665.88
0.00

118,473.03
0.00

2,519.72

348,546.37

41,398.38
2,438.89

43,837.27

393,027.30

Option 3
Discharged

2.02
0.20

11.30
52.71
12.91
9.40
0.07

37.13

125.74

0.77

126.51

240.51
13,441.20

5.49
2,340.55

45.20
151.73

0.00
20.98
0.00

151.73

16,397.40

419.69
1,614.17

2,033.86

18,557.77

Option 3
Removed

0.00
0.00

28.84
2.29

414.22
0.00
0.00

225.46

670.81

0.00

670.81

10,801.86
0.00

206.79
165,954.28
50,069.44

741.75
0.00

118,484.33
0.00

2,595.59

348,854.04

42,915.70
2,438.8'9

45,354.59

394,879.43



Table X-9

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kQ/yr)
URANIUM FORMING SUBCATEGORY

TOTAL SUBCATEGORY

Total Option I Option 1 Option 2 Option 2 Option 3 Option 3Po 11 utant Raw Waste Discharged Removed- Discharged Removed Discharged Removed

Antimony 0.00 0.00 0.00 0.00 0.00 0.00 0.00Arsenic 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cadmium 0.67 0.67 0.00 0.17 0.50 0.11 0.57Chromium 2.82 1.52 1.30 0.18 2.64 0.15 2.67Copper 3.94 3.94 0.00 1. 25 2.69 0.84 3.10Lead 42.42 2.17 40.25 0.26 42.16 0.17 42.25Nickel 1. 11 1.11 0.00 1.11 0.00 0.47 0.64Thall ium 0.00 0.00 0.00 0.00 0.00 0.00 0.00Zinc 10.73 5.96 4.77 0.71 10.02 0.50 10.23

TOTAL TOXIC METALS 61.69 15.37 46.32 3.68 58.01 2.24 59.45

.... Cya':!ide 0.09 0.09 0.00 0.09 0.00 0.09 0.00(Xl
0 TOTAL TOXICS 61.79 15.47 46.32 3.78 58.01 2.33 59.45"J

Aluminum 113.16 40.47 72.69 4.82 108.34 3.21 109.95Ammonia 39.68 39.68 0.00 39.68 0.00 39.68 0.00Fluoride 96.08 96.08 0.00 31. 22 64.86 3 1.22 64.86Iron 850.69 7.41 843.29 0.88 849.81 0.60 850.09Magnesium 144.96 1. 8 1 143.15 0.22 144.74 0.22 144.74Molybdenum 0.37 0.37 0.00 0.37 0.00 0.37 0.00Titanium 5.95 3.61 2.34 0.43 5.52 0.28 5.67Ul"'anium 9.576.13 72.26 9,503.87 8.61 9,567.52 5.68 9,570.45

TOTAL NONCONVENTIONALS 10,827.02 261.68 10 .565 .34 86.23 10,740;79 81.25 10,745.77

TSS 12,022.92 216.79 11,806.13 25.83 11.997.09 5.60 12,017.33Oi 1 and Grease 850.82 180.66 670.16 21.53 829.29 21.53 829.29

TOTAL CONVENTI ONALS 12,873.74 397.45 12,476.29 47.36 12,826.38 27.13 12,846.62

TOTAL POLLUTANTS 23.762.55 674.60 23,087.95 137.37 23,625.18 110.72 23,651.83



Table X-lO

~ONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
ZINC FORMING SUBCATEGORY

TOTAL SUBCATEGORY

.....
CD
o
W

Pollutant

Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Nickel
Zinc

TOTAL TOXIC METALS

Cyanide

TOTAL TOXICS

Aluminum
Ammonia
Cobalt
Fluoride
I ron
Magnesium
Manganese
Molybdenum
Tin­
Titanium
Vanadium

TOTAL NONCONVENTIONALS

TSS
Oil and Grease

TOTAL CONVENTIONALS

TOTAL POLLUTANTS

Total
Raw Waste

0.18
0.01
0.00
0.00

3.704.82
211.750.02

0.17
245.57

6.275.87

221.976.64

40.371.66

262,348.30

152.79
73.15
0.74

23.594.08
122.96

1.104.16
0.01
0.41
0.46
0.03
0.00

25,048.79

'19.916.02
.4,937.46

24.853.48

312.250.57

Option 1
Discharged

0.18
0.01
0.00
0.00
6.19

41.79
0.17

57.91
25.73

131.98

5.48

137.46

152.79
73.15
0.31

1.860.96
32.08

7.82
0.01
0.41
0.46
0.03
0.00

2,128.02

939.04
782.55

1.721.59

3,987.07

Opt ion 1
Removed

0,00
0.00
0.00
0.00

3.698.63
21 1 .708.23

0.00
187.66

6.250.14

221.844.66

40.366,18

262,210.84

0.00
0.00
0.43

21,733.12
90.BB

1.096.34
0.00
0.00
0.00
0.00
0.00

22.920.77

18.976.98
4,154.91

23,131.89

308,263.50

Option 2
Discharged

0.18
0.01
0.00
0.00
4.56

30.55
0.17

40.48
18.05

94.00

3.82

97.82

119.34
73.15
0.10

1.580.10
22.43
5.47
0.01
0.41
0.46
0.03
0.00

1.801.50

656.43,
547.01

1,203.44

3,102.76

Option 2
Removed

0.00
0.00
0.00
0.00

3.700.26
211.719.47

0.00
205.09

6.257.82

221.882.64

40.367.84

262,250.48

33.45
. 0.00

0.64
22.013.98

100.53
1.098.69

0.00
0.00
0.00
0.00
0.00

23.247.29

19.259.59
4,390.45

23.650.04

309,147.81

Option 3
Discharged

0.18
0.01
0.00
0.00
3.82

20,55
0.17

12.03
12.5B

49.34

2,57

51.91

79.86
73.15
0.07

1,580.10
15.32
3.67
0.01
0.41
0.46
0.03
0.00

1,753.08

142.26
547.01

689.27

2.494.25

Option 3
Removed

0.00
0.00
0.00
0.00

3.701.00
211.729.47

0.00
233.54

6,263.29

221,927.30

40.369,09

262,296.39

72.93
0.00
0.67

22,013.98
107.64

1,100.49
0.00
0.00
0.00
0.00
0.00

23,295.71

19.773.76
4,390.45

24,164.21

309,756.31
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TOTAL 5UBCATEG0~V

Pollutant

Arsenic
Cadmium
Chromium
Copper
Lead
Nickel
Thallium
Zinc

TOTAL TOXIC METALS

Cyanide
Dichloromethane
Toluene

TOTAL TOXICS

Aluminum
Ammonia
Cobalt
Fluoride
r ron
Molybdenum
Titanium
Vanadium
Zirconium

TOTAL NONCONVENTIONALS

TSS
Oil and Grease

TOTAL CONVENTIONALS

TOTAL POLLUTANTS

Total
Raw Waste

0.06
0.00
5.80
4.31
I. 14
1.46
0.01
2.73

15.52

0.05
590.83

49.36

655.75

52.79
52.33

0.31
2.422.22

39.86
0.11
0.27
2.78

7.469.65

1D, 040.31

714.08
9.441.90

10.155.98

20.852.04

Optioll 1
Di scllal gtld

0.06
0.00
5.7A
4.31
1.1-1
1.46
0.01
2.04

14.08

0.05
0.00
0.00

14.86

52.79
52.33

0.31
1,232.40

34 .. 85
0.11
0.27
2.78

613.65

1.989.41:!

657.45
849.93

1,507.38

3.511.72

Option 1
Removed

0.00
0.00
0.02
0.00
0.00
0.00
0.00
0.69

0.71

0.00
590.83

46.36

640.90

0.00
0.00
0.00

1.189.82
5.02
0.00
0.00
0.00

6.856.00

8,050.83

56.63
8,591.97

8,648.60

17,340.32

Optilltl :.2
Discharged

0.06
0.00
1.06
4.31
1.14
L46
0.01
1. 58

9.63

0.05
0.00
0.00

9.68

28.19
52.33

0.31
182.45

5.16
0.11
0.27
2.78

90.85

362.44

151.00
125.83

276.83

648.95

Option 2
Re110ved

0.00
0.00
4.74
0.00
0.00
0.00
0.00
1.15

5.89

0.00
590.83

49.36

646.08

24.60
0.00
0.00

7,239.76
3.4.70
0.00
0.00
0.00

7.378,80

9,677.86

563.09
9,316.06

9,879.15

20,203.09

Dot i Oil I
Di sCharg.,d

O.Ob
0.00
O.St:l
·J.31
0.9!i
1.41
0.01
1.56

9.23

0.05
0.00
0.00

9.2"

18.75
52.33

O.3i
182.4!;

3.52
0.11
0.27
2.78

bO.5~

321. 0"

32.72
1 2~,. 83

158.55

488. n:s

"1,1 '"n 3
fl'.:Hl.l .... t:U

;:; .00
tJ •GO
':.92
';.00
0.15
Ll.05
O.UD
1.1"7

6.29

0.01
590.83

49.36

646.48

34.04
0.00
0.00

2. :?3i). 76
3G.34
0.00
O.OD
D.On

7. '::Jq, 12

~. 713 2G

Cll 1.37

20 ..363.18



Table X-12

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg!yr)
METAL POWDERS SUBCATEGORY

TOTAL SUBCATEGORV

Total Option 1 Opt i on 1 Option 2 Option 2 Option 3 Option 3
Pollutant Raw Waste Discharged Removed Discharged Removed Discharged Removed

Antimony 0.42 0.42 0.00 0.42 0.00 0.42 0.00Arsenic 0.68 0.68 0.00 0.68 0.00 0.68 0.00Cadmi"um 0.00 0.00 0.00 0.00 0.00 0.00 0.00Chromium 2.10 2.10 0.00 2.10 0.00 2.10 0.00Copper 932.80 60.20 872.61 22.20 910.61 14.93 917.88Lead 183.80 12.45 lll.35 4.59 119.21 3.06 180.74Nickel 44.57 44.57 0.00 25.40 19.17 8.42 36.15Si I ver 0.00 0.00 0.00 0.00 0.00 0.00 0.00Thallium 0.00- 0.00 0.00 0.00 0.00 0.00 0.00Zinc 74.59 34.25 40.34 12.63 61.96 8.80 65.79

..... TOTAL TOXIC METALS 1,238.96 154.67 1,084.29 68.02 1,170.94 38.40 1,200.56
ex>
0 Cyanide 3.13 3.13 0.00 1.96 1.17 1. 32 1.8\
U1

TOTAL TOXICS 1,242.09 157.80 1, 084.29 69.98 1, 17? 11 39.72 1,202.37

Aluminum 445.40 232.49 212.92 85.72 359.68 57.02 388.38Ammonia 16.89 16.89 0.00 16.89 0.00 16.89 0.00Cobalt 0.01 0.01 0.00 0.01 0.00 0.01 0.00Fluoride 41. 91 41.91 0.00 41.91 0.00 41. 91 0.00I ron 1,980.07 42.55 1,937.51 15.69 1,964.38 10.72 1,969.35Magnesium 79.58 10.38 69.20 3.83 75.75 2.56 77.02Manganese 0.64 0.64 0.00 0.64 0,00 0.64 0.00Tin 87.56 87.56 0.00 39.10 48.46 27.17 69.39Titanium 34.39 20.76 13.63 7.65 26.73 4.98 29.41Vanadium 0.36 0.36 0.00 0.36 0.00 0.36 0.00

TOTAL NONCONVENTIONALS 2,686.80 453.54 2,233.26 211. 81 2,475.00 162.25 2.524.55

TSS 40,568.98 1,245.46 39,323.52 495.24 40,109.74 99.50 40,469.48Oi I and Grease 15,867.35 935.27 14,932.09 280.08 15,587.27 280.08 15,587.27

TOTAL CONVENTI ONALS 56,436.33 2,18(}.72 54,255.61 739.32 55,697.02 379.58 56,056.75

TOTAL POLLUTANTS 60,365.22 2,792.06 57.573.17 1,021.10 59,344.12 581.56 59,783.67



Table X-13

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg!yr)
LEAD-TIN-BISMUTH FORMING SUBCATEGORY

DIRECT DISCHARGERS

Total Option 1 Option 1 Option 2 Option 2 Option 3 Option 3
Pollutant Raw Waste Discharged Removed Discharged Removed Discharged Removed

Antimony 2.50 2.50 0.00 1. 71 0.79 1. 15 1.35
Arsen i c 0.06 0.06 0.00 0.06 0.00 0.06 0.00
Beryllium 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cadmium 0.01 0.01 0.00 0.01 0.00 0.01 0.00
Chromium 13.19 1.67 11.52 0.21 12.98 0.17 13.02
Copper 0.08 0.08 0.00 0.08 0.00 0.08 0.00
Lead 35.80 2.39 33.41 0.29 35.51 0.20 35.60
Nickel 0.05 0.05 0.00 0.05 0.00 0.05 0.00
Zinc 0.06 0.06 0.00 0.06 0.00 0.06 0.00

TOTAL TOXIC METALS 51.75 6.83 44.93 2.47 49.28 1. 78 49.97

Cyanide 0.23 0.23 0.00 0.23 0.00 0.23 0.00

~ TOTAL TOXICS 51.98 7.06 44.93 2.70 49.28 2.01 49.97
Q)
0

Aluminum 0.01 0.01 0.00 0.01 0.00 0.01 0.000'1
Ammonia 0.47 0.47 0.00 0.47 0.00 0.47 0.00
Cobalt 17.85 1.00 16.85 0.12 17.73 0.08 17.77
Fluoride 1. 70 1. 70 0.00 1.70 0.00 1. 70 0.00
Iron 1.58 . 1. 58 0.00 1. 00 0.58 0.68 0.89
Magnesium 96.99 1.99 95.00 0.24 96.74 0.16 96.82
Manganese 0.64 0.64 0.00 0.39 0.25 0.34 0.30
Molybdenum 0.03 0.03 0.00 0.03 0.00 0.03 0.00
Tin 4.03 4.03 0.00 2.62 1.42 1.74 2.30
Titanium 0.24 0.24 0.00 0.24 0.00 0.24 0.00
Vanadium 0.27 0.27 0.00 0.27 0.00 0.27 0.00

TOTAL NONCONVENTIONALS 123.81 11.96 111.85 7.10 116.71 5.73 118.08

TSS 1,531.12 238.94 1,292.18 29.34 1,501.79 6.36 1,524.77
Oi I and Grease 63.91 63.91 0.00 24.45 39.46 24.45 39.46

TOTAL CONVENTIONALS 1,595.03 302.84 i ,292.18 53.78 1,541.25 30.80 1,564.23

TOTAL POLLUTANTS 1,770.82 321.86 1,448.96 63.58 1,707.24 38.54 1 .732.28



Table X-14

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
MAGNESIUM FORMING SUBCATEGORY

DIRECT DISCHARGERS

Total Option 1 Option 1 Option 2 Option 2 Option 3 Option 3
Pollutant Raw Waste Disc~lar'ged Removed Discharged Removed Discharged Removed

Antimony 0.02 0.02 0.00 0.02 0.00 0.02 0.00
Arsenic 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Beryllium 0.18 0.18 0.00 0.18 0.00 0.18 0.00
Cadmium 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chromium 14,675.69 1.48 14,674.21 0,18 14,675.51 0.15 14,675.54
Copper 0.00 0.00 0.00 0,00 0.00 0.00 0.00
Lead 1. 20 1. 20 0.00 0,26 0.95 0.17 1. 03
Nickel 0.00 0.00 .0 .00 0,00 0.00 0.00 0.00
Si lver 0.04 0.04 0.00 0.04 0.00 0.04 0.00
Zinc 119.55 5.81 113.74 0.71 118.84 0.49 119.05

TOTAL TOXIC METALS 14,796.67 8.72 14,787.95 1.38 14,795.30 1.05 14,795.63

I-' Cyanide 0.10 0.10 0.00 0.10 0.00 0.10 0.00
00
0 TOTAL TOXICS 14,796.77 8.82 14,787.95 1.48 14,795.30 1.15 14,795.63
~

Aluminum 81.66 39.42 42.24 4.80 76.87 3.19 78.47
Ammonia 410.75 410.75 0.00 410.75 "0.00 410.75 0.00
Cobalt 1. 29 0.88 0.41 0.11 1. 18 0.07 1.21
Fluoride 61.99 61.99 0.00 31,06 30.92 31.06 30,92
I ron 4,44 4.44 0.00 0,88 3.56 0.60 3.84
Magnesium 27,560.00 1.76 27,558.24 0.21 27,559.79 0.14 27.559.86
Manganese 2.59 2.59 0.00 0.34 2.25 0.30 2.29

TOTAL NONCONVENTIONALS 28,122.72 521.83 27,600.89 448.16 27,674.57 446.12 27,676.60

TSS 2,247.54 211.19 2,036.35 25.71 2,221.83 5.57 2,241.97
Oi 1 and Grease 499.48 175.99 323.49 21.42 478.06 21.42 478.06

TOTAL CONVENTIONALS 2,747.02 387.17 2,359.85 47.13 2,699.89 26.99 2,720.03

TOTAL POLLUTANTS 45,666.51 917.83 44,748.69 496.76 >+5,169.76 474.26 45,192.26



Table X-IS

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
NICKEL-COBALT FORMING SUBCATEGORY

DIRECT DISCHARGERS

I-'
00
o
(Xl

Pollutant

Arsenic
Cadmium
Chromium
Copper
Lead
Nickel
Thall ium
Zinc

TOTAL TOXIC METALS

Cyanide

TOTAL TOXICS

Aluminum
Ammonia
Cobalt
Fluoride
I ron
Molybdenum
Titanium
Vanadium

TOTAL NONCONVENTIONALS

TSS
Oil and Grease

TOTAL CONVENTIONALS

TOTAL POLLUTANTS

Total
Raw Waste

0.39
36.10

756.70
913.10

2.42
9,245.50

0.01
39.05

10,993.27

0.02

10,993.30

33.34
908.76

1,080.88
7,090.26"
1,235.71

78.37
1,111.82

16.47

11,555.61

10,755.90
3,645.88

14,401.78

36,950.69

Option 1
Discharged

0.39
29.30
31.17

215.40
2.42

274.80
0.01

39.05

592.54

0.02

592.57

33.34
908.76

18.56
5,383.80

75.20
78.37
74.25
16.47

6,588.75

4,456.00
3,645.88

8,101.88

15,283.20

Option I
Removed

0.00
6.80

725.53
697.70

0.00
8,970.70

0.00
0.00

10,400.73

0.00

10,400.73

0.00
0.00

1,062.32
1,706.46
1,160.51

0.00
1,037.57

0.00

4,966.86

6,299.90
0.00

6,299.90

71,667.49

Option 2
Discharged

0.39
3.28
3.50

24.10
2.42

30.80
0.01

13.70

78.20

0.02

78.23

33.34
908.76

2.10
603.00

17.06
75.30
8.32
4.16

1,652.04

499.00
416.00

915.00

2,645.27

Option 2
Removed

0.00
32.82

753.20
889.00

0.00
9,214.70

0.00
25.35

10,915.07

0.00

10,915.07

0.00
0.00

1,078.78
6,487.26
1,218.65

3.07
1,103.50

12.31

~,903.57

10,256.90
3,329.88

13,486.78

34,305.42

Option 3
Discharged

0.39
2.03
2.90

16.22
2.42
9.15
0.01
9.60

42.72

0.02

42.75

33.34
908.76

1.40
603.00

11.65
16.88
5.41
4.16

1,584.60

108.00
416.00

524.00

2,151.35

Option 3
Removed

0.00
34.07

753.80
896.88

0.00
9,236.35

0.00
29.45

10,950.55

0.00

10,950.55

0.00
0.00

1.079.48
6,487.26
1,224.06

61.49
1.106.41

12.31

9.971.01

10,647.90
3,229.88

13,877.78

34,799.34



Table X-16

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
PRECIOUS METALS FORMING SUBCATEGORY

DIRECT DISCHARGERS

Pollutant

Antimony
Arsenic
Cadmium

. Chromi urn
Copper
Lead
Nickel
Selenium
Silver
Thallium
Zinc

TOTAL TOXIC METALS

Cyanide

TOTAL TOXICS

Aluminum
Ammonia
Cobalt
Fluoride
Iron
Magnesium
Manganese
Tin
Titanium
Vanadium

TOTAL NONCONVENTIONALS

TSS
Oil and Grease

TOTAL CONVENTIONALS

TOTAL POLLUTANTS

Total
Raw Waste

0.00
0.00
6.69
0.26

13.67
0.32
0.78
0.00
1. 32
0.00
5.58

28.61

18.83

47.44

28.32
5.30
0.01

16.42
14.51
96.85
4.07
0.00
0.22
0.00

165.69

3,113.09
351.66

3,464.75

3,677.88

Optio" 1
Di scl,aqJed

0.00
O.GO
2.53
0.26

13.67
0.32
0.78
0.00
1.32
0.00
5.58

24.46

2.24

26.70

28.32
5.30
0.01

16.42
13.14
3.21
4.07
0.00
0.22
0.00

70.68

384.71
320.59

705.31

802.69

Opt ion 1
Removed

0.00
0.00
4.16
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

4.16

16.59

20.74

0.00
0.00
0.00
0.00
1.36

93.65
0.00
0.00
0.00
0.00

95.01

2,728.38
31.06

2,795.44

2,875.19

Option 2
Discharged

0.00
0.00
0.27
0.26
1.98
0.32
0.78
0.00
0.34
0.00
1.12

5.07

0.24

5.31

7.63
5:30
0.01

16.42
1.40
0.34.
0.55
0.00
0.22
0.00

31.B5

40.89
34.07

74.9.6

112.12

Option 2
Removed

0.00
0.00
6.42
0.00

11.69
0.00
0.00
0.00
0.98
0.00
4.45

23.54

18.59

42.13

20.69
0.00
0.00
0.00

13.11
96.51

3.52
0.00
0.00
0.00

133.B3

3,072.21
317.59

3,389.79

3,565.76

Option 3
Discharged

0.00
0.00
0.17
0.24
1. 33
0.:<7
0.75
0.00
0.02
0.00
0.78

3.56

0.16

3.72

5.08
5.30
0.01

16.42
0.95
0.34
0.48
0.00
0.22
0.00

28.79

8.86
34.07

42.93

75.44

Option 3
Removed

0.00
0.00
6.52
0.03

12.34
0.04
0.03
0.00
1. 30
0.00
4.79

25.05

18.67

43.72

23.24
0.00
0.00
0.00

13.55
96.51

3.59
0.00
0.00
0.00

136.90

3,104.23
317.59

3,421.82

3,602.44



Table X-17

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
REfRACTORY METALS FORMING SUBCATEGORY

DIRECT DISCHARGERS

Total Option I Option I Option 2 Option 2 Option 3 Option 3
Pollutant Raw Waste Discharged Removed Discharged Removed Discharged Removed

Arsenic 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Beryllium 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cadmium 0.58 0.58 0.00 0.35 0.23 0.23 0.34
Chromium 4.71 4.71 0.00 0.61 4.11 0.54 4.17
Copper 3.10 3.10 0.00 2.80 0.30 2.14 0.96
Lead 0.32 0.32 0.00 0.32 0.00 0.32 0.00
Nickel 72.56 72.56 0.00 5.75 66.81 1.71 70.85
Silver 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Thallium 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Zinc 2.87 2.87 0.00 1. 71 1, 16 1.29 1, 58

TOTAL TOXIC METALS 84.14 84.14 0.00 11.55 72.60 6.24 77.90

Cyanide 0.02 0.02 0.00 0.02 0.00 0.02 0.00
.....
00 TOTAL TOXICS 84. t7 84.17 0.00 11.57 72.60 6.27 77.90.....
0 Aluminum 186.04 186.04 0.00 17.42 168.62 11.58 174.45

Ammonia 9.10 9.10 0.00 9.'10 0.00 9.10 O.OU
Cobalt 0.80 0.80 0.00 0.24 0.56 0.17 0.6;3
Fluoride 1.668.61 1. £i6H .til 0.00 112.74 1.555.87 112.74 1. :'55 .8/
Iron 265.73 84.>30 180.83 3.19 262.54 2.18 263.55
Magnesium 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Manganese 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Refractory Metals 15.955.27 305.22 15,650.05 6.55 15,948.72 '1.57 15.950.70
Titanium 28.51 15.36 13.15 0.41 28.10 0.35 28.16

TOTAL NONCONVENTIONALS 18,114.06 2,270.03 15,844.03 149.64 17,964.42 140.70 17.973.36

TSS 11,310.50 2,931.95 8,378.5'5 93.30 11,217.'20 20.22 11,290.28
Oil and Grease 50.23 50.21 0.03 46.90 3.34 46.90 3.34

TOTAL CONVENTIONALS 11,360.73 2,982.16 8,378.58 140.20 11,220.53 67.11 11,2"93.62

TOTAL POLLUTANTS 29,558.96 5,336.35 24,222.60 301.41 29,257.55 214.08 29,344.88



Table X-18

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
TITANIUM FORMING SUBCATEGORY

DIRECT DISCHARGERS

.....
(Xl
.....
.....

Pollutant

Arsenic
Cadmium
Chromium
Copper
Lead
Nickel
Thall ium
Zinc

TOTAL TOXIC METALS

Cyanide

TOTAL TOXICS

Aluminum
Ammonia
Cobalt
Fluoride
I ron
Molybdenum
Tantalum
Titanium
Tungsten
Vanadium

TOTAL NONCONVENTIONALS

TSS
Oi \ and Grease

TOTAL CONVENTI ONALS

TOTAL POLLUTANTS

Total
Raw Waste

0.03
0.15

15.15
36.58

217.22
1.04
0.00

90.72

360.91

0.16

361.07

3,858.44
9,898.97

77 .80
44,266.07
16,889.30

318.99
0.00

42,802.41
0.00

1,117.20

119,229.19

28,793.48
3,181.73

31,975.21

15'1,565.47

Option I
Discharged

0.03
0.15

15.15
36.58

';127.81
1.04
0.00

90.72

271.50

0.16

271.66

2,385.78
9,898.97

53.25
15,443.64

436.68
318.99

0.00
213.02

0.00
1,117.20

29,867.54

12,780.95
3,181.73

15,962,67

46,101.87

Option 1
Removed

0.00
0.00
0.00
0.00

89.41
0.00
0.00
0.00

89.41

0.00

89.41

1,472.66
0.00

24.55
28,822.43
16,452.61

0.00
0.00

42,589.40
0.00
0.00

89,361.65

16,012.53
0.00

16,012.53

105,463.59

Option 2
Discharged

0.03
0.15

10.09
36.58
14.41
1.04
0.00

39.62

101.93

0.16

102.09

268.95
9,898.97

6.00
1,740.97

49.23
169.29

0.00
24.01
0.00

169.29

12,326.73

1,440.80
1,200.67

2,641.47

15,070.29

Option 2
Removed

0.00
0.00
5.06
0.00

202.81
0.00
0.00

51. 10

258.98

0.00

258.98

3.589.49
0.00

71.80
42,525.10
16,840.07

149.70
0.00

42,778.40
0.00

947.91

106.902.46

27.352.67
1,981.06

29,333.73

136,495.17

Option 3
Discharged

0.03
0.15
8.40

36.58
9.61
1.04
0.00

27.62

83.44

0.16

83.60

178.90
9,898.97

4.08
1,740.97

33.62
112.86

0.00
\5.6\
0.00

112.86

12,097.88

312.17
1,200.67

1,512.84

13,694.33

Option 3
Removed

0.00
0.00
6.74
0.00

207.62
0.00
0.00

63.11

277.47

0.00

277.47

3,679.54
0.00

73.72
42,525.10
16,855.68

206.13
0.00

42,786.81
0.00

1,004.34

107.131.31

28,481.30
1,981,06

30,462.36

137,871.14



Table X-19

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
URANIUM FORMING SUBCATEGORV

DIRECT DISCHARGERS

Pollutant

Antimony
Arsenic
Cadmium
Chromium
Copper
Lead
Nickel
Tha Ilium
Zinc

TOTAL TOXIC METALS

Cyanide

TOTAL TOXICS

Aluminum
Ammonia
Fluoride
Iron
Magnesium
Molybdenum
Titanium
Uranium

TOTAL NONCONVENTIONALS

TSS
Oil and Grease

TOTAL CONVENTIONALS

TOTAL POLLUTANTS

Total
Raw Waste

0.00
0.00
0.67
2.82
3.94

42.42
I. I I
0.00

10.73

61.69

0.09

61.79

113.16
39.68
96.08

850.69
144.96

0.37
5.95

9.576.13

10.827.02

12,022.92
850.82

12,873.74

23,762.55

Option 1
Discharged

0.00
0.00
0.67
1. 52
3.94
2.17
I. I 1
0.00
5.96

15.37

0.09

15.47

40.47
39.68
96.08

7.41
1.81
0.37
3.61

72.26

261.68

216.79
180.66

397.45

674.60

Option I
Removed-

0.00
0.00
0.00
1.30
0.00

40.25
0.00
0.00
4.77

46.32

0.00

46.32

72.69
0.00
0.00

843.29
143.15

0.00
2.34

9,503.87

10,565.34

11,806.13
670.16

12,476.29

23,087.95

Option 2
Discharged

0.00
0.00
0.17
0.18
1.25
0.26
1. I 1
0.00
0.71

3.68

0.09

3.78

4.82
39.68
31. 22

0.88
0.22
0.37
0.43
8.61

86.23

25.83
21.53

47.36

137.37

Option 2
Removed

0.00
0.00
0.50
2.64
2.69

42. '6
0.00
0.00

10.02

58.01

0.00

58.01

108.34
0.00

64.86
849.81
144.74

0.00
5.52

9,567.52

10,740.79

11,997.09
829.29

12,826.38

23,625.18

Option 3
Discharged

0.00
0.00
O. I I
0.15
0.84
0.17
0.47
0.00
0.50

2.24

0.09

2.33

3.21
39.68
31.22
0.60
0.22
0.37
0.28
5.68

81.25

5.60
21.53

27.13

110.72

Option 3
Removed

0.00
0.00
0.57
2.67
3.10

42.25
0.64
0.00

10.23

59.45

0.00

59.45

109.95
0.00

64.86
850.09
144.74

0.00
5.67

9,570.45

10.745.77

12,017.33
829.29

12,846.62

23.651.83



Table X-20

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
ZINC FORMING SUBCATEGORY

DIRECT DISCHARGERS

.....
00
.....
W

Pollutant

Antimony
Arsenic
'Beryl 1 ium
Cadmium
Chromium
Copper
Lead
Nickel
Zinc

TOTAL TOXIC METALS

Cyanide

TOTAL TOXICS

Aluminum
Ammonia
Cobalt
Fluoride
I ron
Magnesium
Manganese
Molybdenum
Tin
Titanium
Vanadium

TOTAL NONCONVENTIONALS

TSS
Oi 1 and Grease

TOTAL CONVENTIONALS

TOTAL POLLUTANTS

Total
Raw Waste

0.00
0.00
0.00
0.00

3,704.68
211,750.00

0.16
238.22

6,227.69

221,920.75

40,361.87

262,282.62

151.36
72.99
0.00

22,777.28
118'.17

1,066.64
0.01
0.00
0.00
0.00
0.00

24,186.44

19,196.17
4,753.57

23,949.74

310,418.81

Option 1
Discharged

0.00
0.00
0.00
0.00
6.05

41.77
0.16

53.29
23.67

124.94

5.04

129.98

151.36
72.99

0.00
1,044.16

29.52
7.20
0.01
0.00
0.00
0.00
0.00

1,305.23

864.10
720.10

1,584.20

3,019.42

Option 1
Removed

0.00
0.00
0.00
0.00

3,69B.63
211, 70B. 23

0.00
184.93

6,204.02

221,795.81

40,356.83

262,152.64

0.00
0.00
0.00

21,733.12
88.65

1,059.44
0.00
0.00
0.00
0.00
0.00

22,881.21

18,332.07
4,033.47

22,365.54

307,399.39

Option 2
DisCharged

0.00
0.00
0.00
0.00
4.42

30.53
0.16

38.95
17.37

91.43

3.68

95.11

117.91
72.99
0.00

763.30
21.58
5.26
0.01
0.00
0.00
0.00
0.00

981.0:4

631.70
526.40

1,158.10

2,234.26

Option 2
Removed

0.00
0.00
0.00
0.00

3,700.26
211,719.47

0.00
199.27

6,210.32

221,829.32

40,358.19

262,187.51

33.45
0.00
0.00

22,013.98
96.59

1,061.38
0.00
0.00
0.00
0.00
0.00

23,205.40

18,564.47
4,227.17

22,791.64

308.184.55

Option 3
Discharged

0.00
0.00
0.00
0.00
3.68

20.53
0.16

11.58
12.11

48.06

2.47

50.53

78.43
72.99
0.00

763.30
14.74
3.53
0.01
0.00
0.00
0.00
0.00

932.99

136.90
526.40

663.30

1,646.83

Option 3
Removed

0.00
0.00
0.00
0.00

3,701.00
211,729.47

0.00
226.64

6,215.58

221,872.69

49,359.40

262,232.09

72.93
0.00
0.00

22,013.98
103.43

1,063.11
0.00
0.00
0.00
0.00
0.00

23,253.45

19,059.27
4,227.17

23,286.44

308,771.98



Table X-21

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
ZIRCONIUM-HAFNIUM FORMING SUBCATEGORV

DIRECT DISCHARGERS

Total Option 1 Option 1 Option 2 Option 2 Option 3 Option 3Pollutant Raw Waste Discharged Removed Discharged Removed Discharged Removed

Arsenic 0.06 0.06 0.00 0.06 0.00 0.06 0.00Cadmium 0.00 0.00 0.00 0.00 0.00 0.00 0.00Chromium 5.64 5.64 0.00 1. 04 4.60 0.87 4.78Copper 4.24 4.24 0.00 4.24 0.00 4.24 0.00Lead 1. 14 1.14 0.00 1.14 0.00 0.99 0.15Nickel 1. 37 1.37 0.00 1.37 0.00 1. 37 0.00Thallium 0.01 O.Ol' 0.00 0.01 0.00 0.01 0.00Zinc 1.52 1. 52 0.00 1. 52 0.00 1. 52 0.00

TOTAL TOXIC METALS 13.98 13.98 0.00 9.38 4.60 9.06 4.93

I-' Cyanide 0.04 0.04 0.00 0.04 0.00 0.04 0.00t=) Dichloromethane 590.83 0.00 590.83 0.00 590.83 0.00 590.83I-' Toluene 49.36 0.00 49.36 0.00 49.36 0.00 49.36ol=>o

TOTAL TOXICS 654.20 14.02 640.18 9.42 644.79 9.09 645.11

Aluminum 51.37 51.37 0.00 27.72 23.65 18.44 32.93Ammonia 51.92 51.92 0.00 51.92 0.00 51.92 0.00Cobalt 0.30 0.30 0.00 0.30 0.00 0.30 0.00Fluoride 2,395.32 1,209.35 1,185.97 179.44 2,215.88 179.44 2,215.88Iron 38.34 34.20 4.15 5.07 33.27 3.47 34.88Molybdenum 0.07 0.07 0.00 0.07 0.00 0.07 0.00Titanium 0.26 0.26 0.00 0.26 0.00 0.26 0.00Vanadium 2.69 2.69 0.00 2.69 0.00 2.69 0.00Zirconium 7,376.00 602.17 6,773.82 89.35 7,286.65 59.53 7,316.47

TOTAL NONCONVENTIONALS 9.916.28 1,952.34 7,963.9.4 356.84 9,599.44 316.12 9,600.16
TSS 638.38 638.38 0.00 148.50 489.88 32.18 606.20Oi 1 and Grease 8,543.04 834.04 ',709.00 123.75 8,419.28 123.75 8,419.28
TOTAL CONVENTIONALS 9,181.42 1,472.42 7,709.00 272.26 8,909.16 155.93 9,025.49
TOTAL POLLUTANTS 19,751.90 3,438.78 16,313.12 638.51 19,113.39 481.14 19.270.76



Table X-22

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
METAL POWDERS SUBCATEGORY

DIRECT DISCHARGERS

.....
(Xl
.....
\J1

Pollutant

Antimony
Arsenic
Cadmium
Chromium
Copper
Lead
Nickel
Silver
Thallium
Zinc

TOTAL TOXIC METALS

Cyanide

TOTAL TOXICS

Aluminum
Ammonia
Cobalt
Fluoride
I ron
Magnesium
Molybdenum
Tin
Titanium
Vanadium

TOTAL NONCONVENTIONALS

TSS
Oi1 and Grease

TOTAL CONVENTI ONALS

TOTAL POLLUTANTS

Total
Raw Waste

0.04
0.07
0.00
0.22

111,76
19.31
4.68
0.00
0.00
7.71

143.79

0.00

143.79

46.25
1.01
0.00
2.18

207.31
5.58
0.07
9.14
3.61
0.04

275.·18

3,868.40
0.00

3,868.40

4,287.36

Option 1
Di sct1arged

0.04
0.07
0.00
0.22
5.95
1. 23
4.68
0.00
0.00
3.39

15.58

0.00

15.58

22.99
1.01
0.00
2.18
4.21
1.03
0.07
9.14
2.05
0.04

42.70

123.14
0.00

123.14

181.42

Option 1
Removed

0.00
0.00
0.00
0.00

105.80
18.07
0.00
0.00
0.00
4.33

128.20

0.00

128.20

23.27
0.00
0.00
0.00

203.10
4.55
0.00
0.00
1.56
0.00

232.48

3,745.26
0.00

3.745.26

4,105.95

Option 2
Discharged

0.04
0.07
0,00
0.22
5.95
1.23
4.68
0.00
0.00
3.39

15.58

0;00

15.58

22.99
1.01
0.00
2.18
4.21
1.03
0.07
9.14
2:05
0.04

42.70

123.14
0.00

123.14

181. 42

Option 2
Removed

0.00
0.00
0.00
0.00

105.80
18.07
0.00
0.00
0.00
4.33

128.20

0.00

128.20

23:27
0.00
0.00
0.00

203.10
4.55
0.00
0.00
1.56
0.00

232.48

3,745.26
0.00

3,745.26

4,105.95

Option 3
Discharged

0.04
0.07
0,00
0.22
4.00
0.82
2.26
0.00
0.00
2.36

9.78

0.00

9.78

15.29
1.01
0.00
2.18
2.87
0.69
0.07
7.29
1.. 33
0.04

30.76

26.68
0.00

26.68

67.22

Option 3
Removed

0.00
0.00
0.00
0.00

107.75
18.48
2.42
0.00
0.00
5.35

134.01

0.00

134.01

30.96
0.00
0.00
0.00

204.43
4.89
0.00
1.85
2.28
0.00

244.42

3,841. 72
0.00

3,841.72

4,220.15



1816

Table X-23

OPTIONS SELECTED AS THE TECHNOLOGY BASES FOR BAT

option 1 Flow Normalization, Lime and Settle

Option 2 - Flow Reduction, Lime and Settle'

option 3 - Flow Reduction, Lime and Settle, Multimedia Filtration

BAT

Option 2

Option 2

Option 3

Option 2

Option 3

Option 2

Option 3

Option 3

Option 2

Option 1

Subcategory

Lead-Tin-Bismuth Forming

Magnesium Forming

Nickel-Cobalt Forming

Precious Metals Forming

Refractory Metals Forming

Titanium Forming

Uranium Forming

Zinc Forming

Zirconium-Hafnium Forming

Metal Powders Forming



Table X-24

BAT REGULATORV FLOWS FOR THE
PROOUCTION OPERATIONS - LEAD-TIN-BISMUTH FORMING SUBCATEGORV

Normalized
BAT Discharge

Operation

Roll ing

Orawing

Extrusion

Swaging

Casting

Continuous Strip Casting

Semi-Continuous Ingot
Casting

Shot Casting

Shot-forming

Waste Stream

Spent emulsions

Spent soap solutions

Spent neat oils

Spent emulsions

Spent soap solutions

Press or solution heat treatment
contact cooling water

Press hydraulic fluid leakage

Spent emulsions

Contact cooling water

Contact cooling water

Contact cooling water

Wet dil pollul iun coiltrol
blowdown

l/kkg

23.4

43.0

o

26.3

7.46

144

55.0

'.77

1.00

2.94

37.3

58.8

gal/ton

5.60

10.3

o

6.30

1.79

34.6

. 13.2

0.424

0.240

0.704

8.95

14.1

Production Normalizing
Parameter

Mass of lead-tin-bismuth
rol led with emulsions

Mass of lead-tin-bismuth
rolled with soap solutions

Mass of lead-tin-bismuth drawn
with emulsions

Mass of lead-tin-bismuth drawn
with soap solutions

Mass of lead-tin-bismuth heat
treated and subsequently
cooled with water

Mass of 1ead-t i n-bi smuth
extruded

Mass of lead-tin-bismuth
swaged with emulsions

Mass of lead-tin-uismuth cast
by the continuous strip method

Mass of lead-tin-bismuth ingot
cast by the jemi-continuou5
me.thod

Mass of lead-tin-bismuth shot
cast

Mass (If 1<li:ld' t i n-lli !imuth S~IOt

formecl



Operation

Alkaline Cleaning

Degreasing

Table X-24 (ContInued)

BAT REGULATORY FLOWS FOR THE
PRODUCTION OPERATIONS - LEAD-TIN-BISMUTH FORMING SUBCATEGORY

Normalized
BAT Discharge

Production Normalizing
Waste Stream l/kkg gal/ton Parameter

Spent oaths 120 28.7 Mass of lead-tin-bismuth
alkaline cleaned

Rinsewater 236 56.5 Mass of lead-tin-bismuth
alkaline cleaned

Spent solvents 0 0



LEAD-TIN-BISMUTH FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
rolled with emulsions

rng/off-kg (lb/rnillion off-lbs) ~f lead-tin-bismuth
rolled with soap solutions

.030

.005

.055

.009

Maximum for
monthly average

Maximum for
monthly average

.067

.010

.124

.018

Maximum for
anyone day

Maximum for
anyone day

*Antimony
*Lead

*Antimony
*Lead

Table X-25

There shall be no discharge of process wastewater
pollutants.

1819

Pollutant or
pollutant property

BAT
Lead-Tin-Bismuth Forming
Drawing Spent Neat Oils

Pollutant or
pollutant property

BAT
Lead-Tin-Bismuth Forming
Rolling Spent Emulsions

BAT
Lead-Tin-Bismuth Forming
Rolling Spent Soap Solutions



Table X-25 (Continued)

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
drawn with emulsions

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.034

.005

.010

.001

.185

.029

Maximum for
monthly average

Maximum for
monthly average

Maximum for
monthly average

1820

.076

.011

.021

.003

.413

.061

Maximum for
anyone day

Maximum for
anyone day

Maximum for
anyone day

*Antimony
*Lead

*Antimony
*Lead

Pollutant or
pollutant property

*Antimony
*Lead

BAT
Lead-Tin-Bismuth Forming
Drawing Spent Emulsions

mg/off-kg (1b/million off-lbs) of 1ead-tin-bismuth
drawn with soap solutions

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
heat treated

BAT
Lead-Tin-Bismuth Forming
Drawing Spent Soap Solutions

BAT
Lead-Tin-Bismuth Forming
Extrusion Press or Solution Heat Treatment Contact
Cooling Water

Pollutant or
pollutant property

Pollutant or
pollutant property



Table X-25 (Continued)

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
cast by the continuous strip method

.070

.011

.0013

.0002

.0023

.0004

Maximum for
monthly average

Maximum for
monthly average

Maximum for
monthly average

.158

.023

1821

.0029

.0004

.0051

.0008

Maximum for
anyone day

Maximum for
anyone day

Maximum for
anyone day

*Antimony
*Lead

*Antimony
*Lead

*Antimony
*Lead

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
swaged with emulsions

BAT
Lead-Tin-Bismuth Forming
Continuous Strip Casting Contact Cooling Water

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
extruded

BAT
Lead-Tin-Bismuth Forming
Extrusion Press Hydraulic Fluid Leakage

BAT
Lead-Tin-Bismuth Forming
Swaging Spent Emulsions

Pollutant or
pollutant property

Pollutant or
pollutant property

Pollutant or
pollutant property



Table X-25 (Continued)

D----------,-------------------,----

.048

.007

.004

.001

.075
'.012

Maximum for
monthly average

Maximum for
monthly average

Maximum for
monthly average

1822

.008

.001

.169

.025

.107

.016

Maximum for
anyone day

Maximum for
anyone day

Maximum for
anyone day

*Antimony
*Lead

*Antimony
*Lead

*Antimony
*Lead

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
ingot cast by the semi-continuous method

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
shot formed

BAT
Lead-Tin-Bismuth Forming
Semi-Continuous Ingot Casting Contact Cooling Water

SAT
Lead-Tin-Bismuth Forming
Shot Casting Contact Cooling Water

Pollutant or
pollutant property

ms!off-kg (lb/million off-lbs) of lead-tin-bismuth
s!:ot cast

Pollutant or
pollutant property

BAT
Lead-Tin-Bismuth Forming
Shot-Forming Wet Air Pollution Control Slowdown



mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
alkaline cleaned

mg/off-kg (l~/million off-lbs) of lead-tin-bismuth
alkaline cle~ned

There shall be no discharge of process wastewater
pollutants.

.154

.024

.302

.047

Maximum for
monthly average

Maximum for
monthly average

.345

.050

.678

.099

Maximum for
anyone day

f1aximum for
anyone day

*Antimony
*Lead

*Antimony
*Lead

Table X-25 (Continued)

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

1823

BAT
Lead-Tin-Bismuth Forming
Degreasing Spent Solvents

BAT
Lead-Tin-Bismuth Forming
Alkaline Cleaning Spent Baths

BAT
Lead-Tin-Bismuth Forming
Alkaline Cleaning Rinse

Pollutant or
pollutant property

Pollutant or
pollutant property



Table X-26

BAT REGULATORY FLOWS FOR THE
PRODUCTION OPERATIONS - MAGNESIUM FORMING SUBCATEGORY

Normalized
BAT Discharge

Operation

Rolling

Forging

Direct Chill Casting

Surface Treatment

Sawing or Grinding

Degreasing

Wet Air Pollution Control

Waste Stream

Spent emulsions

Spent lubricants

Contact cooling water

Equipment cleaning wastewater

Contact cooling water

Spent baths

Rinsewater

Spent emulsions

Spent solvents

Blowdown

I/kkg

74.6

o

289

3.99

3.950

466

1,890

19.5

o

619

gal/ton

17.9

o

69.3

0.959

947

112

452

4.68

o

148

Production Normalizing
Parameter

Mass of magnesium rolled with
emulsions

Mass of forged magnesium
cooled with water

Mass of magnesium forged on
equipment requiring cleaning
with water

Mass of magnesium cast with
direct chill methods

Mass of magnesium surface
treated

Mass of magnesium surface
treated

Mass of magnesium sawed or
ground

Mass of magnesium sanded and
repaired or forged



Table X-27

mg/off-kg (lb/million off-lbs) of forged magnesium
cooled with water

MAGNESIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.013

.046
4.370
1. 970

.052

.176
17.000

7.630

Maximum for
monthly average

Maximum for
monthly aVer2JE:

.033

.109
9.950
4.440

.007

1825

.127

.422
38.500
17.200

.029

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Zinc
*Ammonia
*Fluoride
Magnesium

*Chromium
*Zinc
*Ammonia
*Fluoride

Magnesium

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of magnesium
rolled with emulsions

Pollutant or
pollutant property

BAT
Magnesium Forming
Forging Contact Cooling Water

BAT
Magnesium Forming
Rolling Spent Emulsions

BAT
Magnesium Forming
Forging Spent Lubricants

Pollutant or
pollutant property



Table X-27 (Continued)

~ffiGNESIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.0007

.0024

.2340

.1060

.711
2.410

232.000
104.000

Maximum for
monthly average

Maximum for
monthly average

.0018

.0058

.5320

.2380

.0004

1826

1. 740
5.770

527.000
235.000

.395

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Zinc
*Ammonia
*Fluoride

Magnesium

*Chromium
*Zinc
*Ammonia
*Fluoride

Magnesium

mg/off-kg (lb/millic~ off-lbs) of magnesium
forged

Pollutant or
pollutant propert~

BAT
Magnesium Forming
Forging Equipment Cleaning Wastewater

mg/ofE-kg (lb/million off-lbs) of magnesium
cast with direct chi~l methods

BAT
Magnesium Forming
Direct Chill Casting Contact Cooling Water

Pollutant or
pollutant property



Table X-27 (Continued)

MAGNESIUM FORMING SUBCATEGORY
BAT EFFLUENT L~MITATIONS

mg/off-kg (lb/million off-1bs) of magnesium
surface treated

/

.084

.284
27.300
12.300

.340
1.150

111.000
49.900

monthly average

Maximum for
monthly average

..'1aximum Eor

.205

.681
62.100
27.700

.047

1827

.832
2.760

252.000
113.000

.189

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Zinc
*Ammonia
*Fluoride

Magnesium

?ollutant or
?ollutant property

BAT
Magnesium Forming
Surface Treatment Spent Baths

mg/off-kg (lb/mi1lion off-lbs) of magnesium
surface treated

BAT
Magnesium Forming
Surface Treatment Rinse

"'Chromium
*Zinc
"'Ammonia
"'Fluoride

Magnesium

Pollutant or
pollutant property



Table X-27 (Continued)

MAGNESIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

~here shall be no discharge of process wastewater
pollutants.

.004

.012
1.140

.515

.112

.378
36.300
16.400

Maximum for
monthly average

Maximum for
monthly average

.009

.029
2.600
1.160

.002

1828

.273

.904
82.500
36.900

.062

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Zinc
*Anunc:1ia
*F1ucride

Magnesium

Poll~-:ant or
po:l_cant property

mg/o=E-kg (lb/million off-lbs) of magnesium
sawec. or ground

3A:
~agnesium Forming
Sawing or Grinding Spent Emulsions

BAT
Magnesium Forming
Wet Air Pollution Control Blowdown

mg/off-kg (lb/million off-lbs) of magnesium
formed

Pollutant or
pollutant property

BAT
Magnesium Forming
Degreasing Spent Solvents

*Chromium
*Zinc
*Anunonia
*F1uoride

Magnesium



Table X-28

BAT REGULATORY FLOWS FOR THE
PRODUCTION OPERATIONS - NICKEL-COBALT FORMING SUBCATEGORY

Normalized
BAT Discharge

Operation

Roll ing

Tube Reducing

Drawing

Extrusion

Forging

Metal Powder Production

Stationary Casting

Waste Stream l/kkg gal/ton

Spent neat oi Is 0 0

Spent emulsions 170 40.9

Contact coo ling water 75.4 lB. I

Spent lubricants 0 0

Spent neat oi Is 0 0

Spent emulsions 95.4 22.9

spent lUbricants 0 0

Press or solution heat 83.2 20".0
treatment contact coo Ii n9
water'

Press hydraulic fluid 232 55.6
leakage

spent lUbricants 0 0

Contact cool ing water 47.4 11.4

Equipment cleaning wastewater A.OO 0.957

Press hydraulic fluid leakage 187 44.8

Atomization wastewater 2,620 629

Contact cool ing water 1,210 290

Production Normalizing
Parameter

Mass of nickel-cobalt rolled
with emulsions

Mass of nickel-cobalt rolled
with water

Mass of nickel-cobalt drawn
with emulsions

Mass of nickel-cobalt extruded
or heat treated and subse­
quently cooled with water

Mass of nickel-cobalt extruded

Mass of forged nickel-cobalt
cooled with water

Mass of nickel-cobalt forged
on equipment requiring clean­
ing with water

Mass of nickel-cobalt forged

Mass of nickel-cobalt metal
powder produced by wet atom­
ization

Mass of nickel-cobalt cast
with stationary casting
methods



Table X-2B (Continued)

BAT REGULATORY FLOWS FOR THE
PRODUCTION OPERATIONS - NICKEL-COBALT FORMING SUBCATEGORY

Operation Waste Stream l/kkg

Normalized
BAT Discharge

gal/ton
Production Normalizing

Parameter

l-'
CO
W
o

Vacuum Melting

Annealing and Solution
Heat Treatment

Surface Treatment

Ammonia

Alkaline Cleaning

Molten Salt

Sawing or Grinding

Steam condensate

Contact cooling water

Spent baths

Rinsewater

Rinse

Spent baths

Rinsewater

Rinsewater

Spent emulsions

Rinsewater

0 0

0 0

935 224 Mass of nickel-cobalt surface
treated

2,360 565 Mass of nickel-cobalt surface
treated

14.B 3.54 Mass of nickel-cobalt treated
wHh ammonia solution

33.9 B.13 Mass of nickel-cobalt alkaline
cleaned

233 55.9 Mass of nickel-cobalt alkaline
cleaned

B44 202 Mass of nickel-cobalt treated
with molten salt

39.4 9.45 Mass of nickel-cobalt sawed or
ground wi th emulsions

lBl 43.5 Mass of sawed or ground



Table X-28 (Continued)

BAT REGULATOR V FLOWS FOR THE
PRODUCTION OPERATIONS - NICKEL-COBALT FORMING SUBCATEGORV

Normalized
BAT Discharge

Operation Waste Stream I/kkg gal/ton

Steam Cleaning Condensate 30.1 7.22

Hydrostatic Tube Testing Wastewater. 0 a
and Ultrasonic Testing

Dye Penetrant Testing Wastewater 213 50.9

Miscellaneous Wastewater Various 246 58.4Sources

f-' Degreasing Spent solvents 0 0CO
W Wet Ilir 'Pollution Control Blowdown 810 192f-'

Electrocoating Rinsewatilr 3,370 807

Pr~duction Normalizing
Parameter

Mass of nickel-cobalt steam
cleaned

Mass of nickel-cobalt tested
with dye penetrant methods

Mass of ni~kel-cobalt formed

Mass of n i ck.e I-coba It fO.rmed

Mass of nickel-cobalt electro­
coated



rable X-29

NICKEL-C03ALT :ORMING SUBCATEGORY
BAT EF?LC~t;T LIMITATIONS

.014

.026

.104

.022

.063

.071
4.490

.006

.011

.046

.010

.028

.032
1. 990

Maximum for
monthly average

Maximum for
monthly average

1832

.015

.028

.097

.021

.042

.077
4.490

.034

.063

.218

.048

.094

.174
IJ.lOO

Maximu~ for
anyone day

M.;lximu__ for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

Cadmium
*Chromium
Copper
Lead

*Nickel
zinc

*Fluoride

BAT
Nickel-Cobalt Forming
Rolling Spent Neat Oils

There shall be no discha=~e of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of nickel-cobalt
rolled with emulsions

BAT
Nickel-Cobalt Forming
Rolling Spent Emulsions

BAT
Nickel-Cobalt Forming
Rolling Contact Cooling Water

mg/off-kg (lb/million off-lbs) of nickel-cobalt
rolled with water

Pollutant or
pollutant property

Pollutant or
pollutant property



1833

There shall be no 'discharg~ of process wastewater
pollutants.

There shall be no discharge of process wastewater
poJ,lutants.

.008

.. 014

.058

.012

.035

.040
2.520

Maximum for
monthly average

.019

.035

.122

.027

.053

.097
5.680

Maximum for
.any one day

Cadmium
*Chromiurn

Copper
Lead

*Nickel
Zinc

*F1uoride

BAT
Nickel~Cobalt Forming
Extrusion Spent Lubricants

There shall be no d.ischarge~of process wastewater
:;::;ollutants.

Table X-29 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
BAT EFFLUENT "LIMITATIONS

mg/off-kg (lb!million off-lb·s) of nickel-cobalt
drawn with emulsions

BAT
Nickel-Cobalt Forming
Drawing Spent Emulsions

3AT
~ickel-Cobalt Forming
Tube Reducing Spent Lubricants

Pollutant or
pollutant property.

SAT
Nickel-Cobalt Forming
Drawing Spent Neat Oils



1834

Table X~29 (Continued)

.007

.013

.051

.011

.031

.035
2.200

.0~9

.035

.142

.030

.086

.098
6.l30

Maxim~m for
monthly average

Maximum for
monthly average

.017

.031

.107

.023

.046

.085
4.950

.046

.086

.297

.065

.128

.237
13.800

Maximum for
any one· day

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

mg/off-kg (lb/mil1ion off-lps) of nickel-cobalt
heat treated

Cadmium
*Chromium
Copper
Lead

*Nickel
3inc

*Fluoride

Pollutant or
pollutant property

NICKEL-COBALT :ORMING SUBCATEGORY
gAT E?FLUE~~ LIMITATIONS

BAT
Nickel-Cobalt Forming
Extrusion Pres~ or Solution Heat Treatment CCW

mg/off-kg (lb/millton off-lbs) of nickel-cobalt
extruded

BAT
Nickel-Cobalt Formiriq
Extrusion Press Hydrq~lic Fluid Lea~age

BAT
Nickel-Cobalt Forming
Forging Spent Lubri~~nts

There shall be no d~scharge of process wastewater
pollutants.

Pollutant or
pollutant property



Table X-29 (Continued)

,NICKEL-COBALT FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

mg/off~kg (lb/million off-lbs) of forged nickel-cobalt
cooled' with water

.004

.007

.029

.006

.018

.020
1. 250

.0003

.0006

.0024
'. 'ODDS
.0015
.0017
.1060

Maximum for
monthly average

Maximum for
monthly average

1835

.009

.018

.061
·913
.026
.048

2.820

.0008

.0015

.0051

.0011

.0022

.0041

.2380

Maximum for
anyone day

Maximum for
anyone oday

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

BJl..T
Nickel-Cobalt Forming
Forging Contact Cooling Water

BAT
Nickel-Cobalt Forming
Forging Equipment Cleaning Wastewa,ter

mg/off-kg (lb/million off-lbs) of nickel-cobalt
forged

Pollutant or
pollutant property

Pollutant or
pollutant property



Table X-29 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.015

.028

.114

.024

.069

.079
4.940

.210

.393
1.600

.341

.970
1.100

69.200

Maximum for
monthly average

Maximum for
monthly average

.037

.069

.240

.052

.103

.191
11.100

1836

.524

.970
3.360

.734
1. 440
2.670

156.000

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

mg/off-kg (lb/million off-lbs) of nickel-cobalt
forged

mg/off-kg (lb/million off-lbs) of nickel-cobalt
metal powder atomized

BAT
Nickel-Cobalt Forming
Forging Press Hydraulic Fluid Leakage

Pollutant or
pollutant property

BAT
Nickel-Cobalt Forming
Metal Powder Production Atomization Wastewater

Pollutant or
pollutant property



1837

Table X-29 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.097

.182

.738

.158

.448

.508
32.000

Maximum for
monthly average

.242

.448
1.550

.339

.666
1. 240

72.000

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

There shall be no allowance for the discharge of
process wastewater pollutants.

There shall be no allowance for the discharge of
process wastewater pollutants.

BAT
Nickel-Cobalt Forming
Stationary Casting Contact Cooling Water

BAT
Nickel-Cobalt Forming
Annealing and Solution Heat Treatment Contact Cooling Water

mg/off-kg (lb/million off-lbs) of nickel-cobalt
cast with stationary casting methods

BAT
Nickel-Cobalt Forming
Vacuum Melting Steam Condensate

Pollutant or
pollutant property



Table X-29 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.075

.140

.571

.122

.346

.393
24.700

.189

.354
1. 440

.307

.873

.991
62.300

Maximum for
monthly average

Maximum for
monthly average

.187

.346
1.200

.262

.514

.954
55.700

1838

.472

.873
3.020

.661
1. 300
2.410

141.000

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

Cadmium
*Chromiurn

Copper
Lead

*Nickel
Zinc

*Fluoride

BAT
Nickel-Cobalt Forming
Surface Treatment Spent Baths

Pollu-tant or
pollutant property

mg/off-kg (lb/million off-lbs) of nickel-cobalt
surface treated

mg/off-kg (lb/million off-lbs) of nickel-cobalt
surface treated

BAT
Nickel-Cobalt Forming
Surface Treatment Rinse

Pollutant or
pollutant property



Table X-29 (Continued),

NICKEL-COBALT FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of nickel-cobalt
treated wit~ ammonia solution

mg/off-kg (lb/million off-lbs) of nickel-cobalt
alkaline cleaned

.001

.002

.009

.002

.005

.006

.391

.003

.005

.021

.004

.013

.014

.895

Maximum for
monthly average

Maximum for
monthly average

.003

.005

.019

.004

.008

.015

.881

1839

.007

.013

.043

.009

.019

.035
2.020

~1aximum for
anyone day

Maximum fen
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*F1uoride

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

Pollutar:.t or
pollutant property

BAT
Nickel-Cobalt Forming
Alkaline Cleaning Spent Baths

BAT
Nickel-Cc~al~ rorming
p...rnmon i a Hi r:3 e

Pollutant or
pollutant property



Table X-29 (Conti~ued)

NICKEL-COBALT FO?~ING SUBCATEGORY
BAT EFFLUENT LIMIT~TIONS

.019

.035

.142

.030

.086

.098
6.150

.068

.127

.515

.110

.312

.355
22.300

Maximum for
;nonthly average

-Maximum for
monthly average

1840

.169

.312
1.080

.237

.464

.861
5'0.200

.047

.086

.298

.065

.128

.238
13.900

Maximum fer
anyone day

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

?oll';ltant or
pollutant property

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc
*~luoride

mg/off-kg (lbjmillion off-lbs) of nic~el-cobalt

a:ka':ine cleaned

3AT
Nickel-Cobalt Forming
Alkaline Cleaning Rinse

mg/off-kg (lbjmillion off-lbs} of nic~el-cobalt

treated with molten salt

BAT
Nickel-Cobalt Forming
Molten Salt Rinse

Pollutant or
pollutant property



1841

mg!off-kg (lb/million off-lbs) of sawed or ground
nickel-cobalt rinsed

TableX-29 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.003

.006

.024

.005

.015

.017
1..040

Maximum 'for
monthly average

:-1aximllm for
monthly average

.008

.015

.051

.011

.022

.040
2.350

Maximum for
anyone day'

Maximum for
anyone day

Cadmium .036 .015
*Chromium .067 .027

Copper .232 .111
Lead .051 .024

*Nickel .100 .067
Zinc .185 .076 ' .

*Fluoride 10.800 4.780

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

BAT
Nickel-Cobalt Forming
Sawing or Grinding Rinse

BAT
Nickel-Cobalt Forming
Sawing or Grinding Spent Emulsions

Pollutant or
pollutant property

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of nickel-cobalt
sawed or ground with emulsions



Table X-29 (Continued)

NICKE~-COBALT FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.002

.005

.018

.004

.011

.013

.7~5

.017

.032

.130

.028

.079

.·090
5.630

Maximum for
monthly average

Maximum for
monthly average

.006

.011

.039

.008

.017

.031
1.790

1842

.043

.079

.273

.060

.117

.217
12.700

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

Pollutant or
pollutant property

BAT
Nickel-Cobalt Forming
Stearn Cleaning Condensate

rng/ofE-kg (lb/million off-lbs) of nickel-cobalt
stearn cleaned

mg!off-kg (lb/millionoff-lbs) of nickel-~obalt
tested with dye pen~trant methods

Pollutant. or
pollutant property

BAT
Nickel-Cobalt Formi~g

Dye Penetrant Testing Wastewater

BAT ,
Nickel-Cobalt Forming
Hydrostatic Tube Testing and Ultrasonic Testing Wastewater

There shall be no allowance for the discharge Qf
process wastew4ter pollutants.:



Table X-29 (continued)

NICKEL~COBALT FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

BAT
Nickel-Cobalt Forming
oegreasing Spent Sclvents

There sr.all be no discharge of process wastewater
pollutan-cs.

mg/off-kg (lb/million off-lbs) of nickel-cobalt
formed

.020

.037

.150

.032

.091

.104
6.500

.065

.122

.494

.106

.300

.340
21. 400

Maximum for
monthly average

Maximum for
monthly average

1843

.162

.300
1. 040

.227

.446·

.826
48.200

.049

.091

.315
•. 069
.136
.251

14.700

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

BAT
Nickel-CGbGl~ F~=ming

Miscella~eous Wastewater Sources

mg/off-kg (lb/million off-lbs) of nickel-cobalt
formed

BAT
Nickel-Cobalt Forming
Wet Air Pollution Control Blowdown

Pollutant or
pollutant prcperty

Pollutant or
pollutant property



Table X-29 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
BAT EFFLUENT LIMI~ATIONS

.270

.506
2.060

.438
1. 250
1. 420

89.000

1844

.674
1. 250
4.320

.944
1.860
3.440

201. 000

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

BAT
~icke:-Cobclt Forming
Electr~coa~ing Rinse

mg/of~-kg :lb/million 6ff-~bs) of nickel-cobalt
electrocoated

=--=-=-----.------~:____r_--~--.-~:____r_--_::_---Pollutant O~ Maximum for Maximum for
polluta~t property anyone day month1y average



Table X-3D

BAT REGULATORY FLOWS FOR THE
PRODUCTION OPERATIONS - PRECIOUS METALS FORMING SUBCATEGORY

Normalized
BAT Discharge

Ope rat i on

Roll ing

Drawing

Metal Powder Production

Casting

Direct Chill Casting

Shot Casting

Stationary Casting

Semi-Continuous and
Continuous Casting

Heat Treatment

Surface Treatment

Alkaline Cleaning

Waste" Stream l/kkg ga I/ton

Spent neat oi 1s 0 0

Spent emulsions 77.1 18.5

Spent neat oi Is 0 0

Spent emulsions 47.5 11.4

Spent soap ,;,olutions 3.12 0.748

Atomization wastewater 6,680 1.600

Contact coo ling water 1,080 259

Contact coo ling water 367 88.0

Contact cooling water 0 0

Contact coo ling water 1.030 248

Contact cpo 1ing water 417 100

Spent baths 96.3 23.1

Rinsewater 616 148

Spent baths 60.0 14.4

Production Normalizing
Parameter

Mass of precious metals rolled
with emulsions

Ma~s of precious metals drawn
with emulsions

Mass of precious metals drawn
with soap solutions

Ma"ss of precious metals powder
produced by wet atomization

Mass c~ precious metals cast
by the direct chi1 I method

Mass of precious me.tals shot
cast

Mass of precious metals cast
by the sem{-continu~v~ or
continuous method

Mass of i~truded precious
metals heat treated

Mass of pre~ious metals
surface treated

Mass of precious metals
S,ur"face treated

Mass of precious metal~

alkaline cleaned



Table X-30 (Continued)

BAT REGULATORY FLOWS FOR THE
PRODUCTION OPERATIONS - PRECIOUS METALS FORMING SUBCATEGORY

Normalized
BAT Discharge

Operation

Alkaline Cleaning

Tumbling or ~urnlshln9

Sawing or Grind;ng

Pressure Bonding

Waste Stream I/kkg gal/ton

Rlnsewater 1,120 269

Prebondlng wastewater 1,160 277

Wastewater- 1..2Ht 291

Spent neat 0; -I s 0 0

Spent emulsions 93.4 22.4

C.ontact cooling wa t-er 83.5 20.0

Production Normallz;ng
Parameter

Mass of precious metals
alkaline cleaned

Mass of precious metal and
base metal cleaned prior to
bonding

Mass of precious metals·
tumbled or burn;shed w;th
water-based media

Mass of precious metals sawed
or ground with emulsions

Mass of precious metal and
base metal pressure bonded
and subsequently cooled with
water

Degreasing

Wet Air Pollution Control

Spent solvents

Blo.wdown

o

o

o

o



1847

TabLe X-31

.012

.014

.077

.009

.015

.098

.013

.047

Maximum for
monthly average

.026

.034

.147

.022

.032

.148

.032

.113

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

There shall be no discharge of process wastewater
pollutants.

PRECIOUS METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of precious metals
rolled with emulsions

BAT
Precious Metals Forming
Rolling Spent Neat Oils

Pollutant or
pollutant property

BAT
Precious Metals Forming
Rolling Spent Emulsions

BAT
Precious Metals Forming
Drawing Spent Neat Oils



Table X-31 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.007

.009

.048

.006

.010

.060

.008

.029

.0005

.0006

.0031

.0004

.0006

.0040

.0005

.0019

Maximum Eor
monthly average

Maximum for
monthly average

.016

.021

.090

.014

.020

.091

.020

.069

1848

.0011

.0014

.0059

.0009

.0013

.0060

.0013

.0046

Maximum Eor
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
zinc

mg/oEE-kg (lb/million oEf-lbs) of precious metals
drawn with emulsions

Pollutant or
pollutant property

BAT
Precious Metals Forming
Drawing Spent Emulsions

mg/off-kg (lb/million off-lbs) of precious metals
drawn with soap solutions

Pollutant or
pollutant property

BAT
Precious Metals Forming
Drawing Spent Soap Solutions



Table X-31 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

mg/off-kg (lb/million oEf-lbs) of precious metals
powder wet atomized

1.000
1. 200
6.680

.802
1. 340
8.490
1.140
4.080

.162

.195
1.080

.130

.216
1.370

.184

.659

Maximum for
monthly average

Maximum for
monthly average

1849

.367

.475
2.050

.313

.454
2.080

.443
1.580

2.270
2.940

12.700
1. 940 .
2.810

12.800
2.740
9.750

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

BAT
Precious Metals Forming
Metal Powder Production Atomization Wastewater

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of precious metals
cast by the direct chill method

BAT
Precious Metals Forming
Direct Chill Casting Contact Cooling Water

Pollutant or
pollutant property



Table X-31 (Continued)

.055

.066

.367

.044

.073

.466

.062

.224

.155

.186
1. 030

.124

.206
1. 310

.175

.629

Maximum for
monthly average

Maximum for
monthly average

.125

.162

.698

.107

.154

.705

.151

.536

.1850

.350

.453
1. 960

.299

.433
1. 980

.423
1. 510

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

There shall be no discharge of process wastewater
pollutants.

BAT
Precious Metals Forming
Shot Casting Contact Cooling Water

Pollutant or
pollutant property

PRECIOUS METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

mg/off-kg (lb/million off-lbs) of precious metals
shot cast

mg/off-kg (lb/million off-lbs) of precious metals cast
by the semi-continuous or continuous method

BAT
Precious Metals Forming
Stationary casting Contact Cooling Water

Pollutant or
pollutant property

BAT
Precious Metals Forming
Semi-Continuous and Continuous Casting CCW



Table X-31 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of extruded precious
metals heat treated

.063

.075

.417

.050

.083

.530

.071

.255

.. 015
.017
.096
.012
.019
.123
.016
.059

Maximum for
monthly average

Maximum. for
monthly average

1851

.142

.184

.793

.121

.175

.801

.171

.609

.033

.042

.183

.028

.041

.185

.040

.141

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

mg/off-kg (lb/mi11ion off-lbs) of precious metals
surface treated

Pollutant or
pollutant property

BAT
Precious Metals Forming
Surface Treatment Spent. Baths

BAT
Precious Metals Forming
Heat Treatment Contact Cooling Water

Pollutant or
'pollutant property



Table X-31 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.092

.111

.616

.074

.123

.783

.105

.376

.009

.011

.060

.007

.012

.076

.010

.037

Maximum for
monthly average

Maximum for
monthly average

1852

.020

.026

.114

.017

.025

.115

.025

.088

.210

.271
1.170

.179

.259
1.180

.253

.900

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

BAT
Precious Metals Forming
Surface Treatment Rinse

mg/off-kg (lb/million off-lbs) of precious metals
surface treated

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of precious metals
alkaline cleaned

Pollutant or
pollutant property

BAT
Precious Metals Forming
Alkaline Cleaning Spent Baths



Table X-3l (Continued)

mg/off-kg (lb/million off-1bs) of precious metals
alkaline cleaned

PRECIOUS METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.. 168

.202
1.120

.135

.224
1. 420

.191
.• 683

.174

.209
1.160

.139

.232
1. 480

.197

.708

Naximum for
monthly average

Maximum for
monthly average

1853

.381

.493
2.130

.325

.471 .
2.150

.459
1.640

.395

.511
2.210

.337

.487
2.230

.476
1. 700

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
zinc

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

BAT
Precious Metals Forming
Alkaline Cleaning Rinse

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of precious metals and
base metal cleaned prior to bonding

BAT
Precious Metals Forming
Alkaline Cleaning Prebonding Wastewater

Pollutant or
pollutant property



Table X-31 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.014
,.017
.093
.011
.019
.119
.016
.057

.182

.218
1. 210

.145

.242
1. 540

.206

.738

Maximum for
monthly average

Maximum for
monthly average

1854

.032

.041

.178

.027

.039

.180

.038

.137

.412

.533
2.300

.351

.508
2.330
.~96

1.770

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

mg/off-kg (lb/million off-lbs) of precious metals
tumbled or burnished

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

There shall be no discharge of process wastewater
pollutants.

Pollutant or
pollutant property

BAT
Precious Metals Forming
Tumbling or Burnishing Wastewater

BAT
Precious Metals Forming
Sawing or Grinding Spent Neat Oils

mg/off-kg (lb/million off-lbs) of precious metals
sawed or ground with emulsions

BAT
Precious Metals Forming
Sawing or Grinding Spent Emulsions

Pollutant or
pollutant property



.1855

Table X-31 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS.

.013

.01.5
~084

.010

.017

.106

.014

.051

Maximum for
monthly average

.028

.037

.159

.024

.035

.161

.034

.122

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

There shall be no discharge of process wastewater
pollutants.

BAT
Precious Metals Forming
Wet Air Pollution Control Blowdown

mg/off-kg (lb/million off-lbs) of precious metals and
base metal pressure bonded

BAT
Precious Metals Forming
Degreasing Spent Solvents

There shall be no discharge of process wastewater
pollutants.

BAT
Precious Metals Forming
Pressure Bonding Contact Cooling ~ater

Pollutant or .
pollutant property



Table X-32

BAT REGULATORY FLOWS FOR THE
PRODUCTION OPERATIONS - REFRACTORY METALS FORMING SUBCATEGORY

Normalized
BAT Discharge

.....
CO
U1
0\

Operation

Roll ing

Drawing

Extrusi,n

Forg ing

Metal Powder Production

Metal Powder Pressing

Surface Treatment

Alkaline Cleaning

Molten Salt

Tumbling or Burnishing

Waste Stream I/kkg gal/ton

Spent neat oi Is and graphite- 0 0
based lubricants

Spent emulsions 429 103

Spent lubricants 0 0

Spent lubricants 0 0

Press hydraul i c fluid leakage 1,190 285

Spent lUbricants 0 0

Contact cooling water 32.3 7.75

Wastewater 281 67.3

rloor wash water 0 0

Spent lUbricants 0 0

Spent baths 389 93.3

Rinsewater 12,100 2,910

Spent baths 334 80.2

Rinsewater 8,160 1,960

Rinsewater 633 152

Wastewater 1,250 300

Production Normalizing
Parameter

Mass of refractory metals
rolled with emulsions

Mass of refractory metals
extruded

Mass of forged refractory
metals cooled with water

Mass of refractory metals
powder produced using water

Mass of refractory metals
s.urface treated

Mass of refractory metals
surface treated

Mass pf refractory metals
alkaline cleaned

Mass of refractory metals
a 1ka 1i ne. cleaned

Mass of refractory metals
treated.with molten salt

Mass of refractory metals
tumbled or burnished with
water-based media



Table X-32 (Continued)

BAT R~GULATORY FLOWS FOR THE
PRODUCTION OPERATIONS - REFRACTORY METALS FORMING SUBCATEGORY

Operation

Sawing or Grinding

Dye Penetrant Testing

Equipment Cleanin9

Miscellaneous Wastewater
Sources

Degreasing

Wet Air Pollution Control

Waste Stream

Spen t neat 0 i Is

Spent f,lmulsions

Contact cooling water

Rinsewater

Wastewater

Wastewater

Various

Spent solvents

Blowdown

Normalized
BAT Discharge

l/kkg gal/ton

0 0

297 71.1

2,430 582

13.5 3.25

77.6 . 18.6

136 3.2.6

345 83.0

0 0

787 189

Production Normalizing
Parameter

Mass of refractory metals
sawed or grou~d with emulsions

Mass of refractory metals
sawed or ground with contact
cooling water

Mass of refractory metals
sawed or ground and subse­
quently rinsed

Mass of refractory metals
tested with dye penetrant
methods

Mass of refractory metals
formed on equipment requiring
cleaning with water

Mass of refractory metals
for'med

Mass of refractbry metals
sawed, ground, surface coated
or surface treated



Table X-33

1858

Maximum for
monthly average

Maximum for
anyone day

Chromium .159 .064
*Copper .549 .262

Lead .120 .056
*Nickel .236 .159
Silver .125 .052
Zinc .438 .180
Columbium .052

*Fluoride 25.500 11.300
*Molybdenum 2.160 .957
Tantalum .193 ---
Vanadium .043 ---
Tungsten 1.490 .665

There shall· be no disQharge of process wastewater
pollutants.

BAT
Refractory Metals Forming
Rolling Spent Emulsions

REFRACTORY METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

BAT
Refractory Metals Fotming
Rolling Spent Neat Oils and Graphite-Based Lubricants

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of refractory metals
rolled with emulsions

Pollutant or
pollutant property

BAT
Refractory Metals forming
Drawing Spent Lub!lcants

There shall be no discharge of process wastewater
pollutants.

BAT
Refractory Metals Fotming
Extrusion Spent L~Pricants



1859

Table X-33 (Continued)

Maximum for
monthly average

Maximum for
anyone day

Chromium .441 .179
*Copper 1. 530 .726

Lead .333 .155
*Nickel .655 .441
Silver .345 .143
Zinc 1.220 .500
Columbium .143

*Fluoride 70.800 31.400
*Molybdenum 5.990 2.660
Tantalum .536
Vanadium .119
Tungsten 4.140 1. 850

REFRACTORY METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of refractory metals
extruded

BAT
Refractory Metals Forming
Extrusion Press Hydraulic Fluid Leakage

Pollutant or
pollutant property

BAT
Refractory Metals Forming
Forging Spent Lubricants

There shall be no discharge of process wastewater
pollutants.



1860

Maximum for
monthly average

Maximum for
monthly average

Maximum for
anyone day

Maximum for
anyone day

REFRACTORY METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

Table X-33 (Continued)

Chromium .104 .042
*Copper .360 .172

Lead .079 .037
*Nickel .155 .104
Silver .082 .034
Zinc .287 .118
Columbium .034

*Fluoride 16.700 7.420
*Molybdenum 1. 420 .627
Tantalum .127
Vanadium .028
Tungsten .978 .436

Chromium .0.12 .005
*Copper .041 .020

Lead .009 .004
*Nickel .018 .012
Silver .009 .004
Zinc .033 .014
Columbium .004

*Fluoride 1. 920 .853
*Molybdenum .163 .072
Tantalum .015
Vanadium .003
Tungsten .113 .050

BAT
Refractory Metals Forming
Forging Contact Cooling Water

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of forged refractory
metals cooled with water

mg/off-kg (lb/million off-lbs) of refractory metals
powder produced

BAT
Refractory Metals Forming
Metal Powder Production Wastewater

Pollutant or
pollutant property



1861

Table X-33 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

Maximum for
monthly average

Maximum for
anyone day

Chromium .144 .058
*Copper .498 .237

Lead .109 .051
*Nickel .214 .144
Silver .113 .047
Zinc .397 .164
Columbium ·.047

*Fluoride 23.200 10.300
*Molybdenum 1. 960 .868
Tantalum .175
Vanadium .039
Tungsten 1. 360 .603

There shall be no disch~rge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

BAT
Refractory Metals Forming
Metal Powder Pressing Spent Lubricants

BAT
Refractory Metals Forming
Metal Powder Production Floor Wash Water

mgjoff-kg (lb/million off-lbs) of reftactory metals
surface treated

Pollutant or
pollutant property

BAT
Refractory Metals Forming
Surface Treatment Spent Baths



1862

Table X-33 (Continued)

Maximum for
monthly average

Maximum for
monthly average

Maximum for
anyone day

Maximum for
anyone day

Chromium 4.480 1. 820
*Copper 15.500 7.380

Lead 3.390 1.580
*Nickel 6.660 4.480
Silver 3.510 1. 450
Zinc 12.400 5.080
Columbium 1. 450

*Fluoride 720.000 320.000
*Molybdenum 60.900 27.000
Tantalum 5.450
Vanadium 1. 210
Tungsten 42.100 18.800

REFRACTORY METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

Chromium .124 .050
*Copper .428 .204

Lead .094 .043
*Nickel .184 .124
Silver .097 .040
Zinc .341 .140
Columbium .040

*Fluoride 19.900 8.820
*Molybdenum 1. 680 .745
Tantalum .151
Vanadium .033
Tungsten 1.160 .518

BAT
Refractory Metals Forming
Surface Treatment Rinse

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of refractory-metals--­
surface treated

BAT
Refractory Metals Forming
Alkaline Cleaning Spent Baths

Pollutant or
pollutant property

mg/off-kg (lb/million off-1bs) of refractory metals
alkaline cleaned



1863

Table X-33 (Continued)

mg/off-kg (lb/million off-lbs) of refractory metals
treated with molten salt

12.700'

1. 230
4.980
1.060
3.020

.979
3.430

216'.000
18.200

Maximum for
month.ly average

Maximum for
monthly average

3.020
10.500

2.290
4.490
2.370
8.330

.979
486.000

41.100
3.670

.816
'28.400

Maximum for
anyone day

Maximum for
anyone day

Chromium .234 .095
*Copper .810 .386

Lead .177 .082
*Nickel .348 .234
Silver .184 .076
Zinc .646 .266
Columbium .076

*Fluoride 37.700 16.700
*Molybdenum 3.190 1. 410
Tantalum .285
Vanadium .063
Tungsten 2.200 .981

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
T·.:ngsten

REFRACTORY METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

Pollutant or
pollutant property

BAT
Refractory Metals Forming
Molten Salt Rinse

mg/off-kg (lb/million off-lbs) of refractory metals
alkaline cleaned

Pollutant or
pollutant property

3AT
Refractory Metals Forming
Alkaline Cleaning Rinse



mg/off-kg (lb/million off-lbs) of refractory metals
tumbled or burnished

There shall be no discharge of process wastewater
pollutants.

Maximum for
monthly, average

Maximum for
anyone day

1864

Table X-33 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

Chromium .463 .188
*Copper 1. 600 .763

Lead .350 .163
*Nickel .688 .463
Silver .363 .150
Zinc 1.280 .525
Columbium .150

*Fluoride 74.400 33.000
*Molybdenum 6.290 2.790
Tantalum .563
Vanadium .125
Tungsten 4.350 1 .• 940

Pollutant or
pollutant property

BAT
Refractory Metals Forming
Tumbling or Burnishing Wastewater

BAT
Refractory Metals Forming
Sawing or Grinding Spent Neat Oils



Table X-33 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

mg/off-kg (lbjmillion off-lbs) of refractory metals
sawed or ground with contact cooling water

3.770

.365
1.480

.316

.899

.292
1. 020

64.200
5.. 420

Maximum for
monthly average

Maximum for
monthly average

1865

'.899
3.110

.681
1.340

.705
2.480

.292
145.000

12.200
1.100

.243
8.460

Maximum for
anyone day

Maximum for
anyone day

Chromium .110 .045
*Copper .380 .181

Lead .083 .039
*Nickel .164 .110
Silver .086 .036
Zinc .303 .125
Columbium .036

*Fluoride 17.700 7.840
*Molybdenum 1. 500 .663
Tantalum .134
Vanadium .030
Tungsten 1.040 .461

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

BAT
Refractory Metals Forming
Sawing or Grinding Spent Emulsions

mg/off-kg (lb/millicn off-lbs) of refractori metals
sawed or ground with emulsions

Pollutant or
pollutant property

BAT
Refractory Metals Forming
Sawing or Grinding Contact Cooling Water

Pollutant or
pollutant property



1866

Table X-33 (Continueo)

Maximt..;m for
monthly average

Maximum for
monthly average

Maximum for
anyone day

Maximum for
anyone day

REFRACTORY METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

Chromium .029 .012
*Copper .099 .047

Lead .022 .010
*Nickel .043 .D29
Silver .023 .009
Zinc .079 .033
Columbium .009

*Fluoride 4.620 2.050
*Molybdenum .391 .173
Tantalum .035
Vanadium .008
Tungsten .270 .120

Chromium .005 .002
*Copper .017 .008

Lead .004 .002
*Nickel .007 .005
Silver .004 .002
Zinc .014 .006
Columbium .002

*Fluoride .803 .357
*Molybdenum .068 .030
Tantalum .006
Vanadium .0,01
Tungsten .047 .021

BAT
Refractory Metals Forming
Sawing or Grinding Rinse

mg/oEf-kg (lb/million off-lbs) of sawed or ground
refractory metals rinsed

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of refractory metals
tested with dye penetrant methods

BAT
Refractory Metals Forming
Dye Penetrant Testing Wastewater

Pollutant or
pollutant property



1867

Table X-33 (Continued)

mg/off-kg (lb/million off-lbs) of refractory metals
formed

Maximum for
monthly average

Maximum for
monthly average

Maximum for
anyone day

Maximum for
anyone day

Chromium .128 .052
*Copper .442 .211

Lead .097 .045
*Nickel .190 .128
Silver .100 .041
Zinc .352 .145
Columbium .041

*Fluoride 20.500 9.110
*Molybdenum 1. 740 .770
Tantalum .155
Vanadium .035
Tungsten 1.200 .535

Chromium .050 .020
*Copper .174 .083

Lead .038 .018
*Nickel .. 075 .050
Silver .040 .016
Zinc .139 .057
Co1umbium .016

*Fluoride 8.090 3.590
*Molybdenum .684 .303
Tantalum .061
Vanadium .014
Tungsten .473 .211

REFRACTORY METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of refractory metals
formed

BAT
Refractory Metals Forming
Equipment Cleaning Wastewater

Pollutant or
pollutant property

BAT
Refractory Metals Forming
Miscellaneous Wastewater Sources



Table X-33 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

Maximum for
monthly average

Maximum for
anyone day

Chromium .291 .118
*Copper 1. 010 .480

Lead .221 .103
*Nickel .433 .29~

Silver .228 .095
Zinc .803 .331
Columbium .095

*Fluoride 46.800 20.800
*Molybdenum 3.960 1. 760
Tantalum .354
Vanadium .079
Tungsten 2.740 1. 220

There shall be no discharge of process wastewater
pollutants.

1868

BAT
Refractory Metals Forming
Degreasing Spent Solvents

mg/off-kg (lb/million off-lbs) of refractory metals
formed

BAT
Refractory Metals Forming
Wet Air Pollution Control Blowdown

Pollutant or
pollutant property



Operation

Roll ing

Drawing

Extrusion

Forging

Tube Reducing

Heat Treatment

Surface Treatment

Alkaline Cleaning

Molten Salt

Tumbl ing

Table X-34

BAT REGULATORY FLOWS FOR THE
PRODUCTION OPERATIONS - TITANIUM FORMING SUBCATEGORY

Normalized
BAT Discharge

Waste Stream I/kkg gal/ton

Spent neat oi Is 0 0

Contact cool ing water 488 117

Spent neat oils 0 0

Spent neat oi Is 0 0

Spent emulsions 71.9 17.2

Press hydraulic fluid leakage 178 42.8

Spent lubricants 0 0

Contact coo 1 i ng water 99.9 24.0

Equipment cleaning wastewater 40.0 9.60

Press hydraulic fluid leakage 1,010 242

Spent lubricants 0 0

Contact cooling water 0 0

Spent baths 208 49.9

Rinsewater 2,920 700

Spent baths 240 57.5

Rinsewater 276 66.3

Rinsewater 955 229

Wastewater 79.0 18.9

Production Normalizing
Parameter

Mass of titanium rolled with
contact cooling water

Mass of titanium extruded with
emulsions

Mass of titanium extruded

Mass of forged titanium cooled
with water

Mass of titanium forged on
equipment requiring cleaning
with water

Mass of titanium forged

Mass of titanium surface
treated

Mass of titanium surface
treated

Mass of titanium alkaline
cleaned

Mass of titanium alkaline
cleaned

Mass of titanium treated with
molten salt

Mass of titanium tumbled with



water-based media

Table X-34 (Continued)

BAT REGULATORY FLOWS FOR THE
PRODUCTION OPERATIONS - TITANIUM FORMING SUBCATEGORY

Normalized
BAT Discharge

I-'
CD
--J
o

Operation

Sawing or Grinding

Dye Penetrant Testing

Hydrotesting

Miscellaneous Wastewater
Sources

Degreasing

Wet Air Pollution Control

Waste Stream l/kkg gal/ton

Spent neat oi Is 0 0

Spent emu1slons 183 43.8

Contact cooling water 476 114

Wastewater 1,120 268

Wastewater 0 0

Various 32.4 7.77

Spent solvents 0 0

Blowdown 214 51.4

Production Normalizing
Parameter

Mass of titanium sawed or
ground with an emulsion

Mass of titanium sawed or
ground with contact cooling
water

Mass of titanium tested with
dye penetrant methods

Mass of titanium formed

Mass of titanium surface
treated or forged
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Table X-35

TITANIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.088

.488

.059

.098

.620

.298
28.600
12.900

.200

Maximum for
monthly average

.215

.927

.142

.205

.937

.713
65.100
29.100

.459

Maximum for
anyone d;ay

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*F1uoride
Titanium

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

~here shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of titanium
rolled with contact cooling water

BA~

Titanium Forming
Rolling .Spent Neat Oils

BAT
Titanium Forming
Rolling Contact Cooling Water

BAT
Titanium Forming
Extrusion Spent Neat Oils

Pollu~ant or
pollutant property

BAT
Titanium Forming
Drawing Spent Neat Oils



Table X-35 (Continued)

TITANIUM FORMING SUBCATEGORY
BAT E2FLUENT LIMITATIONS

.013

.072

.009

.014

.091

.044
4.220
1.900

.030

.032

.178

.021

.036

.226

.109
10.500

4.700
.073

Maximum for
monthly average

Maximum for
monthly average

.032

.137

.0'21

.030

.138

.105
9.590
4.280

.068

1872

.078

.338

.052

.075

.342

.260
23.700
10.600

.168

Maximum for
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of titanium
extruded with emulsions

BAT
Titanium Fo:-ming
Extrusion Spent Emulsions

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Anunonia
*Fluoride
Titanium

BAT
Titanium Forming
Extrusion Press Hydraulic Fluid Leakage

mg/off-kg (lb/million off-lbs) of titanium
extruded

Pollutant or
pollutant property



Table X-35 (Continued)

mg/off-kg (lb/million of£-lbs) of forged titanium
cooled with water

TITANIUM FORM:~G SUBCATEGORY
BAT EFFLUE~~ LIMITATIONS

.018

.100

.012

.020

.127

.061
5.860
2.640

.041

Maximum for
monthly average

1873

.044

.190

.029

.042

.192

.146
13.300

5.950
·.094

Maximum for
anyone day

There shall be no discharge of process wastewater
pollutants.

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

Pollutant or
pollutant property

BAT
Titanium Forming
Forging Spent Lubricants

BAT
Titanium Forming
Forging Contact Cooling Water



Table X-35 (Continued)

TITANIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.007

.040

.005

.008

.051

.024
2.350
1. 060

.016

.182
1. 010

.121

.202
1. 280

.616
59.200
26.700

.414

Maximum for
monthly average

Maximum for
monthly average

.018

.076

.012

.017

.077

.058
5.330
2.380

.038

1874

.445
1. 920

.293

.424
1. 940
1. 4.80

135.000
60.100

.950

Maximum for
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

Pollutant or
pollutant property

mg/off-kg .( Ib/million off-lbs) of titanium
forged

BAT
Titanium Forming
Forging Equipment Cleaning Wastewater

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

mg/off-kg (lb/mi1lion off-1bs) of titanium
forged

Pollutant or
pollutant property

BAT
Titanium Forming
Forging Press Hydraulic Fluid Leakage



Table X-35 (Continued)

TITANIUM FORMING SU3CATEGORY
BAT EFFLUENT LIM:TATIONS

.038

.208

.025

.042

.264

.127
12.200

5.490
.085

Maximum for
monthly average

1875

.092

.395

.060

.087

.400

.304
27.700
12.400

.196

Maximum for
anyone day

Chromium·
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Anunonia
*Fluoride
Titanium

There ~hall be no discharge of process wastewater
pollutants.

There shall be no allowance for the jischarge of
process wastewater pollutants.

BAT
Titanium Forming
Heat Treatment Contact Coo!ing Water

BAT
Titanium Forming
Surface Treatment Spent Baths

Pollutant or
pollutant property

BAT
Titanium Forming
Tube Reducing Spent Lubricants

mg!off-kg (lb!million off-lbs) of titaniu~
surface treated



Table X-35 (Continued)

TITANIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

mg/off-kg (1b/mil1ion off-lbs) of titanium
surface treated

mg/off-kg (lb/million off-lbs) of titanium
alkaline cleaned

.043

.240

.029

.048

.305

.147
14.100

6.340
.098

.526
2.920

.351

.584
3.710
1. 780

171.000
77.100
1. 200

Maximum for
monthly average

Maximum for
monthly average

. 1876

.106

.456

.070

.101

.461

.351
32.000
14.300

.226

1. 290
5.550

.847
1. 230
5.610·
4.270

389.000
174.000

2.750

Maximum for
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

BAT
Titanium Forming
Surface Treatment Rinse

Pollutant or
pollutant property

BAT
Titanium Forming
Alkaline Cleaning Spent Baths

Pollutant or
pollutant property



Table X-35 (Continued)

TITANIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

mg!off-kg (lb/mil1ion off-lbs) of titanium
treated with molten salt

.172

.955

.115

.191
1. 210

.583
56.000
25.200

.392

.050

.276

.033

.055

.351

.169
16.200

7.290
.113

Maximum for
monthly average

Maximum for
monthly average

.122

.525

.080

.116

.530
A03

36.800
16.400

.260

1877

.420
1.820

.277

.401
1.840
1. 400

128.000
56.800

.898

Maximum Eor
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*F1uoride
Titanium

mg!off-kg (lb/million off-lbs) of titanium
alkaline cleaned

BAT
Titanium Forming
Molten Salt Rinse

Pollutant or
pollutant property

Pollutant or
pollutant property

BAT
Titanium Forming
Alkaline Cleaning Rinse



1878

Table X-35 (Continued)

.014

.079

.009
•.016
.101
.048

4.630
2.090

.032

Maximum for
monthly average

.035

.150

.023

.033

.152

.116
10.600

4.700
.074

Maximum for
anyone day

BAT
Titanium Forming
Tumbling Wastewater

TITANIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off Ibs) of titanium
tumbled

There shall be no discharge of process wastewater
pollutants.

Pollutant or
pollu~ant property

BAT
Titanium Forming
Sawing or Grinding Spent Neat Oils

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium



Table X-35 (Continued)

TITANIUM FeRMING SUBCATEGORY
BAT EFFLU~NT LIMITATIONS

mg/off-kg (lb/mi11ion off-lbs) of titanium
sawed or ground with contact cooling water

.033

.183

.022

.037

.233

.112
10.700

4.830
.075

.086

.476

.057

.095

.605

.291
27.900
l2~600

.195

Maximum for
monthly average

Maximum for
monthly average

1879

.081

.348

.053

.077
;352
.267

24.400
10.900

.172

.210

.905

.138

.200

.914

.695
63.500
28.300

.448

Maximum fer
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Arnmonia
*Fluoride
Titanium

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Arnmonia
*F1uoride
Titanium

mg/off-kg (lb/million off-lbs) of titanium
sawed or ground with emulsions

Pollutant or
pollutant property

BAT
Titanium Forming
Sawing or Grinding Contact Cooling Water

BAT
Titanium Forming
Sawing or Grinding Spent Emu~si~ns

Pollutant or
pollutant property



Table X-35 (Continued)

TITANIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.006

.032

.004

.006

.041

.020
1. 900

.856

.013

.202
1.120

.135

.224
1. 420

.683
65.700
29.600

.459

Maximum for
monthly average

Maximum for
monthly average

i880

.014

.062

.009

.014

.062

.047
4.320
1. 930

.031

.493
2.130

.325

.471
2.150
1. 640

149.000
66.700
1. 050

Maximum for
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Arnmonia
*Fluoride
Titanium

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Arnmonia
*Fluoride
Titanium

mg/off-kg (lb/million off-lbs) of titanium
tested with dye penetrant methods

Pollutant or
pollutant property

BAT
Titanium Forming
Dye Penetrant Testing Wastewater

mg/off-kg (lb/million off-lbs) of titanium
formed

BAT
Titanium Forming
Miscellaneous wastewater Sources

Pollutant or
pollutant property



Table X-35 (Continued)

TITANIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.039

.214

.026

.043

.272

.131
12.600

5.650
.088

Maximum for
monthly average

1881

.094

.407

.062

.090

.411

.313
28.500
12.800

.201

Maximum for
anyone day

There shall be no discharge of process wastewater
pollutants.

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

BAT
Titanium Forming
Degreasing Spent Solvents

BAT
Titanium Forming
Wet Air Pollution Control Blowdown

mg/off-kg (lb/million off-lbs) of titanium
formed

Pollutant or
pollutant property



Table X-36

BAT REGULATORY FLOWS FOR THE
PRODUCTION OPERATIONS - URANIUM FORMING SUBCATEGORY

Normalized
BAT Discharge

Operation

Extrusion

Forging

Heat Treatment

~ Surface Treatment
Q)
Q)

IV

Sawing or Grinding

Area Cleaning

Degreasing

Wet Air Pollution Control

Drum Washwater

Laundry Washwater

*Liters/employee-day.

**Gallons/employee-day.

Production Normalizing
Waste Stream l/kkg gal/ton Parameter

Spent lUbricants 0 0

Tool contact cooling water 34.4 8.25 Mass of uranium extruded with
tools requiring contact cool-
ing with water

Spent lUbricants 0 0

Contact cool ing water 31.3 7.52 Mass of extruded or forged
uranium heat treated and
sUbsequently cooled wi th water

Spent baths 27.2 6.52 Mass of uranium surface
treated

Rinsewater 337 80.9 Mass of uranium surface
treated

Spent emulsions 5.68 1. 36 Mass of uranium sawed or
ground with emulsions

Contact cool ing water 165 39.5 Mass of uranium sawed or
ground with contact cooling
water

Rinsewater 4.65 1. 12 Mass of uranium sawed or
ground and subsequently rinsed

Washwater 42.9 10.3 Mass of uranium formed

Spent solvents 0 0

Blowdown 3.49 0.836 Mass of uranium surface
treated

Wastewater 44.3 10.6 Mass of uranium formed

Wastewater 26.2* 6.30** Employee-day
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Table X-37

URANIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.003

.005

.021
• OC ~

.013

.015

.908

.077

.108

Maximum for
monthly average

.007

.013

.044

.010

.019

.035
2.050

.173

.148

Maximum for
anyone day

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewat~r

pollutants.

BAT
UraniuIl). Forming
Extrusion Spent Lubricants

mg/off-kg (lb/million off-lbs) of uranium
extruded

Pollutant or
pollutant property

BAT
Uranium Forming
Forging Spent Lubricants

BAT
Uranium Forming
Extrusion Tool Contact Cooling Water



Table X-37 (Continued)

mg/off-kg '(lb/million off-lbs) of extruded or forged
uranium heat treated

.002

.004

.017

.004

.010

.011

.718

.061

.085

Maximum for
monthly average

Maximum for
monthly average

.005

.010

.035

.008

.015

.028
1. 620

.137

.117

Maximum for
anyone day

Maximum for
anyone day

*Cadmium .006 .00.3
*Chromium .012 .005
*Copper .040 .019
*Lead .009 .004
*Nickel .017 .012

Zinc .032 .01;3
*Fluoride 1.860 .827 ,.

*Molybdenum .158 .070
uranium .134 .098

BAT
Uranium Forming
Heat Treatment Contact Cooling Water

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

zinc
*Fluoride
*Molybdenum

Uranium

URANIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

Pollutant or
pollutant property

mg/off-kg(~b/millionoff-lbs) of uranium
surface treated

BAT
Uranium Forming
Surface Treatment Spent Baths

Pollutant or
pollutant property



Table X-37 (Continued)

URANIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of uranium
surface treated

.027

.051

.206

.044

.125

.142
8.900

.'752
1. 050

.0005
.• 0009
.0035
.0007
.0021
.0024
.1500
.0127
.0178

Maximum for
monthly average

Maximum for
monthly a~erag~"

;l885

.0011

.0021

.0073

.0016

.0031

.0058

.3380

.0286

.0244

.067

.125

.432

.,094

.186

.344
20.100
1.700
1. 450

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium

*Cadmfum
*Chromium
*Copper ,:'
*Lead' ,
*Nickel

Zinc
*F1uoride
*Molybdenum

Uranium

BAT
Uranium Forming
Sawing or Grinding Spent Emulsions

mg/off-kg (ib/mil1ion off-1bs) of "uranium
sawed or ground with emulsions

BAT
Uranium Forming
Surface Treatment Rinse

Pollutant or
pollutant property

Pollutant or
pollutant property



mg/off-kg (lb/mil~~on off-lbs) of sawed or ground
uranium rinsed

mg/off-kg (lb/million off-lbs) of uranium
sawed or ground with contact cooling water

.0004

.0007

.002a

.0006

.0017

.0020

.1230

.0104

.0145

Maximum for
monthly average

Maximum for
monthly average

·1886

.0009

.0017
'~ 0060
.0013
.0026
.0048
.2770
.0234
.0200

Maximum for
anyone day

Maximum ·for
anyone day

*Cadmium .033 .013
*Chromium .061 .025
*Copper .211 .101
*Lead .046 .022
*Nickel .091 .061

Zinc .169 .. 069
*Fluoride 9.820 4.,360
*Molybdenum ..; .830 ,368
Uranium .708 .515

Table X-37 (Continued)

~RANIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium

BAT
Uranium Forming
Sawing or Grinding Contact Cooling Water

Pollutant or
pollutant. property

BAT
Uranium Forming
Sawing or Grinding Rinse

Pollutant or
pollutant property



Table X-37 (Continued)

URANIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

BAT
Uranium Forming
Degreasing Spent Solvents

There shall be no discharge of process wastewater
pollutants.

.003

.006

.026

.006

.016

.018
1.130

.096

.134

.0003

.0005

.0021

.0005

.0013

.0015

.0922

.0078

.0109

Maximum for
monthly average

Maximum for
monthly average

1887

.009

.016

.055

.012

.024

.044
2.550

.216

.184

.0007

.0013

.0045

.0010

.0019

.0036

.2080

.0176

.0150

Maximum for
anyone day

Maximum for
anyone day

*Cadrnium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium

*Cadmium
*Chromium
*copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium

mg/off-kg (lb/million off-lbs) of uranium
surface treated

BAT
Uranium Forming
Wet Air Pollution Control Blowdown

mg/off-kg (lb/million off-lbs) of uranium
formed

Pollutant or
pollutant property

BAT
Uranium Forming
Area Cleaning Washwater

'Pollutant or
pollutant property



Table X-37 (Continued)

URANIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.004

.007

.027

.006

.016

.019
1.170

.099

.138

2.100
3.930

16.000
,3.410
9.700

11.000
692.000

58.400
81. 800

Maximum for
monthly average

Maximum for
monthly average

.009

.016

.057

.012

.024

.045
2.640

.223

.190

1888

5.240
9.700

33.600
7.340

14.400
26.700

1,560.000
132.000
113.000

Maximum for
anyone day

Maximum for
anyone day

Cadmium
Chromium
Copper
Lead
Nickel
Zinc
Fluoride
Molybdenum
Uranium

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium

BAT
Uranium Forming
Drum Washwater

Pollutant or
pollutant property

mg/off-kg (lbjmillion off-lbs) of uranium
formed

mg/employee-d~y uranium formed

BAT
Uranium Forming
Laundry Washwater

Pollutant or
pollutant property



Tabl. X-38

BAT REGULATORY FlOWS ¥OR THE
PRODUCTION OPERATIONS - ZINC FORMING SUBCATEGORV

Normalized
BAT Discharge

Operation

Rolling

Drawing

Casting

Waste Stream

Spent neat oils

. Spent emuls.ions

Contact cooling water

Spent emulsions

I/kkg

o

1.39

53.6

5.80

gal/ton

o

0.334

12.9

1.39

Production Normalizing
Parameter

Mass of zinc rolled with
emulsions

Mass of zinc rolled with
contact cooling water

Mass ~f zinc drawn with
emulsions

....00 Direct Chill Casting
00
ID

Stationary Casting

Heat Treatment

Surface Treatment

Alkaline Cleaning

Sawing or Grinding

Degreasing

Electrocoating

Contact cool inl;l water 50.5

Contact cooling water 0

Contact cool ing water 76.3

Spent baths 88.7

Rinsewater 358

Spent baths 3.55

Rinsewater 1,690

Spent emulsions 23.8

Spent solvents 0

Rinsewater 229

12.1 Mass of zinc cast by the
di rect chill method

a
18.3 Mass of zinc heat treated and

sUbsequently cooled with wate·r

21.3 Mass of zinc surface treated

85.9· Mass of zinc surface treated

0.850 Mass of zinc alkaline cleaned

405 Mass of zinc alkaline cleaned

5.71 Mass of zinc sawed or ground
with emulsions

0

55.0 Mass of zinc electrocoated



Table X-39

z'INC FORMING SUBCATEGORY
BA~ EFFLUENT LIMITATIONS

.008

.033

.004

.020

.023

.0002

.0009,

.0001 ;:

.0005 ",

.0006'

Maximum for
monthly average

Maximum ~or· ,C

monthly average.,

1890

.020

.069

.011

.030

.055

.0005

.0018

.0003

.0008

.0014

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

BAT
Zinc Forming
Rolling Spent Neat Oils

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of zinc
rolled with emulsions

BAT
Zinc Forming
Rolling Contact Cooling Water ,

mg/off-kg (lb/million off-lbs) of zinc
rolled with contact cooling water

Pollutant or
pollutant property

BAT
zinc Forming
Rolling Spe~t Emul~ions

Pollutant or
pollutant property



1891

Table X-39 (Continued)

ZINC FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.008

.031

.004

.019

.021

.0009

.0035

.0005

.0022

.0024

Maximum for
monthly average

"Maximum for
monthly average

.019

.065

.010

.028

.052

.0022

.0074

.0012

.0032

.0059

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

There shall be no discharge of process wastewater
pollutants.

mg!off-kg (lb/million off-lbs) of zinc
drawn with emulsions

BAT
Zinc Forming
Drawing Spent Emulsions

BAT
Zinc Forming
Stationary Casting Contact Cooling Water

mg!off-kg (lb/million off-lbs) of zinc cast
by the direct chill method

BAT
Zinc Forming
Direct Chill Castir-~ Contact Cooling Water

Pollutant or
pollutant property

Pollutant or
pollutant property



Table X-39 (Continued)

ZINC FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

",.,

.012

.047

.006

.028

.032

.013

.054

.007

.033

.037

Maximum for
monthly average

Maximum for
monthly average

1892

.028

.098

.015

.042

.078

.033

.114

.018

.049

.091

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

BAT
zinc Forming
Heat Treatment Contact Cooling Water

mg/off-kg (lb/million off-lbs) of zinc
heat treated

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

Pollutant or
pollutant property

BAT
Zinc Forming
Surface Treatement Spent Baths

mg/off kg (lb/million off lbs) of zinc
surface treated

Pollutant or
pollutant property



Table X-39 (Continued)

ZINC FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

mg!off-kg (lb!million off-lbs) of zinc.
alkaline cleaned

.054

.219

.029

.133

.151

.0005

.0022

.0003

.0013

.0015

Maximum for
monthlYCJ.verage

Maximum for
monthly average

.133

.458

.072

.197

.365

1893

.0013

.0046

.0007

.0020

.0036

Maximum for
anyone day

Maximum for
anyone, da¥.,

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

BAT
Zinc Forming
Surface Treatment Rinse

mg/off-kg {lb/million off-lbs} of zinc
surface treated

BAT
Zinc Forming
Alkaline Cleaning Spent Baths.

Pollutant or
pollutant property

Pollutant or
pollutant property



1894

Table ~-39 (Continued)

ZlNC FORMING SVBCATEGORY
BAT EFFLUENT LIMITATIONS

.004

.015

.002

.009

.010

.254
1. 030

.,135

.626

.710

Maximum for
monthly average

Maximum for
monthly average

.• 009
.'031
.005
.013
.024

.626
2.170
'.338
,.930

1. 730

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zin'c

BAT
Zinc Forming
Alkaline Cleaning Rinse

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of zinc
alkaline cleaned

BAT
Zinc Forming
Sawing or Grinding Spent Emulsions

BAT
Zinc Forming
Degreasing Spent So~vents

There shall be no discharge of process wastewater
pollutants.

mg/off kg (lb/million off-lbs) of zinc
sawed or ground wit~ emulsions

Pollutant or
pollutant property



Table X-39 (Continued)

ZINC FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of zinc
electrocoated

.034

.140

.018

.085

.096

Maximum for
monthly average

.085

.293

.046
'.126
.234

1895

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

BAT
Zinc Forming
Electrocoating Rinse

Pollutant or
pollutant property



Table X-40

BAT REGULATORY FLOWS FOR THE
PRODUCTION OPERATIONS - ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY

Normalized
BAT Discharge

Operation

Rolling

Drawing

Extrusion

Swaging

Tube Reducing

Heat Treatment

Surface Treatment

Alkaline Cleaning

Molten Salt

SaWing or Grinding

Waste Stream l/kkg gal/ton

Spent neat oils 0 0

Spent lubricants 0 0

Spent lubricants 0 0

Press hydrau 1 ic fluid leakage 237 56.9

Spent neat oil s 0 0

Spent lubricants 0 0

Contact cooling water 34.3 8.23

Spent baths 340 81.5

Rinsewater 888 213

Spent baths '1,600 384

Rinsewater 3,140 753

Rinsewater 756 181

Spent neat oil s 0 0

Spent emulsions 281 67.4

Contact cooling water 321 77 .0

Rinsewater 180 43.1

Production Normalizing
Parameter

Mass of zirconium-hafnium
extruded

Mass of zirconium-hafnium heat
treated and subsequently
cooled with water

Mass of zirconium-hafnium
surface treated

Mass of zirconium-hafnium
surface treated

Mass of zirconium-hafnium
alkaline cleaned

Mass of zirconium-hafnium
alkaline cleaned

Mass of zirconium-hafnium
treated with molten salt

Mass of zirconium-hafnium
sawed or ground with emulsions

Mass of zirconium-hafnium
sawed or,ground with contact
cooling I(/ater

Mass of zircon1~m-hafnium

sawed ,Dr ground"and subse­
quently rinsed



Table X-40 (Continued)

BAT REGULATORY FLOWS FOR THE
PRODUCilON OPERAiIONS - ZIRCONIUM-HAFNIUM FORMING SUBCAiEGORY

Normal ized
BAT Discharge

Operation

Inspection and Testing

Degreasing

Wet Air Pollution Control

Degreasi ng

Waste Stream

Wastewater

Spent solvents

Blowdown

Rinsewater

l/kkg

15.4

o

o

o

gal/ton

3.70

o

o

o

Production Normalizing
Parameter

Mass of zirconium-hafnium
tested



Table X-41

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

,~.,

.043

.237

.029

.047

.301

.145
13.900

6.260
3.300

Maximum for
monthly average

1898

.104

.451

.069

.100

.455

.346
31. 600
14.100

6.830

Maximum for
anyone day

There shall be no discharge of process wastewater
pollutants.

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Anunonia
*Fluoride

Zirconium

BAT
Zirconium-Hafnium Forming
Rolling Spent Neat Oils

There shall be no discharge of process wastewater
pollutants.

BAT
Zirconium-Hafnium Forming
Extrusion Spent Lubricants

There shall be no discharge of process wastewater
pollutants.

BAT
Zirconium-Hafnium Forming
Drawing Spent Lubricants

BAT
Zirconium-Hafnium Forming
Extrusion Press Hydraulic Fluid Leakage

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
extruded

Pollutant or
pollutant property



Table X-4l (Continued)

mg/off-kg (lb/mi11ion off-1bs) of zirconium-hafnium
heat treated

.006

.034

.004

.007
.• 044
.021

2.010
.906
.477

Maximum for
monthly ~verage

.,'.

1899

.015

.065

.010

.01.4

.066

.··050
4.570
2.040

.988

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead·

*Nicke1
Zinc

*Ammonia
*Fluoride

Zirconium

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMI~ATIONS

BAT
Zirconium-Hafnium Forming
Heat Treatment Contact Cooling Water

BAT
Zirconium-Hafnium Forming
Swaging Spent Neat Oil~

There shall be no discharge of process was~ewater
pollutants.

Pollutant or
pollutant property

BAT·
Zirconium-Hafnium Forming
Tube Reducing Spent Lubricants

There shall be no discharge of process was~ewater

pollutants.



Table X-4l (Continued)

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
surface treated

.061

.340

.041

.068

.432

.208
19.900

8.980
4.730

.160

.888

.107

.178
1.130

.542
52.100
23.500
12.400

Maximum for
monthly average

Maximum for
monthly average , "

.150

.646

.099 '

.143

.653

.497
45.300
20.300

9.790

1900

.391
1.690

.258

.373
1.710
1. 300

119.000
52.900
25.600

Maximum for
anyone day

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Amrnonia
*Fluoride

Zirconium

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Amrnonia
*Fluoride

Zirconium

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

BAT
Zirconium-Hafnium Forming
Surface Treatment Spent Baths

mg/off-kg (lb/million off-lbs) o~ zirconium-hafnium
surface treated

Pollutant or
pollutant property

BAT
Zirconium-Hafnium Forming
Surface Treatment Rinse

Pollutant or
pollutant property



Table X-41 (Continued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

mg!off-kg (lb/million off-lbs) of zirconium-hafnium
alkaline cleaned

.288
1.600

.192

.320
2.030

.976
93.800
42.300
22.300

.565
3.140

.377

.628
3.990
1.920

184.000
82.900
43.700

Maximum for
monthly average

Maximum for
monthly average

.704
3.040

.464

.672
3.070
2.340

213.000
95.200
46.100

1901

1.380
5.970

.911
1.320
6.030
4.590

419.000
187.000

90.500

Maximum for
anyone day

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
zinc

*Ammonia
*Fluoride

Zirconium

*Chr.omium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium

BAT
Zirconium-Hafnium Forming
Alkaline_ Cleaning Spent Baths

mg!off-kg (lb/million off-lbs) of zirconium-hafnium
alkaline cleaned

Pollutant or
pollutant property

Pollutant or
pollutant property

. BAT
Zirconium-Hafnium Forming
Alkaline Cleaning Rinse



1902

Table X-4l (Continued)

.136

.756

.091~

.151

.960

.461
44.300
20.000
10.500

Maximum for
monthly average

.333
1. 440

.219

.318
1. 450
1.110

101.000
45.000
21. 800

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead.

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

BAT
Z~~conium-HafniumForming
Sawing or Grinding Spent Neat Oils

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
treated with molten salt

pollutant or
pollutant property

BAT
Zirconium-Hafnium Forming
Molten Salt Rinse



Table X-41 (Continued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.051

.281

.034

.056

.357

.172
16.500

7.420
3.910

.058

.321

.039

.064

.408

.196
18.800

8.480
4.460

Maximum for
monthly average

Maximum for
monthly average

1903

.124

.534

.082

.118

.540

.410
37.500
16.700

8.090

.141

.610

.093

.135

.617

.469
42.800
19.100

9.250

Maximum for
anyone day

Maximum for
any 'one day

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium

*Chr:>mium
Cop:?er

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
sawed or ground with emulsions

BAT
Zirconium-Hafnium Forming
Sawing or Grinding Contact Cooling Water

BAT
Zirconium-Hafnium Forming
Sawing or Grinding Spent Emulsions

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
sawed or ground with contact cooling water

Pollutant or
pollutant property



mg/off-kg (lb/million off-lbs) of zirconium-h~fnium

tested

mg/off-kg (lb/million off-lbs) of sawed or ground
zirconium-hafnium rinsed

.003

.015

.002

.003

.020

.009

.903

.407

.214

.032

.180

.022

.036

.229

.110
10.600

4.750
2.500

Maximum for
monthly aver,age

Maximum for
monthly average

1904

.007

.029

.004

.006

.030

.023
2.050

.917

.444

.079

.342

.052

.076

.346

.263
24.000
10.7.00

5.190

Maximum for
anyone day

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Amrnonia
*Fluoride

Zirconium

BAT
Zirconium-Hafnium Forming
Sawing or Grinding Rinse

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Arnmonia
*Fluoride

Zirconium

Tab~e X-41 (Continued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
BAT ZFFLUENT LIMITATIONS

Pollutant or
pollutant property

BAT
Zirconium-Hafnium Forming
Inspection and Testing Wastewater

Pollutant or
pollutant property



Table X-4l (Continued)

ZIRCONIUM-F_~F~~IUM FORMING SUBCATEGORY
BAT ~~FLOENT LIMITATIONS

BAT
Zirconium-Hafnium Forming
Degreasing Spent Solvents

There shall be no discharge of process wastewater
pollutants.

BAT
Zirconium-Hafnium Forming
Wet Air Pollution Control Blowdown

There shall be no allowance for the discharge of process
wastewater pollutants.

BAT
Zirconium-Hafnium Forming
Degreasing Rinse

There shall be no discharge of process wastewater
pollut~nts.

1905



Table X-42

PRODUCTION OPERATIONS - METAL PO'WDERS SUBCATEGORY

Operation

Metal Powder Production

Tumblin9, Burnishing-or
Cleaning

Sawing or Grinding

Sizing

Steam Treatment Wet Air
Pollution Control

Oil-Resin Impregnation

Degreasing

Hot Pressing

Mixing Wet Air Pollution
Control

Normalized
BAT Discharge

Waste Stream l/kkg gal/ton

Atomization wastewater 5,040 1,210

Wastewater 4,400 1,050

Spent neat oi Is 0 0

Spent emulsions 1B. 1 4.33

Contact cooling water 1,620 389

Spent neat oi 1s 0 0

Spent emulsions 14.6 3.50

Blowdown 792 190

Spent neat oi 1s 0 0

Spent solvents 0 0

Contact cooling water 8,800 2,110

Blowdown 7,900 1,890

Production Normalizing
Parameter

Mass of powder prOduced by
wet -atomization

Mass of powder metallurgy
parts tumbled, burnished or
cleaned with water-based media

Mass of powder metallurgy
parts sawed or ground with
emulsions

Mass of powder metallurgy
parts sawed or ground with
contact cooling water

Mass of powder sized using
emulsions

Mass of powder metallurgy parts
steam treated

Mass of powder cooled with
water after pressing

Mass of powder mixed



Table X-43

METAL POWDERS SUBGATEGORY
BAT EFFLUENT LIMITATIONS

mg/off-kg (lb/million off-lbs) of powder metallurgy
parts tumbled, burnished, or cleaned

.907
5.040

.605
1.010
6.400
3.080

16.100
3.080

.792
4.400

.528

.880
5.590
2.690

14.100
2.690

Maximum for
monthly average

Maximum for
monthly average

1907

2.220
9.580
1.460
2.120
9.'680
7.360

32.400
6.050

1.940
8.360
1. 280
1.850
8."450
6.430

28.300
5.280

Maximum for
anyone day

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

BAT
Metal Powders
Metal Powder Production Atomization Wastewater

mg/off-kg (lb/million off-lbs) of powder
wet atomized

Pollutant or
pollutant property

BAT
Metal Powders
Tumbling, Burnishing, or Cleaning Wastewater

Pollutant or
pollutant property



Table X~43 (Continued)

METAL POWDERS SUBCATEGORY
BAT EFFLUENT LIMITATIONS

.003

.018

.002

.004

.023

.011

.058

.011

.292
1.620

.195

.324
2.060

.988
5.190

.988

Maximum for
monthly average

Maximum for
monthly average

.008

.034

.005

.008

.035

.026

.117

.022

1908

.713
3.080

.470
'.681

3.110
2.370

10.400
1.950

Maximum for
anyone day

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

BAT
Metal Powders
Sawing or Grinding Spent Emulsions

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of powder metallurgy
parts sawed or ground with emulsons

There shall be no discharge of process wastewater
pollutants.

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

BAT
Metal Powders
Sawing or Grinding Spent Neat Oils

BAT
Metal Powders
Sawing or Grinding Contact Cooling Water

mg/off-kg (lb/million off-lbs) of powder metallurgy
parts sawed or ground with contact cooling water

Pollutant or
pollutant property



Table X-43 (Continued)

METAL POWDERS SUBCATEGORY
BAT EFFLUENT LIMITATIONS

rng/off-kg (lb/million off-lbs) of powder metallurgy
parts steam treated

.003

.015

.002

.003

.019

.009

.047

.009

.143

.792

.095

.159
1.010

.483
2.540

.483

Maximum ·for
monthly average

Maximum for
monthly average

.006

.028

.004

.006

.0=18

.021

.094

.018

1909

.349
1.510

.230

.333
1. 520
1.160
5.090

.951

Maximum for
any one day

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

BAT
Metal Powders
Sizing Spent Neat Oils

There shall be no discharge of process was~ewater

pollutants ..
BAT
Metal Powders
Sizing Spent ~ulsions

mg/off-kg (lb/million off-lbs) of powder
sized

BAT
Metal Powders
Steam Treatment Wet Air Pollution Control Blowdown

Pollutant or
pollutant property

Pollutant or
pollutant property



Table X-43 (Continued)

There shall be no discharge of process wastewater
pollutants.

1.590
8.800
1. 060
1. 760

11.200
5.370

28.200
5.370

Maximum for
monthly average

1910

3.870
16.700

2.550
3.700

16.900
12.900
56.600
10.600

Maximum for
anyone day

off-lbs) of powder

BAT
Metal Powders
Hot Pressing Contact Cooling Water

BAT
Metal Powders
Degreasing Spent Solvents

METAL POWDERS SUBCATEGORY
BAT EFFLUENT LIMITATIONS

BAT
Metal Powders
Oil-Resin Impregnation Spent Neat Oils

There shall be no discharge of process wastewater
pollutants.

Pollutant or
pollutant property

mgloff-kg (lblmillion
cooled after pressing

Chromium
""Copper
""Cyanide
""Lead
Nickel
Zinc

'Aluminum
Iron



mg/off-kg (lb/million off-lbs) of powder
mixed

BAT
Metal Powders
Mixing Wet Air Pollution Control Blowdown

Table X-43 (Continued)

METAL POWDERS SUBCATEGORY
BAT EFFLUENT LIMITATIONS

1.420
7.900

.948
1.580

10.100
4.820

25.300
4.820

Maximum for
monthly average

1911

3.480
15.000

2.290
3.320

15.200
11.600
50.800

9.480

Maximum for
anyone day

Chromium
*Coppeor
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

Pollutant or
pollutant property
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Figure X-I

BAT OPTION 1 AND 2 TREATMENT TRAIN FOR THE NONFERROUS METALS FORMING CATEGORY
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BAT OPTION 3 TREATMENT TRAIN FOR THE NONFERROUS METALS FORMING CATEGORY





SECTION XI

NEW SOURCE PERFORMANCE STANDARDS

The basis for new source performance standards (NSPS) under
Section 306 of the Clean Water Act is the best available demon~

strated technology (BDT). New plants have the opportunity to
design the best and most efficient production processes, and
wastewater treatment technologies. Therefore, NSPS includes
process changes, in-plant controls (including elimination of
wastewater streams), operating procedure changes, and end-of-pipe
treatment technologies to reduce pollution to the maximum extent
possible. This section describes the control technology for
treatment of wastewater from new sources and presents mass
discharge limitations of regulated pollutants for NSPS, based on
the described control technology~

TECHNICAL APPROACH TO NSPS

Most wastewater reduction and process changes applicable to a new
source have been considered previously for the BAT options. For
this reason, the three options considered as the basis for the
BAT options in Section X were also considered for NSPS. The
three options are summarized below and presented in greater
detail in Section X.

In summary form, the treatment technologies considered for new
nonferrous metals forming facilities are:

NSPS Option 1 is based on:

Oil skimming,
Lime and settle (chemical precipitation of metals

followed by sedimentation),
pH adjustment; and, where required,
Iron co-precipitation,
Chemical emulsion breaking,
Ammonia steam stripping,
Cyanide removal, and
Hexavalent chromium reduction.

NSPS Option 2 is based on:

NSPS Option 1, plus process wastewater flow
minimization by the following methods:

Contact cooling water recycle through cooling
towers or holding tanks.
Air pollution control scrubber liquor recycle.
Countercurrent cascade rinsing or other water
efficient methods applied to surface treatment
rinses and alkaline cleaning rinses.
Use of periodic batch discharges or decreased
flow rate for molten salt rinsewater.
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Recycle of equipment cleaning wastewater,
tumbling, burnishing and cleaning wastewater,
and other wastewater streams through holding
tanks with suspended solids removal if necessary.

NSPS Option 3 is based on:..
NSPS Option 2, plus multimedia filtration at the end

of the NSPS Option 2 treatment train. Plus ion
exchange for the precious metals subcategory.

A more detailed discussion of these options and their app1icabil~

ity with each of the 10 subcategories is presented in Section X.

NSPS OPTION SELECTION

EPA is issuing NSPS on the same technology basis as BAT fo~ eight
of the 10 subcategories in the nonferrous metals forming
category. For the magnesium subcategory, EPA is issuing NSPS
based on technology equivalent to BAT technology for that
subcategory with the addition of filtration prior to discharge.
For'~he metal powders subcategory, EPA is issuing NSPS based o~'
technology equivalent to BAT technology for that subcategory with
the additional process wastewater flow minimization. A~
discpssed in Sections IX and X, these technologies are currently'
used at plants within this point source category. "I

E~~ is issuing NSPS based on the application of lime, settle, a~d~
filter with in-process controls to reduce wastewater flows fbi'
the nickel-cobalt, refractory metals, uranium, and zinc forming
subcategories. Filtration has been included in the NSPS model
technology for subcategories because new plants have the opportu­
nity to design the most efficien't process water use and waste­
water reduction techniques within their, processes, thereby
reducing the size of and cost of filtration equipment. Specifi­
cally, the design of new plants can be based on recycle of
contact cooling water through cooling towers, recycle of air
pollution control scrubber liquor or the use of dry air pollution
control equipment, and use of countercurrent cascade rinsing.
These reductions in water use in turn reduce the cost of waste­
water treatment technologies, including filtration equipment.
For the lead-tin-bismuth, precious metals, titanium, and
zirconium-hafnium forming subcategories, the Agency is issuing
NSPS on the basis of flow reduction, lime, and settle.

The NSPS regulatory flows are the same as the BAT regulatory
flows discussed in Section X with the exception of three waste
streams in the metal powders subcategory. These are tumbling,
burnishing, and cleaning wastewater; steam treatment wet air
pollution control blowdown; and hot pressing contact cooling
water. The NSPS flows for these waste streams are based on
recycle of process wastewater. Opportunities to achieve further
flow reduction of process wastewater do currently exist for these
process waste streams~ however, they are not employed at existing
direct discharge facilities. The Agency believes these processes
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could be used at new-source&.: Further,' anew plan~has the
opportunity to build into- the plant when·it is being constructed
the necessary cooling towers, - holding tanks o~ sedimentation
equipment required to recycle these·streams.-

Table XI-l presents a·summary-of the option selected as the basis
for NSPSfor each subcategory. .

New sources regardless of whether they are plants with major
modifications or greenfield sites, will have costs that are not
greater than the costs that existing sources would incur in
achieving equivalent pollutant discharge reduction. In fact,
these costs may be less, since retrofitting is unnecessary.
Based on this, the Agency believes that the selected NSPS is
appropriate for both greenfield sites and existing sites undergo­
ing major modifications (e.g., a primary zinc plant which
installs a rolling operation).

Costs and Environmental Benefits of Treatment Options

Costs for an individual new source can be estimated using the
methods described in Section VIII. The Agency has not estimated
total costs or benefits for the category or subcategories since
it is not known how many new nonferrous metals forming plants
will be built.

REGULATED POLLUTANT PARAMETERS

The Agency has no reason to believe that the pollutants that will
be found in' significant quantities in processes within new
sources will be any different than those found in existing
sources. Consequently, pollutants selected for regulation, in
accordance with the rationale of Section VI, are the same ones
for each subcategory that were selected for BAT plUS TSS, oil and
grease, and pH. At NSPS, as at BAT, the other metal priority
pollutants considered for regulation will be controlled by
regulation of these selected pollutants.

NEW SOURCE PERFORMANCE STANDARDS

The regulatory production normalized flows for NSPS are the same
as the production normalized flows for the selected BAT option
with the exception of three streams in the metal powders subcate­
gory. New plants can design and install recycle systems for
these streams during original plant construction. As such, new
plants would not incur the costs of retrofitting these recycle
systems. The NSPS flow allowance for tumbling, burnishing and
cleaning wastewater is 440 l/kkg (105 gal/ton). The NSPS flow
allowance for steam treatment wet air pollution control blowdown
is 79.2 l/kkg (19.0 gal/ton). The NSPS flow allowance for· hot
pressing contact cooling water is 880 l/kkg (211 gal/ton). These
flows are based on 90 per~e~t flow reduction from BAT flows using
process wastewater flow minimization techniques discussed in
detail in Section x.
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The treatment effectiveness for each subcategory is ba~ed on the
values presented in Table VII-2l for lime and settle or lime,
settle, and filter treatment. The mass of pollutant allowed to
be discharged per mass of product is calculated by multiplying
the appropriate treatment effectiveness value (one-clay maximum
and lO-day ave~age values) (mg/l) by the production normalized
flows (l/kkg). When these calculations are performed, the mass­
based NSPS can be derived for the selected option for each
subcategory. Th~se values are presented for each of the 10
subcategories in Tables XI-2 through XI-ll.
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Table XI-l

OPTIONS SELECTED AS THE TECHNOLOGY· BASES FOR NSPS

Subcategory NSPS

Lead-Tin-Bismuth Forming Option 2

Magnesium Forming Option 3

Nickel-Cobalt Forming Option 3

Precious Metals Forming Option 2

Refractory Metals Forming Option 3

Titanium Forming Option 2

Uranium Forming Option 3

Zinc Forming Option 3

Zirconium-Hafnium Forming Option 2

Metal Powders Option 2

Option 1 - Flow Normalization, Lime and Settle

Option 2 - Flow Reduction, Lime and Settle

Option 3 - Flow Reduction, Lime and Settle, Multimedia Filtration
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Table XI-2

.030

.005

.281

.457
times

.055

.009

.516

.839
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

10.0 at all

.067

.010

.468

.960
7.5 to

.124

.018

.860
1. 770

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range of

NSPS
Lead-Tin-Bismuth Forming
Rolling Spent Emulsions

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range

There shall be no discharge of process wastewater
pollutants.

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
rolled with emulsions

Pollutant or
pollutant property

NSPS
Lead-Tin-Bismuth Forming
Rolling Spent Soap Solutions

mg!off-kg (lb/million off-lbs) of lead-tin-bismuth
rolled with soap solutions

Pollutant or
pollutant property

NSPS
Lead-Tin-Bismuth Forming
Drawing Spent Neat Oils



Table XI-2 (Continued)

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
drawn with emulsions

.034

.005

.316

.513
times

.010

.001

.090

.146
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

1921

.021

.003

.149

.306
7.5 to 10.0 at all

.076

.011

.526 .
1.080

of 7~5 to

Maximum for
anyone day

Maximum for
anyone day

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range of

NSPS
Lead-Tin-Bismuth Forming
Drawing Spent Emulsions

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
drawn with soap solutions

NSPS
Lead-Tin-Bismuth Forming
Drawing Spent Soap Solutions

Pollutant or
pollutant property



Table XI-2 (Continued)

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
extruded

.185

.029
1. 730
2.810
times

.070

.011

.660
1. 070
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

10.0 at all

.413

.061
2.880
5.910

of 7.5 to

1922

.158

.023
1.100
2.260

of 7.5 to

Maximum for
anyone day

Maximum for
anyone 'day

*Antimony
*Lead
*Oil and Grease
*TSS

* Within the range

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

NSPS
Lead-Tin-Bismuth Forming
Extrusion Press or Solution Heat Treatment Contact
Cooling Water

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
heat treated

NSPS
Lead-Tin-Bismuth Forming
Extrusion Press Hydraulic Fluid Leakage

Pollutant or
pollutant property

Pollutant or
pollutant property



mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
swaged with emulsions

mg/off"':kg (lb/million off-lbs) of lead-tin-bismuth
cast by the continuous strip method

Table XI-2 (Continued)

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.0023

.0004

.0213

.0345
times,

Maximum for
monthly average

Maximl..m for
monthly averag~

, .0013
.0002
.0120
.0195

10.0 at all times

10.0 at all

1923

.0051

.0008

.0354

.0726
of 7,.5 to

~0029

.0004

.0200

.0410
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

NSPS
Lead-Tin-Bismuth Forming
Swaging Spent Emulsions

NSPS
Lead-Tin-Bismuth Forming
Continuous Strip Casting Contact Cooling Water

Pollutant or
pollutant property

Pollutant or
pollutant property

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range



Table XI-2 (Continued)

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.004

.001

.035

.057
times

.048

.007

.448

.728
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

10.0 at all

.008

.001

.059

.121
7.5 to

1924

.107

.016

.746
1. 530

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Antimony
*Lead
*Oil and Grease
*TSS

*pH within the range of

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
ingot cast by the semi-continuous method

NSPS
Lead-Tin-Bismuth Forming
Semi-Continuous Ingot Casting Contact Cooling Water

Pollutant or
pollutant property

NSPS
Lead-Tin-Bismuth Forming
Shot Casting Contact Cooling Water

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
shot cast

Pollutant or
pollutant property



Table XI-2 (Continued)

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE'STANDARDS

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
shot formed

.075

.012

.706
1.150
times

.154

.024
1.440
2.340
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

10.0 at all

1925

.169

.025
1.180
2.410

of 7.5 to

.345

.050
2.400
4.920

of 7.5 to

Maximum for
anyone day

Maximum fo,r,
anyone day

NSPS
Lead-Tin-Bismuth Forming
Alkaline Cleaning Spent Baths

NSPS
Lead-Tin-Bismuth Forming
Shot-Farming-Wet Air Pollutio~ Control Blowdown

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
alkaline cleaned

Pollutant or
pollutant property

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range

*Antimony
*Lead
*Oil and Grease
*TSS

*pH Within the range



1926

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
alkaline cleaned

.302

.047
2.830
4.600
times

Maximum for
monthly average

10.0 at all

.678

.099
4.720
9.680

of 7.5 to

Maximum for·
anyone day

Tabl~ XI-2 (Continued)

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

There shall b~ no' discharge of process wastewQ~er

pollutants.

*Antimony
*Lead
*Oi1 and Grease
*TSS

*pH Within t~e range

NSPS
Lead-Tin-Bismuth Forming
Alkaline Cleaning Rinse

Pollutant or
pollutant property

NSPS
Lead-Tin-Bismuth Forming
Degreasing Spent solvents



Table XI-3

MAGNESIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.011

.031
4.370
1.970

.043

.122
17.000

7.630

Maximum for
monthly average

Maximum for
monthly average

2.890
3.470

10.0 at all times

.746

.895
10.0 at all times

1927

.107

.295
38.500
17.200

.019
2.890
4.340

of 7.5 to

.028

.076
9.950
4.440

..005

.746
1.120

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Zinc
*Anunonia
*Fluoride

Magnesium
*Oil and Grease
*TSS

*pH Within the range

*Chromium
*Zinc
*Anunonia
*Fluoride
Magnesium

*Oil and Grease
*TSS

*pH Within the range

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of forged magnesium
cooled with water

mg/off-kg (lbjmillion off-lbs) of magnesium
rolled with emulsions

NSPS
Magnesium Forming
Forging Contact Cooling Water

Pollutant or
pollutant property

NSPS
Magnesium Forming
Rolling Spent Emulsions

NSPS
Magnesium Forming
Forging Spent Lubricants

Pollutant or
pollutant property



Table XI-3 (Continued)

MAGNESIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.0006

.0017

.2340

.1060

.593
1. 660

232.000
104.000

Maximum for
monthly average

Maximum for
monthly average

.0399

.0479
10.0 at all times

39.500
47.400

10.0 at all times

.0015

.0041

.5320

.2380

.0003

.0399

.0599
of 7.5 to

1928

1. 460
4.030

527.000
235.000

.265
39.500
59.300

of 7.5 to

Maximun for
anyone day

Maximum for
anyone day

*Chromium
*Zinc
*Anunonia
*Fluoride
Magnesium ~

*Oil and Grease
*TSS

*pH Within the range

NSPS
Magnesium Forming
Forging Equipment Cleaning Wastewater

mg/off-kg (lb/million off-lbs) of magnesium
forgeq

Pollutant or
pollutant property

*Chromium
*Zinc
*Anunonia
*Fluoride
Magnesium

*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of magnesium
cast with direct chill methods

NSPS
Magnesium Forming
Direct Chill Casting Contact Cooling Water

Pollutant or
pollutant property

. " ,~



Table XI-3 (Continued)

rng/off-kg (lb/million off-lbs) of magnesium
surface treated

.070

.196
27.300
12.300

.284

.794
111.000

49.900

Maximum for
monthly average

Maximum for
monthly average

4.660
5.590.

10.0 at all times

18.900
22.700

10.0 at all times

1929

'.173
.476

62.100
27.700

.031
4.660
6.990

of 7.5 to

.·700
1. 930

252.000
113.000

.127
18.900
28.400

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

MAGNESIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE" STANDARDS

NSPS
Magnesium Forming
Surface Treatment Spent Baths

mg/off-kg (lb/million off-lbs) of magnesium
surface treated

NSPS
Magnesium Forming
Surface Treatment Rinse

Pollutant or
pollutant property

Pollutant or
pollutant property

*Chromium
*Zinc
*Arnmonia
*Fluoride
Magnesium

*Oi1 and Grease
*TSS

*pH Within the range

*Chromium
*Zinc
*Arnmonia
*Fluoride.
Magnesium

*Oil and Grease
*TSS

*pH Within the range



Table XI-3 (Continued)

MAGNESIUM FORMING SUaCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

mg/off kg (Ib/milllon off-lbs) of magnesium
formed

.003

.008
1.140
.~15

Maximum for
monthly average

Maximum for
monthly average

.195

.234
10.0 at all times

.093

.260
36.300
16.400

6.190
7.430

10.0 at all times

.007

.020
2.600
1.160

.001

.195

.293
7.5 to

1930

.229

.632
82.500
36.900·

.042
6.190
9.290

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

NSPS
Magnesium Forming
Sawing or Grinding Spent Emulsions

*Chromium
*Zinc
*Ammonia
*Fluoride
Magnesium

*oil and Grease
*TSS

*pH Within the range

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of magnesIum
sawed or ground

NSPS
Magnesium Forming·
Degreasing Spent 'Solvents

There shall pe no discharge of process wastewater
pollutants.

NSPS
Magnesium Forming
Wet Air Pollution C9ntrol Blowdown

Pollutant or
pollutant property

*Chromium
*Zinc
*Ammonia
*Fluoride

Magnesium
*Oil and Grease
*TSS

*pH Within the range of



Table XI-4

NICKEL~COBALT FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.014

.026

.104

.022

.063

.071
4.490
1. 700
2.040
times

Maximum ·for
monthly average

10.0 at all

1931

.034

.063

.218

.048

.094

.174
10.100
1. 700
2.550

of 7.5 to

Maximum for
anyone day

There .shall be no discharge of process wastewater
pollutants.

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

NSPS
Nickel-Cobalt Forming
Rolling Spent Neat Oils

NSPS
Nickel-Cobalt Forming
Rolling Spent Emulsions

Pollutant or
pollutant property

rng/off-kg (lb/million off-lbs) of nickel-cobalt
rolled with emulsions



1932

Table XI-4 (Continued)

.006

.011

.046

.010

.028

.032
1. 990

.754

.905
times

Maximum for
monthly averag'e

10.0 at all

.015

.028

.097

.021

.042

.077
4.490

.754
1.130

of 7.5 to

Maximum for
anyone day

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

NICKEL-COBALT FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

mg/off-kg (lb/million off-lbs) of nickel-cobalt
rolled with water

NSPS
Nickel-Cobalt Forming
Rolling Contact Cooling Water

Pollutant or
pollutant property

NSPS
Nickel-Cobalt Forming
Tube Reducing Spent Lubricants

NSPS
Nickel-Cobalt Forming
Drawing Spent Neat oils

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range



1933

Table XI-4 (Continued

.008

.014

.058

.012

.035

.040
2.520

.954
1.150
times

Maximum for
monthly average

10.0 at all

.019

.035

.122

.027

.053

.097
5.680

.954
1. 430

of 7.5 to

Maximum for
anyone day

NICKEL-COBALT FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

There shall be no discharge of process wastewater
pollutants.

NSPS
Nickel-Cobalt Forming
Drawing Spent Emulsions

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of nickel-cobalt
drawn with emulsions

NSPS
Nickel-Cobalt Forming
Extrusion Spent Lubricants

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride
*Oi1 and Grease
*TSS

*pH Within the range



Table XI-4 (Continued

NICKEL-COBALT FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.007

.013

.051.

.011

.031

.035
2.200

.832

.999
times

.019

.035

.142

.030

.086

.098
6.130
2.320
2.790
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

10.0 at all

.017

.031

.107

.023

.046

.085
4.950

.832
1. 250

of 7.5 to

1934

.046

.086

.297

.065

.128

.237
13.800

2.320
3.480

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of nickel-cobalt
heat treated

NSPS
Nickel-Cobalt Forming
Extrusion Press or Solution Heat Treatment Contact
Cooling Water

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

NSPS
Nickel-Cobalt Forming
Extrusion Press Hydraulic Fluid Leakage

mg/off-kg (lb/million off-lbs) of nickel-cobalt
extruded

Pollutant or
pollutant property



Table xr-4 {Continued

NICKEL-COBALT FORMING SUBCATEGORY
NEW SOURCE PBRFORMANCE STANDARDS

.004

.007

.029

.006

.018.

.020
1.250

.474

.569
times

Maximum for
monthly average

10.0 at all

1935

.009

.018

.061

.013

.026

.048
2.820

.474

.711
7.5 to

Maximum· for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Wi thin the .range of

mg/off-kg (lb/million off-lbs) of forged nickel-cobalt
cooled with water

NSPS
Nickel-Cobalt Forming
Forging Spent Lubricants

There shall be no discharge of process wastewater
pollutants.

NSPS
Nickel-Cobalt Forming
Forging Contact Cooling Water

Pollutant or
pollutant property



Table XI-4 (Continued

NICKEL-COBALT FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.0003

.0006

.0024

.0005

.0015

.0017

.1060

.0400

.0480
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

.015

.028

.114

.024
.. .069

.079
4.940
1.870
2.250

10.0 at all times

.0008

.0015

.0051

.0011

.0022

.0041

.2380

.0400

.0600
of 7.5 to

1936

.037

.069

.240

.052

.103

.191
11.100

1. 870
2.810

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

NSPS .
Nickel-Cobalt Forming
Forging Equipment Cleaning Wastewater

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride
*oil and Grease
*TSS

*pH Within the range

Pollutant or
pollutant property

Cadmium
*Chromiurn
Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of nickel-cobalt
forged

mg/off-kg (lb/million off-lbs) of nickel-cobalt
forged

NSPS
Nickel-Cobalt Forming
Forging Press Hydraulic Fluid Leakage

Pollutant or
pollutant property



Table XI-4 (Continued

NICKEL-COBALT FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

mg/off-kg (lb/million off~lbs) of nickel-cobalt
cast with stationary cast'ing methods

.210

.393
1.600

.341

.970
1.100

69.200
26.200
31.500

all times

.097

.182

.738

.158

.448

.508
32.000
12.100
14.500

all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

10.0 at

1937

.242

.448
1. 550

.339

.666
1. 240

72.000
12.100
18.200

of 7.5 to

.524

.970
3.360

.734
1. 440
2.670

156.000
26.200
39.300

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*F1uoride
*Oi1 and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of nickel-cobalt
metal powder atomized

NSPS
Nickel-Cobalt Forming
Metal Powder Production Atomization Wastewater

Pollutant or
pollutant property

NSPS
Nickel-Cobalt Forming
Stationary Casting Contact Cooling Water

Pollutant or
pollutant property



NSPS
Nickel-Cobalt Forming
Annealing and Solution Heat Treatment Contact Cooling Water

Table XI-4 (Continued

. ::
.075
.140
.571­
.122
.346
.393

24.700
9.350

11.200
all times

Maximum for
monthly average

10.0 at

1938

.187

.346
1.200

.262

.514

.954
55.700
9.350

14.000
of 7.5 to

Maximum for
anyone day

NSPS
Nickel-Cobalt Forming
Vacuum Melting Steam Condensate

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*F1uoride
*Oil and Grease
*TSS

*pH within th~ range

There shall be no allowance for the discharge of
process wastewater pollutants.

NICKEL-COBALT FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

There shall be no allowance for the discharge of
process wastewater pollutants.

NSPS
Nickel-Cobalt Forming
Surface Treatment Spent Baths

mg/off-kg (lb/mi!lion off-1bs) of nickel-cobalt
surface treated

Pollutant or
pollutant property



Table XI,-4 (Continued

NICKEL-COBALT FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.001

.002

.00.9

.002

.005

.006

.391

.148

.178
times

.189

.354
1. 440

.307

.873

.991
62.300
23.600
28.300

all times

Maximum for
monthly average

'Maximum for
monthly average

10.0 at

.003

.005

.019

.004

.008

.015

.881

.148

.222
7.5 to 10.0 at all

1939

..472

.873
3.020

.661
1. 300
2 .. 410

141. 000
23.600
35.400

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

"

Within the range of

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH

NSPS
Nickel-Cobalt Forming
Surface Treatment Rinse

mg/off-kg (lb/million off-lbs) of nickel-cobalt
treated with ammonia solution

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of nickel-cobalt
surface treated

Pollutant or
pollutant property

NSPS
Nickel-Cobalt Forming
Ammonia Rinse

Cadmium
*Chromium

Copper
Lead

, *Nickel
zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range



Table XI-4 (Continued

NICKEL-COBALT FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.003

.005

.021

.004

.013

.014

.895

.339

.407
times

.019

.035

.142

.030

.086

.098
6.150
2.330
2.800
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

10.0 at all

.007

.013

.043

.009

.019

.035
2.020

.339

.509
7.5 to

1940

.047

.086

.298

.065

.128

.238
13.900

2.330
3.500

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*E'1uoride
*Oi1 and Grease
*TSS

*pH Within the range of

NSPS
Nickel-Cobalt Forming
Alkaline Cleaning Spent Baths

mg/off-kg (lb/million off-lbs) of nickel-cobalt
alkaline cleaned

Pollutant or
pollutant property

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*F1uoride
*Oil and Grease
*TSS

*pH Within the range

NSPS
Nickel-Cobalt Forming
Alkaline Cleaning Rinse

Pollutant or
pollutant property

rng/off-kg (lb/million off-lbs) of nickel-cobalt
alkaline cleaned



TableXI-4 (Continued

mg/off-kg (lb/million off-lbs) of nickel-cobalt
treated with molten salt

.003

.006

.024

.005

.015

.017
1.040

.394

.473
times

.068

.127

.515

.110

.312

.355
22.300
8.440

10.100
all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

10.0 at all

1941

.169

.312
1.080

.237

.464

.861
50.200
8.440

12.700
of 7.5 to

.008

.015

.051

.011

.022

.040
2.350

.394

.591
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

NSPS
Nickel-Cobalt Forming
Molten Salt Rinse

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

NICKEL-COBALT FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of nickel-cobalt
sawed or ground with emulsions

NSPS
Nickel-Cobalt Forming
Sawing or Grinding Spent Emulsions

Pollutant or
pollutant property



Table XI-4 (Continued

mg/off-kg (lb/mi11ion off-lbs) of sawed or ground
nickel-cobalt rinsed

.015

.027

.111

.024

.067

.076
4.780
1.810
2.170
times

.002

.005

.018

.004

.011
,., .013

.795

.301

.361
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

10.0 at all

.036

.067

.232

.051
.. 100
.185

10.800
1.810
2.720

of 7.5 to

1942

~006

.011

.039

.008

.017

.031
1.790

.301

.452
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride
*oil and Grease
*TSS

*pH Within the range

NSPS
Nickel-Cobalt Forming
Sawing or Grinding Rinse

NICKEL-COBALT FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range

Pollutant or
pollutant property

NSPS
Nickel-Cobalt Forming
Stearn Cleaning Condensate

mg/off-kg (lb/mil1ion off-lbs) of nickel-cobalt
steam cleaned

Pollutant or
pollutant property



Table XI-4 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

There shall be no allowance for the discharge of
process wastewater pollutants.

.017

.032

.130

.028

.079

.090
5.630
2.130
2.560
times

Maximum for
monthly averag~

10.0 at all

1943

.043

.079

.273

.060

.117

.217
12.700

2.130
3.200

of 7.5 to

Maximum for
anyone day

NSPS
Nickel-Cobalt Forming
Hydrostatic Tube Testing and Ultrasonic Testing Wastewater

mg/off-kg (lb/million off-lbs) of- nickel-cobalt
tested with dye penetrant methods

NSPS
Nickel-Cobalt Forming
Dye Penetrant Testing Wastewater

Pollutant or
pollutant property

Cadmium
*Chromium
Copper
Lead

*Nicke1
Zinc

*Fluoride
*Oil and Grease
*TSS

*pH Within the range



1944

Table XI-4 (Continued)

.020

.037

.150

.032

.091

.104
6.500
2.460
2.950
times

Maximum for
monthly average

10.0 at all

.049

.091

.315

.069

.136

.251
14.700

2.460
3.690

of 7.5 to

Maximum for
anyone day

NSPS
Nickel-Cobalt Forming
Miscellaneous Wastewater Sources

Pollutant or
pollutant property

NICKEL-COBALT FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of nickel-cobalt
formed

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride
*Oil and Grease
*TSS .

. ~P~. Within the range

NSPS
Nickel-Cobalt Forming
Degreasing Spent Solvents



Table XI-4 (Continued)

mg/off-kg (lb/million off~lbs) of nickel-cobalt
electrocoated

.065

.122

.494

.106

.300

.340
21.400
8.100
9.720

all ..times

.270

.506
2~060

.438
1.250
1.420

89.000
33.700
40.500

all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

10.0 at

.1945

• J:6 2·
.300

1.040
.227
.446
.826

48.200
8.100

12.200
of 7.5 to

.674
1.250
4.320

.944
1.860
3.440

201. 000
33.700
50.600

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*F1uoride
*Oil and Grease
*TSS

*pH Within the range

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride
*Oi1 and Grease
*TSS

*pH Within the range

NICKEL-COBALT FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE ·STANDARDS

NSPS
Nickel-Cobalt Forming
Wet Air Pollution Control Blowdown

mg/off-kg (lb/million off-lbs) of nickel-cobalt
formed

Pollutant or
pollutant property

NSPS
Nickel-Cobalt Forming
Electrocoating Rinse

Pollutant or
pollutant property



mg/off-kg (lb/million off-lbs) of precious metals
rolled with emulsions

PRECIOUS METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

Maximum for
month~y average

Maximum for
anyone day

*Cadmium .026 .012
Chromium .034 .014

*Copper .147 .077
*Cyanide .022 .009
*Lead .032 .015
Nickel .148 .098 "

*Silver .032 .013
Zinc .113 .047

*Oil and Grease 1.540 .925
*TSS 3.160 1.510

*pH Within the range of 7.5 to 10.0 at all times

Table XI-5

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

1946

NSPS
Precious Metals Forming
Rolling Spent Neat Oils

NSPS .
Precious Metals Forming
Rolling Spent Emulsions

Pollutant or
pollutant property

NSPS
Precious Metals Forming
Drawing Spent Neat Oils



Table XI-5 (Continued)

mg/off-kg (lb/million off-lbs) of precious metals
drawn with emulsions

.007

.009

.048

.006

.010

.060

.008

.029

.570

.926
times

.0005

.0006

.0031

.0004

.0006

.'0040

.0005

.0019

.0375

.0609
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

10.0 at all

1947

.016

.021

.090

.014

.'020

.091

.020

.069

.950
1.950

of 7.5 to

.0011

.0014

.0059

.0009

.0013

.0060

.0013

.0046

.0624

.1280
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Cadmiurn
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oi1 and Grease
*TSS

*pH Within the range

PRECIOUS METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

NSPS
Precious Metals Forming
Drawing Spent Emulsions

Pollutant or
pollutant property

mg/off-kg (lb/mil1ion off-lbs) of precious metals
drawn with soap solutions

Pollutant or
pollutant property

NSPS
Precious Metals Forming
Drawing Spent Soap Solutions



Table XI-5 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

1. 000 "
1. 200
6.680

.802
1. 340""
8.490 i/

1.140 ,',
4.080

80.200
130.000

all times

.162

.195
1.080

.130

.216
1.370

.184 '

.659
13.000
21.100

all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

10.0 at

1948

2.270
2.940

12.700
1.940

.. 2.810
12.800

2.740
9.750

134.000
274.000
of 7.5 to

.367

.475
2.050

.313

.454
2.080

.443
1.580

21.600
44.300

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Si1ver
Zinc

*Oil and Grease
*TSS

*pH Within the range

mg!off-kg (lbjmillion off-lbs) of precious metals
cast by the direct chill method

mg!off-kg (lbjmil1ion off-lbs) of precious metals
powder wet atomized

NSPS
Precious Metals Forming
Metal Powder Production Atomization Wastewater

Pollutant or
pollutant property

Pollutant or
pollutant property

NSPS
Precious Metals Forming
Direct Chill Casting Contact Cooling Water



Table XI-5 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

NSPS
Precious Metals Forming
Shot Casting Contact Cooling Water

Pollutant or Maximum for Maximum for
pollutant property anyone day monthly average

mg/off-kg (lb/million off-lbs) of precious metals
shot cast

*Cadmium .125 .055
Chromium .162 .066

*Copper .698 .367
*Cyanide .107 .044
*Lead .154 .073
Nickel .705 .466

*Silver .151 .062
Zinc .536 .224

*Oil and Grease 7.340 4.410
*TSS 15.100 7.160

*pH Within the range of 7.5 to 10.0 at all times

NSPS
Precious Metals Forming
Stationary Casting Contact Cooling Water

There shall be no discharge of process wastewater
pollutants.

1949



Table XI-5 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.063

.075

.417

.050

.083

.530

.071

.255
5.010
8.130
times

.155

.186
1. 030

.124'

.206
1.310

.175

.629
12.400'
20.100

all times

Maximum for
monthly average

Maximum for
monthly average '.

10.0 at all

1950

.142

.184

.793

.121

.175

.801

.171

.609
8.340

17.100
of 7.5 to

.350

.453
1.960

.299

.433
1.980

.423
1.510

20.600
42.300

of 7.5 to '10.0 at

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of precious metals cast
by the semi-continuous or continuous method

mg/off-kg (lb/million off-lbs) of extruded precious
metals heat treated

Pollutant or
pollutant property

Pollutant or
pollutant property

NSPS
Precious Metals Forming
Semi-Continuous and Continuous Casting Contact
Cooling Water

NSPS
Precious Metals Forming
Heat Treatment Contact Cooling Water



Table XI-5 (Continued)

mg/off-kg (lb/million off-lbs) of precious metals
surface treated

.015

.017

.096

.012

.019

.123

.016

.059
1.160
1.880
times

.092

.111

.616

.074

.123

.783

.105

.376
7.390

12.000
all times

at a1.1.

Maximum for
monthly average

Maximum for
. monthly average

10.0 at

.033

.042

.183

.·028

.041

.185

.040

.141
1.930
3.950

of 7.5 to·1.0.0

1951

.210

.271
1.170

.179

.259
1.180

.253

.900
12.300
25.300

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
zinc

*Oil and Grease
*TSS

*pH Within the range

PRECIOUS METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range

NSPS
Precious Metals Forming
Surface Treatment Spent Baths

Pollutant or
pollutant property

mg/off-kg (lb/mil1ion off-lbs) of precious metals
surface treated

NSPS
Preciou~ Metals Forming
Surface Treatment Rinse

Pollutant or
pollutant property



Table XI-5 (Continued)

mg/off-kg (lb/million off-lbs) of precious metals
alkaline cleaned

.009

.011

.060

.007

.012

.076

.010

.037

.720
1.170
times

.168

.202
1.120

.135

.224
1. 420

.191

.683
13.500
21. 900

all times

at all

Maximum for
monthly avera'ge

Maximum for
monthly average

10.0 at

1952

.020

.026

.114

.017

.025

.115

.025

.088
1. 200
2.460

of 7.5 to-lO.O

.381

.493
2.130

.325

.471
2.150

.459
1.640

22.400
45.900

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range

NSPS
Precious Metals Forming
Alkaline Cleaning Spent Baths

Polluta.nt or
pollutant property

Pollutant or
pollutant property

NSPS
Precious Metals Forming
Alkaline Cleaning Rinse

PRECIOUS METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

mg/off kg (lb/million off-lbs) of precious metals
alkaline cleaned

*Cadniium:" -,
Chromium

- *Copper. ,:
*Cyanide'.

'*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the ra~ge



Table XI-5 (Continued)

mg/off-kg (lb/million off-lbs) of precious metals
tumbled or burnished

.174

.209
1.160

.139

.232
1.480

.197

.708
13.900
22.600

all times

.182

.218
1.210

.145

.242
1. 540

.206

.738
14.500
23.600

all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

1953

.395

.511
2.210

.337

.487
2.230

.476
1. 700

23.200
47.600

of 7.5 to·l0.0 at

.412

.533
2.300

.351

.508
2.330

.496
1.770

24.200
49.600

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide ..
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range

PRECIOUS METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of precious metals and
base metal cleaned prior to bonding

NSPS
Precious Metals Forming
Alkaline Cleaning Prebonding Wastewater

Pollutant or
pollutant property

NSPS
Precious Metals Forming
Tumbling or Burnishing wastewater

Pollutant or
pollutant property



Table XI-5 (Continued)

mg/ofE-kg (lb/million off-lbs) of precious metals
sawed or ground with emulsions

.014 '

.017

.093

.ell

.019

.119 ;

.016'

.057 "
1.120
1.820
times

Maximum for
monthly averag~: ",

10.0 at all

1954

.032

.041

.178

.027

.039

.180

.038

.137
1.870
3.830

oE 7.5 to

Maximum for
anyone day

PRECIOUS METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*oil and Grease
*TSS

*pH Within the range

There shall be no discharge of process wastewater
pollutants.

NSPS
Precious Metals Forming
Sawing or Grinding Spent Emulsions

NSPS
Precious Metals Forming
Sawing or Grinding Spent Neat oils

Pollutant or
pollutant property



1955

Table XI-5 (Continued)

.013

.015

.084

.010

.017 .

.106

.014

.051
1. 000
1. 630
times

Maximum for
monthly average

10.0 at all

.028

.037

.159

.024

.035

.161

.034

.122
1. 670
3.430

of 7.5 to

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Si1ver
Zinc

*Oil and Grease
*TSS

*pH Within the range

PRECIOUS METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

"~~~~~t~~~~: be no discharge of process wastewater

mg/off-kg (lbjmi11ion off-1bs) of precious metals and
base metal pressure bonded

Pollutant or
pollutant property

NSPS
Precious Metals Forming
Pressure Bonding Contact Cooling Water

NSPS
Precious Metals Forming
Degreasing Spent Solvents

There shall be no discharge of process wastewater
pollutants.

NSPS
Precious Metals Forming
wet Air Pollution Control B1owdown



,'.-; .. ,

1956

.064

.262

.056
, .159
.052
.180, <,

11.300
.957

Maximum for
monthly average

.665
4.290
5.150

10.0 at all times

.159

.549

.120

.236

.125

.438

.052
25.500
2.160

.193

.043
1.490
4.290
6.440

of 7.5 to

Maximum for
anyone day

NSPS ,
Refractory Metals Forming
Rolling Spent Emulsions

Pollutant or
pollutant'property

mg/off-kg{+b/million off-lbs) of refractory metals
rolled with emulsions

NSPS
Refractory Metals Forming
Rolling Spent Neat Oils and Graphite-Based Lubricants

Table XI-6

REFRACTORY METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

There shall be no discharge of process wastewater
pollutants.

NSPS
Refractory Metals Forming
Drawing Spent Lubricants

There shall be no discharge of process wastewater
pollutants.

"" "'ChromYum'
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the range



1957

Table XI-6 (Continued)

.179

.726

.155

.441

.143

.500

31. 400
2.660

1.850
11. 900
14.300

all times

Maximum. for
monthly average

10.0 at

.441
1.530

.333

.655

.345
1.220

.143
70.800

5.990
.536
.119

4.140
11.800
17.900

of 7.5 to

Maximum for
anyone day

mg/off-kg (lb/million off-lbs) of refractory metals
extruded

REFRACTORY METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

There shall be no discharge of process wastewater
pollutants.

NSPS
Refractory Metals Forming
Extrusion Press Hydraulic Fluid Leakage

NSPS
Refractory Metals Forming
Extrusion Spent Lubricants

Pollutant or
pollutant property

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

""Oil and Grease
*TSS

*pH Within the range

NSPS
Refractory Metals Forming
Forging Spent Lubricants

There shall be no discharge of process wastewater
pollutants.



mg/off-kg (lb/million off-lbs) of forged refractory
metals cooled with water

Table XI-6 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.005

.020

.004

.012

.004

.014

.853

.072

.050

.323

.388
times

Maximum for
monthly average

10.0 at all

1958

.012

.041

.009

.018

.009

.033

.004
1.920

.163

.015

.003

.113

.323

.485
7.5 to

Maximum for
anyone day

NSPS
Refractory Metals Forming
Forging Contact Cooling Water

Pollutant 'or
pollutant property

Chromium
*Copper
Lead

*Nickel
Silver
Zinc
Columbium

*F1uoride
. *Molybdenum

Tantalum
Vanadium
Tu~gsten

*Oil and Grease
*TSS

*pH Within the range of



1959

There shall be no discharge of process wastewater
pollutants.

.042

.172

.037

.104

.034

.118

7.420
.627

.436 .
2.810
3.370
timesat all

Maximum for
monthly average

.104

.360

.079

.155

.082

.287

.034
16.700

1.420
.127
.028
.978

2.810
4.220

of 7.5 to 10.0

Maximum for
anyone day

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the range

Table XI-6 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
NEW SOURCE PERFORY~NCE STANDARDS

NSPS
Refractory Metals Forming
Metal Powder Production Floor Wash Water

There shall be no discharge of process wastewater
pollutants.

NSPS
Refractory Metals Forming
Metal Powder Production Wastewater

mg/off-kg (lb/million off-lbs) of refractory metals
powder produced

NSPS
Refractory Metals Forming
Metal Powder pressing Spent Lubricants

Pollutant or
pollutant property



Table XI-6 (Continued)

mg/off-kg (lb/million off-lbs) of refractory metals
surface treated

REFRACTORY METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

--~

.058

.237

.051

.144

.047

.164

10.300 ..\.,
.868

Maximum for
monthly average

.603 i.:
3.890"', .
4.670

10.0 at' all times

1960

.144

.498

.109

.214

.113

.397

.047
23.200
1. 960

.175

.039
1.360
3.890
5.840

of 7.5 to

Maximum for
anyone day

Chromium
*Copper
Lead

*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the range

Pol~utant or
pollutant property

NSPS
Refractory Metals Forming
Surface Treatment Spent Baths



Table XI-6 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
NEW SOURCE PERFOR:1ANCE STANDARDS

1.820
7.380
1.580
4.480
1.450
5.080

320.000
27.000

18.800
121.000
145.000

all times

Maximum for
monthly average

10.0 at

1961

4.480
15.500

3.390
6.660
3.510

12.400
1.450

720.000
60.900

5.450
1. 210

42.100
121. 000
182.000
of 7.5 to

Maximum for
anyone day

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum

Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the range

NSPS
Refractory Metals Forming
Surface Treatment Rinse

mg/off-kg (lb/million off-lbs) of refractory metals
surface treated

Pollutant or
pollutant property



mg/off-kg (lb/million off-lbs) of refractory metals
alkaline cleaned

Table XI-6 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.050

.204

.043

.124

.040

.140

8.820
.745

.518
3.340
4.010
times

Maximum for
monthly average

10.0 at all

1962

.124

.428

.094

.184

.097

.341

.040
19.900
1. 680

.151

.033
1.160
3.340
5.010

of 7.5 to

Maximum for
anyone day

NSPS
Refractory Metals Forming
Alkaline Cleaning Spent Baths

Pollutant or
pollutant property

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the range



mg!off-kg (lb/mil1ion off-lbs) of refractory metals
alkaline cleaned

Table XI-6 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

1.230
4.980
1.060
3.020
~979

3.430

216.000
180·200

12.700
81.600
97.900

all times

Maximum for
monthly average

10.0 at

1963

3.020
10.500

2.290
4.490
2.·370
8.330

.979
486.000

41.100
3.670

.816
28.400
81..600

123.000
of 7.5 to

~aximum for
anyone day

Chromium
*Copper
Lead

*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the range

NSPS
Refractory Metals Forming
Alkaline Cleaning Rinse

Pollutant or
pollutant property



Table XI-6 (Continued)

mg/off-kg (lb/million off-lbs) of refractory. meta1. s 'f
treated with molten salt

--­,

.,

.O9,$.: .

.386 .

. 082. .

.234 ,­

.076.

.266.,

16 •.700 ..
1. 410.

Max.imum for.
monthly average

", .

,·.,~;9th
6 ~'330 ':.
7.6()0

10.0 at all times

. 1964.

.234

.810

.177

.348

.184

.646

.076
37.700

3.190
.285
.063

2.200
6.330
9.500

of 7.5 to

Maximum f9r
anyone day

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil ~nd Grease
*TSS

*pH within the range

REFRACTORY METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

NSPS
Refractory Metals Forming
Molten Salt Rinse

Pollutant or
pollutant property



1965

Table XI-6 (Continued)

.188

.763

.163

.463

.150

.525

33.000
2.790

Maximum for
monthly average

1.940
12.500
15.000

10.0 at all times

.463
1. 600

.350

.688

.363
1.280

.150
74.400

6.290
.563
.125

4.350
12.500
18.800

of 7.5 to

Maximum for
anyone day

REFRACTORY METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

There shall be no discharge of process wastewater
.. pollutants.

mgjoff-kg (lbjmillion off-lbs) of refractory metals
tumbled or burnished

Pollutant or
pollutant property

NSPS
Refractory Metals Forming
Tumbling or Burnishing Wastewater

NSPS
Refractory Metals Forming
Sawing or Grinding Spent Neat Oils

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the range



mg/off-kg (lb/million off-lbs) of refractory metals
sawed or ground with emulsions.

Table XI-6 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

-~-:."

.045

.181

.039

.110

.036

.125

7.840
.663

.461
2.970
3.570
times

Maximum for
monthly average

1966

.110

.380

.083
·.164
.086
.303
.036

17.700
1. 500

.134

.030
1. 040
2.970
4.460

of 7.5 to 10.0 at all

Maximum for
anyone day

NSPS
Refractory Metals Forming
Sawing or Grinding Spent Emulsions

Pollutant or
pollutant property

Chromium
*Copper
Lead

*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the range



Table XI-6 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.. 365
1.480

.316

.899

.292
1. 020

64.200
5.420

3.770
24.300
29.200

all times

Maximum for
'monthly average

10.0 at

1967

.899
3.110

.681
1. 340

.705
2.480

.292
145.000
12.200
1.100

.243
8.460

24.300
36.500

of 7.5 to

Maximum for
anyone day

Pollutant or .
pollutant property

NSPS
Refractory Metals Forming
Sawing or Grinding Contact Cooling Water

mg!off-kg (lbjmillion off-lbs) of refractory metals
sawed or ground with contact cooling water

Chromium
, *Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the range



Table XI-6 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.002

.008

.002

.005" '

.00z

.006'

.3'57

.030 "

.021:
,;135' ',,:

.162
times

Maximum for
monthly average'

1968

.005

.017

.004

.007

.004

.014

.002

.803

.068

.006

.001

.047

.135

.203
7.5 to 10.0 at all

Maximum for
anyone day

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oi1 and Grease
*TSS

*pH Within the range of

NSPS
Refractory Metals Forming
Sawing or Grinding Rinse

mg/off-kg (lb/million off-lbs) of sawed or ground
refractory metals rinsed

Pollutant or
pollutant property



.",:t:_"""""'.. '_

Table XI-6 (Continued)

.012

.047

.010

.029

.009

.033

2.050
.173

.120

.776

.931
times

Maximum for
monthly average

10.0 at all

1969

.029

.099

.022

.043

.023

.079

.009
4.620

.391

.035

.008

.270

.776
1.170

of 7.5 to

Maximum for
anyone day

Chromium
*Copper
Lead

*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the range

REFRACTORY METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

mg/off-kg (lbjmillion off-lbs) of refractory metals
tested with dye penetrant methods

NSPS
Refractory Metals Forming
Dye Penetrant Testing Wastewater

Pollutant or
pollutant property



Table XI-6 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.020

.083

.018

.050

.016

.057

3.590
.303

.211
1. 360 .\'
1.630
times

Maximum for
monthly average" -

10.0 at all

1970

.050

.174

.038

.075

.040

.139

.016
8.090

.684

.061

.014

.473
1.360
2.040

of 7.5 to

Maximum for
anyone day

NSPS
Refractory Metals Forming
Equipment Cleaning Wastewater

mg/off-kg (lb/million off-lbs) of refractory metals
formed

Pollutant or
pollutant property

Chromium
*Copper
Lead

*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS

*pH Within the range



1971

Table XI-6 (Continued)

.052

.211

.045

.128

.041

.145

.535
3.450
4.140
times

9.110
.770

Maximum for
monthly average

10.0 at all

.128

.442

.097

.190

.lob

.352

.041
20.500
1. 740

.155

.035
1.200
3.450
5.180

of 7.5 to

Maximum for
anyone day

There shall be no discharge of process wastewater
pollutants.

REFRACTORY METALS FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

*Oil and Grease
*TSS '

*pH Within the!ange

NSPS
Refractory Metals Forming
Miscellaneous Wastewater Sources

NSPS
Refractory Metals Forming
Degreasing Spent Solvents

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) ,of refractory metals'
formed



Table XI-6 (Continued)

REFRACTORY METALS FORMING SUBCAT~GORY

NEW SOURCE PERFORMANCE STANDARDS

.118

.480

.103

.291

.095

.331

20.800
1. 760

Maximum for
monthly average

1.220
7.870
9.450

10.0 at all times

1972

.291
1. 010

.221

.433

.228

.803

.095
46.800
3.960

.354

.079
2.740
7.870

11~800

of 7.5 to

Maximum for
anyone day

NSPS
Refractory Metals Forming
Wet Air Pollution Control Blowdown

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of refractory metals
formed

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum

Tantal"um
. Vanadium

Tungsten
*Oil and Grease
*TSS

*pH Within the range



1973

There shall be no discharge of process wastewater
pollutants.

. '

Maximum for
monthly average

.088

.488

.059

.098

.620'

.298
28.600
12.900

.200
5.860
9.520

10.0 at all times

.215

.927

.142

.205

.937

.713
65.100
29.100

.459
9.760

20.000
of 7.5 to

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead·
Nickel

*zinc
*Ammonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

There shall be no discharge of process wastewater
'"pollutants.

Table X~~7

TITANIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS. .:. ~

There shall be no discharge of process wastewater
pollutants.

NSPS
Titanium Forming
Drawing Spent Neat Oils

mg/off-kg (lp/miIIion off-Ibs) of. titanium
rolled with contact coolin~ water

NSPS
Titanium Forming
Rolling contact Cooling Water

NSPS
Titanium Forming
Extr~sion Spent Neat Oils

NSPS
Titanium Forming
Rolling Spent Neat Oils

Pollutant or
pollutant property



'., '.,.... -'! ...-: ,..~.~ '" .. '

. ....._.-:-- .... _._._,_ ...._~

}:

.013

.072

.009'

.014

.091

.044
4.220
1. 900'

.030

.863
1.400
times

Maximum for
monthly av:erage

:.~. .

~.' .'t.,:

1974

.0·32
.• 137
.021
.030
.138
.105

9.5~0

4.280
.06~

1.440
2.950

of 7.• 5 to lO.O at'all

Maximum· for
any one d~y

Table XI-7 (Continued)

TITANIUM FORMING~' SUBCATEGORY
NEW SOURCE "P~~FORMANCE STANDARDS

.. -, ~. ,
, .....,."....-... -....

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Arnmonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

. ..
•• --._ , ' ., ••••••• "1, ••

mg/off-kg (lb/million off-Ibs) of titanium
extruded with emulsions

NSPS
Titanium Forming
Extrusion Spent Emulsions

Pollutant or
pollutant property



1975

Table XI-7 (Continued)

.032

.178

.021

.036

.226

.109
10.500

4.700
.073

2.140
3.470

at all times

Maximum for
monthly average

.078

.338

.052

.075

.342

.260
23.700
10.600

.168
3.560
7.300

of 7.5 to -10.0

Maximum for
anyone' day

NSPS
Titanium Forming
Extrusion Press Hydraulic Fluid Leakage

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of titanium
e-xtruded

NSPS
Titanium Forming
Forging Spent Lubricants

There shall be no discharge of process wastewater
pollutants.

Chromium
Copper

*Cyanide
*Lead
Nickel
*Z~nc
*Ammonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

TITANIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS



Table XI-7 (Continued)

TITANIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

mg/off-kg (lb/million off-lbs) of forged titanium
cooled with water

, ..

.018

.100

.012

.020,

.127

.061
5.860
2.640

.041
1.200
1. 950
times

Maximum for
monthly average

10.0 at all

1976

.044

.190

.029

.042

.192

.146
13.300

5.950
.094

2.000
4.100

of 7.5 to

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Pluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

NSPS
Titanium Forming
Forging Contact Cooling Water

Pollutant or
pollutant property



Table XI-7 (Continued)

TITANIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

mg/off-kg (lb/million off-lbs) of titanium
forged

.007

.040

.005

.008

.051

.024
2.350
1.060

.016

.480

.780
timesat all

Maximum for
monthly average

1977

.018

.076

.012

.017

.077

.058
5.330
2.380

.038

.800
1.640

of 7.5 to·lO.O

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

Pollutant or
pollutant property

NSPS
Titanium Forming
Forging Equipment Cleaning Wastewater



1978

There shall be no allowance for the discharge of
process wastewater pollutants.

.182
1.010

.121 '

.202
1. 28'0

.616
59.200
26.700

.414
'12.100
19.700

all times

Maximum for
monthly average-

.445
1. 920

.293

.424
1.940
1.480

135.000
60.100

.950
20.200
41.400

of 7.5 to 10.0 at

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Arnmonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

There shall be no discharge of process wastewater
pollutants.

Table XI-7 (Continued)

TITANIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

mg/off-kg (lb/million off-lbs) of titanium
forged

NSPS·
Titanium Forming
Forging Press Hydraulic Fluid Leakage

Pollutant or
pollutant property

NSPS
Titanium Forming
Tube Reducing Spent Lubricants

NSPS
Titanium Forming
Heat Treatment Contact Cooling Water



Table XI-7 (Continued)

TITANIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.526
2.920

.351

.584
3.710
1.780

171.000
77.100
1.200

35.100
57.000

all times

.038

.208

.025

.042

.264

.127
12.200

5.490
.085

2.500
4.060

at all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

1979

.0'92

.395

.060

.087

.400

.304
27.700
12.400

.196
4.160
8.530

of 7.5 to·lO.O

1. 290
5.550

.847
1. 230
5.610
4.270

389.000
174.000

2.750
58.400

120.000
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

NSPS
Titanium Forming
Surface Treatment Spent Baths

mg/off-kg (lb/mi11ion off-lbs) of titanium
surface treated

Pollutant or
pollutant property

NSPS
Titanium Forming
Surface Treatment Rinse

Pollutant or
pollutant property

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

.mg/off-kg (lb/million off-lbs) of titanium
surface treated



mg/off-kg (lb/mil1ion off-lbs) of titanium
alkaline cleaned

. mg/off-kg (lb/million off-lbs)of titanium
alkaline cleaned

,'1,

.,;..

Maximum for
monthly average

Maximum for
monthly average

.043

.240

.029

.048

.305

.147
14.100

6.340 "
.098

2.880':'
4.680

10.0 at all times'
"

.050

.276:"
• 0'33'"

: • 055'
.351'
';:169'

16.20'0­
7 • 290'

.113
3.310
5.380

10.0 at all times

1980

.106

.456

.070

.101

.461

.351
32.000
14.300

.226
'4.800
9.840

of l.5 to

.122

.525

.080

.116

.530

.403
36.800
16.400

.260
5.520

11. 300
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zfnc
*Anunonia
*Fluoride

Tit'anium
*01'1 and Grease
*TSS

~PH Within the range

NSPS
Titanium Forming
Alkaline Cleaning Spent Baths

Pollutant or
pollutant property

Pollutant or
pollutant property

NSPS
Titanium Forming
Alkaline Cleaning Rinse

Table XI-7 (Continued)

TITANIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

Chromium
Copper

*Cyanide
*Lead'
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

*Oi1 and 'Grease
'*TSS

*pH Within the range



Table XI-7 (Continued)

TITANIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.014

.079

.009

.016

.101

.048
4.630
2.090

.032

.948
1. 540
times

.172

.955

.115

.191
1.210

.583
56.000
25.200

.392
11.500

·18.600
all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

10.0 at

1981

.035

.150

.023

.033

.152

.116
10.600

4.700
.074

i.580
3.240

of 7.5 to

.420
1.820

.277

.401
1.840
1.400

128.000
56.800

.898
19.100
39.200

of 7·.5 to

Maximum for
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Anunonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

NSPS
Titanium, Forming
Molten Salt Rinse

mg/off-kg (lb/million off-lbs) of titanium
tumbled

Pollutant or
pollutant property

mg/off-kg (lbjmillion off-lbs) of titanium
treated with molten salt

NSPS
TitanIum Forming
Tumbling Wastewater

Pol,lutant or
pOllutant 'property

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Anunonia
'*Fluoride

Titanium
*Oil and Grease
*TSS

*pH Within the range



mg/off-kg (lb/million off-lbs) of titanium
sawed or ground with emulsions

There shall be no discharge of process wastewater
pOllutants.

Maximum for
monthly ~verage

'.

.033

.183

.022

.037

.233

.112
10.700

4.830
.075

2.200
3.570

10.0 at all times

1982

.081

.348

.053

.077

.352

.267
24.400
10.900

.172
3.660
7.510

of 7.5 to

Maximum for
anyone day

NSPS
Titanium Forming
Sawing or Grinding Spent Emulsions

Pollutant or
pollutant property

NSPS
Titanium Forming
Sawing or Grinding Spent Neat Oils

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

Table XI-7 (Continued)

TITANIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS



Tab~e XI-7 (Continued)

mg!off-kg (lb/mil1ion off-lbs) of titanium
sawed or ground with contact cooling water

.086

.476

.057

.095
.• 605

.291
27.900
12.600

.195
5.710
9.280

at all times

Maximum for
monthly average

Maximum for
monthly average

.202
1.120

.135

.224
1.420

.683
65.700
29.600

.459
13.500
21.900

10.0 at all times

1983

.493
2.130

.325

.471
2.150
1.640

149.000
66.700
1. 050

22.400
45.900

of 7.5 to

.210

.905

.138

.200

.914

.695
63.500
28.300

.448
9.520

19.500
of 7.5 to ·10.0

Maximum for
anyone day

Maximum for
. anyone day

Chromium
Copper

*Cyanide
*Lead
-Nickel
*Zinc
*Ammonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

Pollutant or
pollutant property

Pollutant or
pollutant property

mg!off-kg (lb/million off-lbs) of titanium
tested with dye penetrant methods

NSPS
Titanium Forming
Sawing or Grinding Contact Cooling Water

TITANIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

NSPS
Titanium Forming
Dye Penetrant Testing Wastewater

Chromium
Copper

*Cyanide
*Lead
Nick~l

*Zinc
*Ammonia
*Fluoride
Titanium

. *Oil and Grease
*TSS

*pH 'Within the range



1984

Table XI-7 (Continued)

.006

.032

.004

.006

.041

.020
1.900

,856
.013
.389
.632

times

Maximum for
monthly average

10.0 at all

.014

.062

.009

.014

.062

.047
4.320
1.930

.031

.648
1.330

of 7.5 to

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range

TITANIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

mg/off-kg (lb/million off-lbs) of titanium
formed

Pollutant or
pollutant property

NSPS
Titanium Forming
Miscellaneous Wastewater Sources

NSPS
Titanium Forming
Degreasing Spent Solvents

There shall be rio discharge of process wastewater
pollutants.



Table XI-7 (Continued)

mg/off-kg (lb/million off-lbs) of titanium
formed

.039

.214

.026

.043

.272

.131
12.600

5.6.50
.088

·2.570
4.180

at ail times

Maximum for
monthly average

1985

.094

.407

.062

.O~O

.411

.313
28.500
12.800

.201
4.280
8.780

of 7.5 to·lO.O

Maximum for
anyone day

NSPS
Titanium Forming
Wet Air Pollution Control Blowdown

Pollutant or
pollutant property

TITANIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

*Oil and Grease
*TSS

*pH Within the range



Table XI-8

Maximum for
monthly average

Maximum for
anyone day

NSPS
Uranium Forming
Extrusion Spent Lubricants

There shall be no discharge of process wastewater
pollutants.

URANIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

1986

*Cadmium .007 .003
*Chromium .013 .005
*Copper .044 .021
*Lead .010 .004
*Nickel .019 .013

Zinc .035 .015
*Fluoride '2.050 .908
*Molybdenum .173 .077
Uranium .148 .108

*Oil and Grease .344 .344
*TSS .516 .413

*pH Within the range of 7.5 to 10.0 at all times

NSPS
Uranium Forming
Extrusion Tool Contact Cooling Water

mg/off-kg (lb/mi~lion off-lbs) of uranium
extruded

Pollutant or
pollutant property

NSPS
Uranium Forming
Forging Spent Lubricants

There shall be no discharge of process wastewater
pollutants.



Table XI-~ (Continued)

URANIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.002

.004.

.017.
~'004

.010.

.011

.718
.• 061
.085
.272
.32.7

times

.003

.005

.019

.004

.012

.013

.827

.070

.098'

.313

.376
timesat all

Maximum for
monthly average

Maximum for
monthly average

10.0.at all

1987

.005

.010

.035

.008

.015

.028
1. 620

.137

.117

.272

.408
7.5 to

.006

.012

.040

.009

.017

.032
1.860

.158

.134

.313

.470
7.5 to·IO.O

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium
*Oil and Grease
*TSS

*pH Within the range of

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum
Uranium

*Oil and Grease
*TSS

*pH Within the range of

mg!off-kg (lb/million off-lbs)of ~ranium
surface treated

mg!off-kg (lb!million off-lbs) of extruded or forged
uranium heat treated

NSPS
Uranium Forming
Surface Treatme~t Spent Baths

NSPS
Uranium Forming
Heat Treqtment Contact Cooling Water

Pollutant or
pollutant property

Pollutant or
pollutant property



Table XI-8 (Continued)

URANIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.027

.051

.206

.044

.125

.142
8.900

.752
1.050
3.370
4.050
times

.0005

.0009

.0035

.0007

.00'21

.0024

.1500

.0127

.0178

.0568

.0682
times

at all

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

1988

.06'7

.125

.432

.094

.186

.344
20.100
1.700
1.450
3.370
5.060

of 7.5 to·IO.O

.0011

.0021

.0073

.0016

.0031

.0058

.3380

.0286

.0244

.0568

.0852
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium
*oil and Grease
*TSS

*pH Within the range

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum
Uranium

*Oil and Grease
*TSS

*pH Within the range

NSPS
Uranium Forming
Surface Treatment Rinse

mg/off-kg (lb/million off-lbs) of uranium
surface treated

Pollutant or
pollutant property

NSPS
Uranium Forming
Sawing or Grinding Spent Emulsions

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of uranium
sawed or ground with emulsions



mg/off kg .(lb/million off-lbs) of sawed or ground
uranium rinsed

NSPS
Uranium Forming
Sawing .or Grinding Contact Cooling Water

.0004

.0007

.0028

.0006

.0017

.0020

.1230

.0104

.0145

.0465­

.0558
times

.013

.025

.101

.022

.061

.069
4.360

.368

.5'15
1.650
1.980
timesat all

Maximum for
monthly average

Maximum for
monthly average

10.0 at pll

1989

.0009

.0017

.0060

.0013

.0026

.0048

.2770­

.0234

.0200

.0465

.0698
of 7.5 to

.033

.061

.211

.046

.'091

.169
9.820

.830

.708
1.650
2.480

of 7.5 to-10.0

Maximum for
anyone day

Maximum for
any one day

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum
Uranium

*Oil and Grease
*TSS

*pH Within the range

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium
*Oil and Grease
*TSS

*pH Within the range

Table XI-8 (Continued)

URANIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

NSPS
Uranium Forming
Sawing or Grinding Rinse

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of uranium
sawed or ground with contact cooling water

Pollutant or
pollutant property



1990

There shall be no discharge of proces~ wa~tewater

pollutants.

.003

.006

.026

.006

.016

.018
1.130

.096

.134

.429

.515
times

Maximum for
monthly average

10.0 at all

.009

.016

.055

.012

.024

.044
2.550

.216

.184

.429

.644
7.• 5 to

Maximum for
anyone day

*Cadmium
*Chromium
*copper
*Lead
*Nickel
zinc

*Fluoride
*Molybdenum

Uranium
*Oi1 and Grease
*TSS

*pH Within the range of

Table XI-8 (Continued)

. URANIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

NSPS
Uranium Forming
Area Cleaning Washwater

mg/off-kg (lb/million off-lbs)·of uranium
formed

Pollutant or
pollutant property

NSPS'
Uranium Forming
Degreasing Spent Solvents



Table XI~8 (Continued)

URANIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

mg/off-kg (lb/million off-lbs) of uranium
surface treated

.0003

.0005

.0021

.0005

.0013

.0015

.0922

.0078

.0109

.0349

.0419
times

.004

.007

.027

.006

.016

.019
1.170

.099

.138

.443

.532
times

Maximum for
moni:hly average

Maximum for
monthly average

10.0 at all

10.0 at all

1991

.009

.016

.057

.012

.024

.045
2.640

.223

.190
,.443
.665
7.5 to

.0007

.0013

.0045

.0010

.0019

.0036

.2080
'.0176
.0150
.0349
.0524

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
*Chromiurn
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium
*Oil and Grease
*TSS

*pH Within the range of

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium
*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of uranium
formed

Pollutant or
pollutant property

NSPS
Uranium Forming
Wet Air Pollution Control Blowdown

NSPS
Uranium Forming
Drum Washwater

Pollutant or
pollutant property



Table XI-8 lContinued)

URANIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

2.100
3.930

16.000
3.410
9.700

11. 000
692.000

58.400
81.800

262.000
315.000

all times

Haximum for
monthly average

Maximum for
anyone day

5.240
9.700

33.600
7.340

14.400
26.700

1,560.000
132.000
113.000
262.000
393.000

Within the range of 7.5 to 10.0 at

NSPS
Uranium Forming
Laundry
Washwater

mg/employee-day uranium formed

Pollutant or
pollutant property

1992

Cadmium
Chromium
Copper
Lead
Nickel
Zinc
Fluoride
Molybdenum
Uranium
Oil and Grease
TSS

*pH



Table XI-9

ZINC FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.008

.033

.004

.020

.023

.536

.643
times

.0002

.0009

.0001

.0005

.0006

.0139

.0167
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

1993

.020

.069

.011

.030

.055

.536

.804
7.5 to 10.0 at all

.0005

.0018

.0003

.0008

.0014

.0139

.0209
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc
*Oi1 and Grease
*TSS

*pH Within the range of

*Chromium
*Copper
*Cyanide
Nickel

*Zinc
*011 and Grease
*TSS

*pH within the range

mg/off-kg (lb/million off-lbs) of zinc
rolled with contact cooling water

There shall be no discha~ge of process wastewater
pollutants.

mg/off-kg(lb/million off-lbs) of zinc
rolled with emulsions

Pollutant or
pollutant property

NSPS
Zinc Forming
Rolling Contact Cooling Water

NSPS
Zinc Forming
Rolling Spent Neat Oils

NSPS
Zinc Forming
Rolling Spent Emulsions

Pollutant or
pollutant property



Table XI-9 (Continued)

ZINC FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.008

.031

.004

.019

.021

.505

.606
times

.0009

.,0035

.0005

.0022

.0024,
,.0580
.0696

all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

10.0 at all

1994

.019

.065

.010

.028
,.052
.505
.758
7.5 to

.0022

.0074

.00i2

.0032

.0059

.0580

.0870
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

Within the range

Grease

*Chromium
*Copper
*Cyanide
Nickel

*Zinc
*Oil and
*TSS

*pH

*Chromitim
*Copper
*Cyanide
Nickel

*Zinc
*Oil and Grease
*TSS

*pH Within the range of

mg/off-kg (lb/million off-lbs) of zinc cast
by the direct chill method

mg/off-kg (lb/million off-lbs) of zinc
drawn with emulsions

NSPS
Zinc Forming
Drawing Spent Emulsions

Pollutant or
pollutant property

NSPS .
Zinc Forming
Direct Chill Casting Contact Cooling Water

Pollutant or
pollutant property



Table ~I-9 (Continued)

ZINC FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.012

.047

.006

.028

.032

.763

.916
times

.013

.054

.007

.033

.037

.887
1.070
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

1995

.033

.114

.018

.049

.091

.887
1. 330

of 7.5 to 10.0 at all

.028

.098

.015

.042

.078

.763
1.150

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc
*Oil and Grease
*TSS

*pH Within the range

*Chromium
*Copper
*Cyanide
Nickel

*Zinc
*Oil and Grease
*TSS

*pH Within the range

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of zinc
heat treated

NSPS
Zinc Forming
Stationary Casting Contact Cooling Water

NSPS
Zinc Forming
Heat Treatment Contact Cooling Water

mg/off-kg (lb/million off-lbs) of zinc
surface treated

NSPS
Zinc Forming
Surface Treatment Spent Baths

Pollutant or
pollutant property

Pollutant or
pollutant property



Table XI-9 (Continued)

ZINC FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

mg/off-kg (lb/million off-lbs) of zinc
alkaline cleaned

.054

.219

.029

.133

.151
3.580
4.300
times

.0005

.0022

.0003

.0013

.0015

.0355

.0426
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

10.0 at all

1996

.133

.458

.072

.197

.365
3.580
5.370

of 7.5 to

.0013

.0046

.0007

.0020

.0036

.0355

.0533
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc
*Oil and Grease
*TSS

*pH Within the range

*Chromiuin
*Copper
*Cyanide
Nickel

*Zinc
*Oil and Grease
*TSS

*pH Within the range

NSPS
Zinc Forming
Surface Treatment Rinse

Pollutant or
pollutant property

NSPS
Zinc Forming
Alkaline Cleaning Spent Baths

mg/off-kg (lb/million off-lbs) of zinc
surface treated

Pollutant or
pollutant property



Table XI-9 (Continued)

ZINC FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.004

.015

.002

.009

.010

.238

.286
times

.254
1.030

.135

.626

.710
16.900
20.300

all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

.009

.031

.005

.013

.024

.238

.357
7.5 to 10.• 0 at all

1997

..,',:

.626
2.170

.338

.930
1.730

16.900
25.400

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc
*Oil and Grease
*TSS

*pH . within the range of

NSPS
Zinc Forming
Alkaline Cleaning Rinse

mg!off-kg (lb!million·off-lbs) of zinc
sawed or ground with emulsions

mg/off-kg (lb/million off-lbs) of zinc
alkaline cleaned

NSPS
Zinc Forming
Sawing or Grinding Spent Emulsions

Pollutant or
pollutant property

Pollutant or
pollutant property

*Chromium
*Copper
*Cyanide
Nickel

*zinc
*Oil and Grease
*TSS

*pH Within the range



Table XI-9 (Continued)

ZINC FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.034

.140

.018

.085

.096
2.290
2.750
times

Maximum for
monthly average

10.0 at all

Maximum for
any one· day

1998

*Chromium .085
*copper- .293
*Cyanide .046
Nickel .126

*Zinc .234
*Oil and Grease 2.290
*TSS 3.440

*pH Withintherange'of 7.5 to

mg!off-kg (lb!mill~on off-lbs) of zinc
electrocoated

NSPS
Zinc Forming
Electrocoating Rinse

NSPS
Zinc Forming
Degreasing Spent Solvents

There shall be no discharge of process wastewater
pollutants.

Pollutant or
pollutant property



Table XI-IO

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY.
NEW SOURCE PERFORMANCE STANDARDS

Maximum for
monthly average

.043

.237

.029

.047

.301

.145
13.900

6.260
3.300
2.850
4.620

10.0 at all times

1999

.104

.451

.069

.100

.455

.346
31.600
14.100

6.830
4.740
9.720

of 7.5 to

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
zinc

*Ammonia
*Fluoride

zirconium
*Oil and Gr·ease
*TSS

*pH Within the range

mg!off-kg (lbjmil1ion off-lbs) of zirconium-hafnium
extruded

NSPS
Zirconium-Hafnium Forming
Extrusion Spent Lubricants

There shall be no discharge of process wastewater
pollutants.

NSPS
Zirconium-Hafnium Forming
Extrusion Press Hydraulic Fluid Leakage

Pollutant or
pollutant property

NSPS
Zirconium-Hafnium Forming
Drawing Spent Lubricants

There shall be no discharge of process wastewater
pollutants.

NSPS
Zirconium-Hafnium Forming
Rolling Spent Neat Oils

There shall be no discharge of process wastewater
pollutants.



Table XI-10 (Continued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.006

.034

.004

.007

.044

.021
2.010

.906

.477

.412

.669
times10.0 at all

2000

.015

.065

.010

.014

.066

.050
4.570
2.040

.988

.686
1.410

of 7.5 to

There shall be no discharge of process wastewater
pollutants.

NSPS
Zirconium-Hafnium Forming
Swag~ng Spent Neat Oils

There shall be no discharge of process wastewater
pollutants.

NSPS
Zirconium-Hafnium Forming
Tube Reducing Spent Lubricants

NSPS
Zirconium-Hafnium Forming
Heat Treatment Contact Cooling Water

*Chromium
Copper

*Cyanide. '
Lead

*Nickel
Zinc

*Arnrnonia
*Fluoride

Zirconium
*Oil and Grease
*TSS .

*pH Within the range

Pollutant or Maximum for Maximum for
pollutant property anyone day monthly average

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
heat treated



Table XI-10 (Continued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

Maximum for
monthly average

Maximum for
monthly average

.160

.888

.107

.178
1.130

.542
52.100
23.500
12.400
10.700
17.300

10.0 at all times

.061

.340

.041

.068

.432

.208
19.900
8.980
~.730

4.080
6.630

10.0 at all times

2001

.391
1.690

.258

.373
1. 710
1. 300

119.000
52.900
25.600
17.800
36.400

of 7.5 to

.150

.646

.099

.143

.653

.497
45.300
20.300
9.790
6.800

14.0'00
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium
*Oil and Grease
*TSS

*pH Within the. range

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Arnmonia
*Fluoride

Zirconium
*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
surface treated

NSPS
Zirconium~Hafnium Forming
Surface Treatment Spent Baths

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
surface treated

NSPS
Zirconium-Hafnium Forming
Surface Treatment Rinse

Pollutant or
pollutant property

Pollutant or
pollutant property



Table XI-I0 (Continued)

ZIRCONIU~-HAFNIUM SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.565
3.140

.377

.628
3.990' .
1.920

184.000
82.900
43.700
37.700
61.300

all times

.288
1.600

.192

.320
2.030

.976
93.800
42.300
22.300
19.200
31.200

at all times

Maximum for
monthly average

Maximum for
monthly average

.704
3.040

.464

.672
3.070
2.340

213.000
95.200
46.100
32.000
65.600

of 7.5 to 10.0

Maximum for.
anyone day

Maximum for
anyone dC1-Y

2002

1.380
5.970

.911
1. 320
6.030
4.590

419.000
187.000

. 90.500
62.800

129.000
raQge of 7.5 to 10.0 at

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium
*Oil and Grease
*TSS

*pH Within the

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium
*Oil and Grease
*TSS

*pH Within the range

NSPS
Zirconium-Hafnium Forming
Alkaline Cleaning Spent Baths

NSPS
Zirconium-Hafnium Forming
Alkaline Cleaning Rinse

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
alkaline cleaned

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
alkaline cleaned

Pollutant' or
pollutant property

Pollutant or
pollutant property



Table XI-Io (Continued)

mg/off-kg (lb/million off-Ibs) of zirconium-hafnium
treated with molten salt

Maximum for
monthly average

Maximum for
monthly average

.. ."'.136
.756
.091
.~ 151
.960
.461

44.300
20.000
10.500
9~070

14.800
10.0 at all times

.051

.281

.03.4

."056

.357

.172
16.500

7.420
3.910
3.370
5.480

10.0 at all times

2003

.124

.534

.082

.118

.540

.410
37.500
16.700

8.090
5.620

11.500
of 7.5 to

.333
1.440

".219
.318

1. 450
1.110

101. 000
45.000
21.800
15.100
31"000

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium
*Oil ar.~ Grease
*TSS

*pH Within the range

NSPS
Zirconium-Hafnium Fo~ming

Molten Salt Rinse

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

Pollutant or
pollutant property

mg/off-kg (lb/mi11ion off-lbs) of zirconium-hafnium
sawed or ground with emulsions

NSPS
Zirconium-Hafnium Forming
Sawing or Grinding Spent Emulsions

Pollutant or
pollutant property

*Chromium
Copper

*Cyanide
Lead

*Nicke1
Zinc

*Ammonia
*Fluoride

Zirconium
*Oil and Grease
*TSS .

*pH Within the range



Table XI-I0 (Continued)

mg/off-kg (lb/mi11ion off-lbs) of sawed or ground
zirconium-hafnium rinsed

.058

.321

.039

.064

.408

.196
18.800

8.480
4.460
3.850
6.260

at all times

Maximum for
monthly average

Maximum for
monthly average

.032

.180

.022

.036" .

.229

.110
10.600

4.750
2.500
2.160
3.510

10.0 at all times

2004

.141

.610

.093

.135

.617

.469
42.800
19.100

9.250
6.420

13.200
of 7.5 to 10.0

.079

.342·

.052

.076

.346

.263
24.000
10.700

5.190
3.600
7.380

of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium
*Oil and Grease
*TSS

*pH Within the range

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium
*Oil and Grease
*TSS

*pH Within the range

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

NSPS
Zirconium-Hafnium Forming
Sawing or Grinding Contact Cooling Water

Pollutant or
pollutant property

NSPS
Zirconium-Hafnium Forming
Sawing or Grinding Rinse

mg/off kg (lb/million off Ibs) of zirconium hafnium
sawed or ground with contact cooling water

Pollutant or
pollutant property



2005

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
tested

Maximum for
monthly average

.003

.015
,.002
'.003
",,~. 020

.009

.903

.407

.'214

.185

.301
10.0 at all times

0007
.029
.004
.006
.030
.023

2.050
.917
.444
.308
.632
7.5 to

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium
*Oil and Grease
*TSS

*pH Within the range of

There shall be no discharge of process wastewater
polltants.

Table XI-IO (Continued ),~

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

There shall be no discharge of process wastewater
·pollutants.

There shall be no allowance for the discharge of process
wastewater POl\utants.

NSPS
Zirconium-Hafnium Forming
Inspection and Testing Wastewater

NSPS
Zirconium-Hafnium Forming
Degreasing Rinse

NSPS
Zirconium-Hafnium Forming
Wet Air Pollution Control Blowdown

Pollutant or
pollutant property

NSPS
Zircinium-Hafnium Forming
Degreasing Spent Solvents



Table XI-ll

METAL POWDERS SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.079

.440

.053

.088

.559

.269
1.410· .

.269
5.280
8.580
times

.907
5.040

.605
1.010
6.400
3.080

16.100
3.080

60.500
98.300

all times

Maximum for
monthly average

Maximum for
monthly average

10.0 at

10.0 at all

2006

.194

.836

.128

.185

.845

.643
2.830

.528
8.800

18.100
of 7.5 to

2.220
9.580
1.460
2.120
9.680
7.360

32.400
6.050

101.000
207.000
of 7.5 to

Maximum for
anyone day

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

*Oil and Grease
*TSS

*pH Within the range

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

*Oil and Grease,
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of powder
wet atomized

mg/off-kg (lb/million off-lbs) of powder metallurgy
parts tumbled, burnished, or cleaned

NSPS
Metal Powders
Metal Powder Production Atomization Wastewater

NSPS
Metal Powders
Tumbling, Burnishing, or Cleaning Wastewater

Pollutant or
pollutant property

Pollutant or
pollutant property



Table XI-l1 (Continued)

METAL POWDERS SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

.003

.018

.002

.004

.023

.011
".058
-.01.1.
.217
.353

times

Maximum f.O.~",

monthly average

10.0 at all

2007

.008

.034

.005

.008

.035

.026

.117

.022

.362

.742
7.5 to

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

*Oil and Grease
*TSS

*pH Within the range of

There shall be no discharge of process wastewater
pollutants.

NSPS
Metal Powders
Sawing or Grinding Spent Neat Oils

mg/off-kg (lb/million off-lbs)of powder metallurgy
parts sawed or ground with emulsons

NSPS
Metal Powders
Sawing or Grinding Spent Emulsions

Pollutant or
pollutant property



2008

Table XI-II (Continued)

.292
1.620

.195

.324
2.060

.988
5.190

.988
19.500
31.600

all times

Maximum for
monthly average

.713
3.080

.470

.681
3.110
2.370

10.400
1.950

32.400
66.400

of ,7 ~ 5-: ~o'10. 0 at

Maximum for
anyone day

There shall be no discharge of process wastewater
pollutants.

METAL POWDERS SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

*Oil and Grease
*TSS

*pH Within the range

NSPS
Metal Powders
Sawing or Grinding Contact Cooling Water

mg/off-kg (lb/mil1ion off-lbs) of powder metallurgy
parts sawed or ground with contact cooling water

NSPS
Metal Powders
Sizing Spent Neat Oils

Pollutant or
pollutant property



mg/off-kg (lb/mil1ion off-lbs) of powder metallurgy
parts steam treated

NSPS
Metal Powders
Steam Treatment We.t Air Pollution Control Blowdowrt

.003

.015

.002

.003
, .019
.009
.047
.009
.175
.285

times

.014

.079

.010
'.016
.101
.048
.254
.048
.951

1.550
times

Maximum for
monthly average

Maximum for
monthly average

10.0 at all

2009

.035

.151

.023

.033

.152

.116

.509

.095
1.590
3.250

of 7.5 to

Maximum for
anyone day

Maximum for
"'ahyone .. day

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

*Oil and Grease
*TSS

*pH Within the range

Chromium .006
*Copper .028
*Cyanide .004
*Lead " , . , • (to 6
Nickel .~28

zi'i1'8""" . •021
Al'umi'rmm .094
Iron .018

*Oil and Grease .292
*TSS .599

, *pif:" Within the ran9~ of 7.5 to 10.0 at all

pollutant' or "... ,
pollutant prop~iiy

Table XI-II (Continued)

METAL POWDERS SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

mg/off-kg (lb/million off-lbs) of powder
sized '

Pollutant or. .
pollutant property

NSPS
Metal Powders
Sizing Spent Emulsions



Table XI-ll (Continued)

.159

.880

.106

.176
1.120

.537
2.820

.537
10.600
17.200

all times

Maximum for
monthly average

10.0 at

2010

.387
1.670

.255

.370
1.690
1. 290
5.660
1.060

17.600
36.100

of 7.5 to

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

*Oil and Grease
*TSS

*pH Within the range

mg/off-kg (lb/million off-lbs) of powder
cooled after pressing

METAL POWDERS SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

NSPS
Metal Powders
Oil-Resin Impregnation Spent Neat Oils

There shall be no discharge of process wastewater
pollutants.

NSPS
Metal Powders
Degreasing Spent Solvents

There shall be no discharge of process wastewater
pollutants.

NSPS
Metal Powders
Hot Pressing Contact Cooling Water

Pollutant or
pollutant property



Table XI-ll (Continued)

METAL POWDERS SUBCATEGORY
NEW SOURCE PERFORMANCE STANDARDS

1.420
7.900

.948
1.580

10.100
4.820

25.300
4.820

94.800
154.000

all times

Maximum for
monthly average

10.0 at

2011

- 3.480
15.000

2.290
3.320

15.200
11.600
50.800
9.480

158.000
324.000
of 7.5 to

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

*Oil and Grease
*TSS

*pH Within the range

NSPS
Metal Powders
Mixing Wet Air Pollution Control Blowdown

mg/off-kg (lb/million off-lbs) .of powder
mixed

Pollutant or
pollutant property



.-
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SECTION XII

the treatment and control technology for
wastewaters from existing sources and new

mass discharge limitations of regulated
and new sources, based on the described

PRETREATMENT STANDARDS

INTRODUCTION OF NONFERROUS METALS FORMING WASTEWATER INTO POTW

There are 121 plants in the nonferrous metals forming ~ndustry
which discharge to a POTW. The plants that may be affected by
pretreatment standards represent about 77 percent of the nonfer­
rous metals forming plants which discharge wastewater and approx­
imately 36 percent of the entire category.

Section 307(b) of the Clean Water Act requires EPA to promulgate
pretreatment standards for existing sources (PSES). These
standards must be achieved within three years of promulgation.
PSES are designed to prevent the discharges of pollutants which
pass through, interfere with, or are. otherwise incompatible with
the operation of publicly owned treatment works (POTW). The
Clean Water Act of 1977 adds a new dimension by requiring pre­
treatment for pollutants, such as heavy metals, that limit POTW
sludge management alternatives~ including the beneficial use of
sludg~s on agricultural lands. The legislative history of the
1977 Act indicates that pretreatment standards are to be technol­
ogy based, analogous to the best available technology for remqval
of priority pollutants.

Section 307(c) of the Act requires EPA to promulgate pretreatment
standards for new sources (PSNS) at the same time that it promul­
gates NSPS. New indirect discharge facilities, like new direct
discharge facilities, have the opportunity to incorporate the
best available demonstrated technologies, including process
changes, in-plant controls, and end-of-pipe treatment technolo­
gies, and to select a plant site that allows installation of an
adequate treatment system.

General Pretreatment Regulations for' Existing and New Sources of
Pollutants were published in the Federal Register, 'Vol. 43, No.
123, Monday, June 26, 1978 and amended on January 28, 1981 (46 FR
9404). They app~ar in 40 CFR Part 403. These regulations
describe the Agency's ,overall policy for establishina and enforc­
ing pretreatment standards fo~ new and existing users of a POTW
and delineate the responsibilities and deadlines applicable to
each party in this effort. 40 CFR 403.5(b) outlines prohibited
discharges which apply to all users of a POTW.

This section describes
pretreatment of process
sources, and presents
pollutants for existing
control technology.

Pretreatment standards are established to ensure removal of
pollutants which interfere with, pass through, or are otherwise
incompatib~e with a POTW. A determination of which pollutants



may pass through or be incompatible with POTW operations, and
thus be subject to pretreatment standards, depends on the level
of treatment employed by the POTW. In general, more pollutants
will pass through or interfere with a POTW employing primary
treatment (usually physical separation by settling) than one
which has installed secondary treatment (settling plus biological
treatment).

Many of the pollutants contained in nonferrous metals forming
wastewaters are not biodegradable and are, therefore, ineffec­
tively treated by biological treatment systems. ~urthermore,

these pollutants have been shown to pass through or interfere
with the normal operations of these systems. Problems associated
with the uncontrolled release of pollutant parameters identified
in nonferrous metals forming process wastewater to POTW were
discussed in Section VI. The discussion covered pass through,
interference, and sludge useability.

The Agency based the selection of pretreatment standards for the
nonferrous metals forming category on the minimization of pass
through of priority pollutants at POTW. For each subcategory,
the Agency compared removal rates for each priority pollutant
limited by BAT to the national average removal rate for that
pollutant at well-operated POTW achieving secondary treatment.
The POTW removal rates were determined through a study conducted
by the Agency at over 40 POTW and a statistical analysis of the
data. (See Fate of Priority Pollutants in Publicly Owned Treat­
ment Works, Final Report, EPA 440/1-82/303, September 1983: and
Determining National Removal Credits for Selected Pollutants for
Publicly Owned Treatment Works, EPA 440/2-82-008, September
1982.) The POTW removal rates of the major priority pollutants
found in nonferrous metals forming wastewater are presented in
Table XII-I.

The national average percentage of the priority metals removed by
a well-operated POTW meeting secondary treatment requirements ~s

about 50 percent (varying from 20 to 70 percent), whereas the
percentage that can be removed by a nonferrous metals forming
indirect discharger applying the best available technology
economically achievable is about 90 percent. Accordingly, these
pollutants pass through a POTW. Specific percent removals for
the PSES technology are shown in Table XII-2. The pretreatment
options selected provide for significantly more removal of
priority pollutants than would occur if nonferrous metals forming
wastewaters were discharged untreated to POTW. Thus, pretreat­
ment standa~ds will control the discharge of priority pollutants
to POTW and prevent pass-through.

TECHNICAL APPROACH TO PRETREATMENT

The pretreatment options for existing sources and new sources are
identical to the options considered for BAT and NSPS which are
discussed in Sections X and XI of this document.

Treatment technologies and controls employed for the pretreatment
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options are:

Pretreatment Option 1 is based on:

Oil skimming,
Lime and settle (chemical precipitation of metals followed

by sedimentation),
pH adjustment; and, where required,
Iron co-precipitation,
Chemical emulsion breaking,
AIDmon~a steam stripping,
Cyanide removal, and Hexavalent chromium reduction.

Pretreatment Option 2 is based on:

Pretreatment Option 1, plus process wastewater flow minimi­
zation by the following meth09s:

Contact cooling water recycle through cooling tower~ or
holding tanks.
Air pollution control scrubber liquor recycle.
Countercurrent cascade rinsing or other water efficient
methods applied to surface treatment rinses and alkaline
cleaning rinses.
Use of periodic batch discharges or decreased flow rate
for molten salt rinsewater.
Recycle of equipment cleaning wastewater, tumbling,
burnishing, and cleaning wastewater, and other wastewater
streams through holding tanks with suspended solids
removal, if necessary.

Pretreatm~nt Option 3 is based on:

Pretreatment Option 2, plus multimedia filtration at the end
of the Pretreatment Option 2 treatment train.

PSES AND PSNS OPTION SELECTION

The Agency is promulgating PSES for each of the· nonferrous
forming subcategories on the same technology basis as BAT except
for the uranium, zinc, and refractory metals subcategories. The
options selected as the technology basis for PSES and PSNS are
summarized in Table XII-3. In the nonferrous metals forming
category, the Agency has concluded that the regulated metal
priority pollutants, ammonia, fluoride, and molybdenum pass
through the POTW. A study of 40 well-operated POTW with biologi­
cal treatment that are meeting secondary treatment criteria
showed that regulated metals are typically removed at rates
varying from 20 to 70 percent. POTW with only primary treatment
have even lower rates of removal. In contrast, BAT level treat~

ment by nonferrous metals forming industrial facilities can
achieve removals of these pollutants of approximately 90 percent
(see Table XII-2). Thus it is evident that metals from this
category do pass through POTW. Many of the pollutants present 'in
nonferrous metals forming waste stream?, at sufficiently high
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concentrations, can also inhibit biodegradation in POTW opera­
tions. In addition, a high concentration of toxic pollutants in
the sludge can limit POTW use of sludge management alternatives,
including the beneficial use of sludges on agricultural lands.
Pass-through and concentration in POTW sludges are discussed in
detail in Section VI for each priority pollutant (organics and
metals) that was consider'ed for regulation under pretreatment
standards.

EPA is excluding the uranium forming subcategory from PSES
because there are no existing indirect dischargers in the uranium
forming subcategory. In addition, EPA is not promulgating any
categorical PSES for zinc forming on the basis of available
information, it appeared that the economic impact of pretreatment
standards based on any available technology option would be
disproportionate for this subcategory. However, these plants are
still subject to the general pretreatment requirements.

PSES for the refractory metals subcategory is promulgated based
on the model end-of-pipe treatment technology of lime and settle
with in-process controls to reduce wastewater flows (Pretreatment
Option 2). The Agency has decided not to include a filter in the
model PSES technology for this subcategory because, based on the
processes at existing refractory metal indirect dischargers, EPA
estimates that 169,000 kg/yr (371,000 lb/yr) of pollutants,
including 250 kg/yr (550 lb/yr) of toxic pollutants, will be
removed after the installation of Option 2 technology at a cost
of $1.54 million in capital investment arid $0.7 million annually
above equipment in place (1982 dollars). The addition of filtra­
tion would only remove an additional 9 kg/yr (20 lb/yr) of toxic
pollutants (approximately 0.4 kg/yr (0.9 lb/yr) of toxic pollu­
tants per plant), while the incremental cost of filters for
refractory metal indirect dischargers is $97,500 in capital
investment and $57,200 in annual costs (1982 dollars). These
costs are significantly greater than the cost that will be
incurred by existinQ direct dischargers.

Section 307(c) of the Act requires EPA to promulgate pretreatment
standards for new sources (PSNS) at the same time that it promul­
gates NSPS. New indirect dischargers will produce wastes having
the same pass through problems as described for existing dis­
chargers. In selecting the technology, basis for PSNS, the Agency
compared the priori~v pollutant removals achieved by a well­
operated POTW to that achieved ,by a direct discharger meeting
NSPS. New indirect dischargers, like new direct dischargers,
have the opportunity to incorporate the best available demon­
strated technologies including process changes, in-plant con­
trols, and end-of-pipe treatment technologies, and to select a
plant site that allows installation of an adequate treatment
system.

EPA is promulgating mass-based PSNS for all subcategories to
assure that the identified flow reduction technologies are
considered in new plant designs. In addition, EPA is issuing
PSNS for the zinc forming and uranium forming subcategories for
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which BAT and NSPS, but not PSES, are promulgated.

The technology basis for the promulgated PSNS is identical to
NSPS. As discussed under PSES, pass thro~gh of the regulated
pollutants will occur without-ade~~ate pretreatment and, there­
fore, pretreatment standards are required. The Agency did not
identify any economically feasible, demonstrated technology that
removes significantly more pollutants than this technology. The
subcategories which have more stringent requirements for new
sources than for existing sources are magnesium forming, refrac­
tory metals forming, and metal powders.

The Agency believes that compliance costs could be lower for new
sources than the cost estimates for equivalent existing sources,
because production processes can be designep on the basis of
lower flows and there will be no costs associated with retrofit­
ting the in-process controls. Therefore, new sources regardless,
of whether they are plants with major modifications, or greenfield
sites, will have costs that are not greater than the costs that
existing sources will incur in achieving equivalent pollutant
discharge reduction. Based on this the Agency believes the PSNS
do not pose a barrier to entry. Therefore, the selected PSNS is
appropriate for both greenfield sites and existing sites undergo­
ing major modifications (e.g., a primary zinc pl~nt which
installs a rolling operation). ~

Costs and Environmental Benefits of Treatment Options

As a means of evaluating the economic achievability of each of
these options for PSES, the Agency developed es~imates of the
compliance costs and benefIts. Estimates of capital and annual,
costs for the pretreatment options were prepared for each s~bcat­

egory as an aid in choosing the best pretreatment . option.:' . The
cost estimates for indirect dischargers are presented in Table
XII-4.

The cost methodology has been described in detail' in Section
VIII. The benefit methodology has been described in detail in
Section X. The pollutant reduction benefit estimates for eight
subcategories are presented in Tables XII-S through XII-12.

REGULATED POLLUTANT PARAMETERS

The same pollutants selected for regulation at BAT have been
selected for regulation under the pretreatment standards for each
of the eight subcategories regulated under PSES and each of the
10 subcategories regulated under PSNS. The selection process and
pollutants selected for regulation are given in detail in Sec­
tions VI and X.

PRETREATMENT STANDARDS

PSES for this category are expressed in terms of mass per unit of
production (mass-based) rather than concentration standards.
Regulation on the basis of concentration is not appropriate for

2017



this category because flow reduction is a significant part of the
model technology for pretreatment. Therefore, the Agency is not
proposing concentration-based pretreatment standards (40 CFR Part
403.6) for this category.

The regulatory production normalized flows for PSES are equiva­
lent to BAT flows. The regulatory production normalized flows
for PSNS are equivalent to the NSPS flows.

The selected PSES and PSNS options for each sUbcategory are based
on the treatment effectiveness values presented in Table VII-21.
The mass of pollutant allowed to be discharged per mass of
product is calculated by mUltiplying the appropriate effective­
ness value (one-day maximum and lO-day average values) (mg/1) by
the production no.rmalized flow (l/kkg). The PSES values are
presented for each of the eight subcategories for which PSES are
promulgated in Tables XlI-l3 through XII-20. The PSNS values are
presented for all 10 subcategories in Tables XII-21 through XII-
30. .

Section 307(b)(I) of the Clean Water Act requires that the date
for compliance with PSES be no more than three years from the
regulation's final promulgation date. Few of the 121 indirect
dischargers in this category have installed and are properly
operating the model treatment technologies that are the basis for
PSES. The readjustment of internal processing conditions to
achieve reduced wastewater flows may require further time above
installation of end-of-pipe treatment equipment. Many plants in
this and other industries also will be installing the treatment
equipment suggested as model technologies for this regulation
which may result in delays in engineering, ordering, installing.,
and operating this equipmento Under these circumstances, the
Agency believes that three years is the appropriate compliance
deadline under Section 307<.b)(1) of the Clean Water Act.
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Table XII-l

POTW REMOVALS OF THE TOXIC POLLUTANTS FOUNO
IN NONFERROUS METALS FORMING WASTEWATER

NA
NA
78

; 'NA:
-50
'87

> ,~ ~-"i6'

NA:
89
61
NA
'80
59
NA
NA
84
NA
58,
NA
NA
61
NA
NA
NA
NA
NA
NA
59
96
62
59
48
81

·50
NA
NA
NA
NA
NA
65
83
NA
65
NA

Percent Removal by
'Secondary POTW

2019

Pollutant

1. Acenapthene
2. Acrolein
4. Benzene
5. Benzidene
6. Carbon Tetrachloride

11. l,l,l-Trichloroethane
13. 1,1-Oichloroethane
15. 1,1, 2, 2-Tetrachloroethane
22. p-Chloro-m-Cresol
23. Chloroform
28. 3,3'-Oichlorobenzidene
29. l,l-Oichloroethylene
34. 2,4-0imethylphenol
35. 2,4-0initrotoluene
36. 2,6-0initrotoluene
38. Ethylbenzene
39. Fluoranthene
44. Methylene Chloride
45. Methyl Chloride
51. Chlorodibromomethane
55. Naphthalene
56. Nitrobenzene
57. 2-Nitrophenol
58. 4-Nitrophenol
60. 4,6-0initro-o-cresol
62. N-Nitrosodiphenylamine
63. N-Nitrosodi-n-propylamine
64. Pentachlorophenol
65. Phenol
66. Bis(2-Ethylhexyl) Phthalate
67. Butyl Benzyl Phthalate
68. Di-n-Butyl Phthalate
69. Di-n-Octyl Phthalate
70. Oiethyl Phthalate
72. 1,2-Benzanthracene
73. Benzo(a)pyrene
74. 3,4-Benzofluoranthene
76. Chrysene
77. Acenaphthalene
78. Anthracene
79. 1,12-Benzoperylene (Benzo(ghi)perylene)
80. Fluorene
81. Phenanthrene
82. 1,2,5,6-0ibenzanthracene
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Table XII-l (Continued)

NA
40
81
90
85
60
65
NA
38
18
NA
58
52
41
48
19
46
66
NA
65

Percent Removal by
Secondary POTWPollutant

Indeno(1,2,3-cd)pyrene
pyrene
Tetrachloroethylene
Toluene
Trichloroethylene
Antimony
Arsenic
Beryllium
cadmium
Chromium, hexavalent
Chromium; trivalent
Copper
Cyanide
Lead
Mercury
Nickel
Selenium
Silver
Thallium
Zinc

POTW REMOVALS OF THE TOXIC POLLUTANTS FOUND
IN NONFERROUS METALS FORMING WASTEWATER

83.
84.
85.
86.
87.

114.
115.
117.
118.
119.

120.
121­
122.
123.
124.
125.
126.
127.
128.

NA = Not Available.

NOTE: This data compiled from Fate of priority Pollutants in
Publicly Owned Treatment Works, USEPA, EPA No. 440/1-80­
301, October 1980.
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Table XII-2 . :;~; ....

POLLUTANT REMOVAL PERCENTAGES FOR BAT OR )'SES MOOEG.TECHNOLOGY BY SUBCATEGORY
" .

Lead- Nickel- Precious Refractory Zirconium- Meta 1
Pollutant POTW Tin-Bismuth Magnesium Cobalt Metals Metals Titanium Uranium Zinc· Hafnium Powders

Aluminum NA 47.5
Ammonia NA (A)

';,l;
(A) (A)

Antimony NA 57.5
Cadmium 38 98.5 96.9' 83.6
Chromium 65 100.0 99.8 91.9 86.1 94.7 0 87.5 0
Columbium NA 99.7
Copper 58 97.7 93.1. 38:.1 0 78.7 0 93.4
Cyanide 52 (A) .- .... (A) (A) (A) (A)

Fluoride NA 34:8 97.4 00 95.3 , , 99.5 88.8
Hafnium NA

~:
(B)

Gold NA -- (8)
.,~

I ron NA 97.8

l\,)
Lead 48 99.7 88.8 39.1 b 97.6 99.6 (C) 93.2

0 Magnesium NA 100.0 --
l\,) Molybdenum NA 99.9
I-' Nickel 19 99.9 0 95.5 9 57.7 93.9 (A) 0

Silver 66 72.9 (C)
Tantalum NA 99.6
Titanium NA 100.0
Tungsten NA 100.0
Uranium NA 99.9
Vanadiufll NA (B)
Zinc 65 96.9 67.5 67.4 9.0 92.1 99.0 94.2 53.9
Zirconium NA 98.4

(A) Removal occurs at specific plants'where treatment is applied if necessary, but not across the entire subcategOry.

(B) Insufficient data available to calculate raw waste value.

(C) Raw waste value for indirect dischargers is zero.

Note: Uranium and zinc forming subcategory removal percentages are for BAT technology.
Refractory metals forming sUbcategory removal percentages are for PSES technology.



Table XII-3

OPTIONS SELECTED AS THE MODEL TECHNOLOGY BASES FOR PSES AND PSNS

Subcategory PSES PSNS

Lead-Tin-Bismuth Forming Option 2 Option 2

Magnesium Forming Option 2 Option 3

Nickel-Cobalt Forming Option 3 Option 3

Precious Metals Forming Option 2 Option 2

Refractory Metals Forming Option 2 Option 3

Titanium Forming Option 2 Option 2

Uranium Forming Exempted Option 3

Zinc Forming Exempted Option 3

Zirconium-Hafnium Forming Option 2 Option 2

Metal Powders Option 1 Option 2

Option 1 - Flow Normalization, Lime and Settle

Option 2 - Flow Reduction, Lime and Settle

Option 3 - Flow Reduction, Lime and Settle, Multimedia Filtration
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Table XII-4

CAPITAL AND ANNUAL COST ESTIMATES FOR PSES OPTIONS
INDIRECT DISCHARGERS ($1982)

Subcategory .

Lead-Tin-Bismuth Forming

Capital
Annual

Magnesium Forming

Capital
Annual

Nickel-Cobalt Forming

Capital
Annual

Precious Metals Forming

Capital
Annual

Refractory Metals Forming

Capital
Annual

Titanium Forming

Capital
Annual

uranium Forming

Capital
Annual

Zinc Forming

Capital
Annual

Option 1

202,700
76,700

C
C

2,868,800
1,857,200

786,600
315,900

1,030,200
537,40·0

640,800
309,400

NA
NA

C
C

.2023

Option 2*

230,100
88,000

C
C

3,238,700
1,952,000

749,000
323,700

1,436,900
589,100

756,900
348,400

NA
NA

C
C

Option 3**

254,700
106,800

C
C

3,529,500
2,104,300

823,700
372,900

1,535,500
697,200

811,300
381,800

NA
NA

C
C·



CAPITAL AND ANNUAL COST ESTIMATES FOR PSES OPTIONS
INDIRECT DISCHARGERS ($1982)

Table XII-4 (Continued)

12,000
4,400

Option 3**

457,500
490,500

11,300
4,100

400,900
435,000

Option 2*

2,200
2,800

511,800
334,100

Option 1Subcategory

2024

Capital
Annual

Capital
Annual

NA - Not applicable.

*Tota1 cost to install Option 2 technology.

**Tota1 cost to install Option 3 technology.

C - Confidential.

Zirconium-Hafnium Forming

Metal Powders



Table XII-5

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
LEAD-TIN-BISMUTH FORMING SUBCATEGORY

INDIRECT DISCHARGERS

Raw Option 1 Option 1 Option 2 Option 2 Option 3 Option 3
Pollutant Waste Discharged Removed Discharged Removed Discharged Removed

Antimony 7.88 7.88 O.Op 3.35 4.53 2.25 5.63
Arsenic 0.13 0.13 0.00 0.13 0.00 0.13 0.00
Beryll ium, 0.00 0.00 0.00 6.00 0.00 0.00 0.00
Cadmium 0.03 0.03 0.00 0.03 0.00 0.03 0.00
Chromium 19.00 2.36 16.65 0.40 18.60 0.33 18.67
Copper 2.39 2.39 0.00, 2.39 0.00 1.86 0.53
Lead 177.11 3.37 173.75 0.57 176.54 0.38 176.73
'Nickel 2.19 2.19 0.00 2.19 0.00 1.05 1.14
Zinc 1.23 1.23 0.00 1.23 0.00 1. I,D 0.13

TOTAL TOXIC METALS 209.97 19.57 190.39 10.29 199.67 7.14 202.83

!\)
Cyanide • 0.33 0.33 0.00 0.33 0.00 0.33 0.00a

!\)

U1 TOTAL TOXICS 210.29 19.90 f90.39 10.62 199;67 7.47 202.83

Aluminum 1.52 1. 52 0.00 1.52 0'.00 1.52 0.00
Ammonia 2.80 2.80 0.00 2.80 0.00 2.80 0.00
Cobalt 97.35 .1 .40 95.95 0.24 97.11 0.16 97.19
Fluoride 10.15 10.15 0.00 10.15 0.00 10.15 0.00
I ron 14.53 11.50 3.03 1.96 12.57 1.34 13.19
Magnesium 214.36 2.80 211.55 0.48 213.88 0.32 214.04
Manganese 0.95 0.95 0.00 0.76 0.19 0.67 0.28
MoTybdenum 0.23 0.23 0.00 0.23 0.00 0.23 0.00
Tin 0.70 0.70 0.00 0'.70 0.00 0.70 0.00
Titan.ium 0,.43 0.43 0.00 0,.43 0.00 0.43 0.00
Vanadium ' 0.38 0.38 0.00 Q.38 0.00 0.38 0.00

TOTA~ NONCONVENTIONALS 343.41 32.88 310.54 19.66 323.75 18.71 324.71

TSS 2,582.50 336.57 2,245.93 57.35 2,525.16 12.42 2,570.08
9 i .1 and Grease 1,812.01 280.48 1,53'1.53 47.79 1,764.22 47.79 1,764.22

TOTAL CONVENTIONALS 4.394.51 617.05 3,777.47 105.13 4,289.38 60.21 4.334.30

TOTAL POLLUTANTS 4.948.22 669.82 4.278.40 • .135.41 4.812.81 86.39 4.861.83



Tabl. XXI-6

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
MAGNESIUM FORMING SUBCATEGORV

INDIRECT DISCHARGERS

Raw Option 1 Option 1 Option 2 Option 2 Option 3 Option 3Pollutant Waste Discharged Removed Discharged Removed Discharged Removed

Antimony 0.00 0.00 0.00 0.00 0.00 0.00 0.00Arsenic 0.00 0.00 0.00 a .GO 0.00 0.00 0.00Beryl 1ium 0.03 0.03 0.00 0.03 0.00 0.03 0.00Cadmium 0.00 0.00 0.00 0.00 0.00 0.00 0.00Chromium 2,094.49 0.4t 2,094.09 0.05 2,094.44 0.04 2,094.45Copper 0.48 0.48 0.00 0.37 0.11 0.25 0.23Lead 0.03 0.03 0.00 0.03 0.00 0.03 0.00Nickel 0.00 0.00 0.00 0.00 0.00 0.00 0'.00Silver 0.00 0.00 0.00 0.00 0.00 0.00 0.00Zinc 18.92 1.60 17.32 0.21 18.71 0.15 18.77

TOTAL TOXIC METALS 2,113.96 2.55 2,111.40 0.70 2,113.26 0.50 2.113.45

l\) Cyanide 0.01 0.01 0.00 0.01 0.00 0.01 0.00
0

2,111.40l\) TOTAL TOXICS 2,113.96 2.56 0.70 2,113.26 0.51 2,113.450\
Aluminum 16.61 10.89 5.72 1.44 15.17 0.96 15.66Ammonia 115.78 115.78 0.00 115.78 0.00 115.78 0.00Cobalt 0.75 0.24 0.51 0.03 0.72 0.02 0.73Fluoride 14.26 14.26 0.00 9.30 4.96 9.30 4.96Iron 1.02 1.02 0.00 0.26 0.76 0.18 0.84Magnesium 2,064.41 0.49 2,063.92 0.06 2,064.34 0.04 2,064.36Manganese 0.21 0.21 0.00 0.10 0.11 0.09 0.12Molybdenum 0.00 0.00 0.00 0.00 0.00. 0.00 0.00Tin 0.00 0.00 0.00 0.00 0.00 0.00 0.00Ti tanium 0.00 0.00 0.00 0.00 0.00 0.00 0.00Vanadium 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TOTAL NONCONVENTIONALS 2,2;3.04 142.89 2,070.15 126.98 2,086.06 126.37 2.086.67

TSS 762.24 58.33 71)3.91 7.69 754.55 1.67 760.57011 and Grease 117.17 48.60 d6.56 6.41 110.76 6.41 110.76

TOTAL CONVENTI ONALS 879.41 106.93 772.48 14.10 865.30 B.08 871.33

TOTAL POLLUTANTS 5,206.41 252.37 4,954.03 141.79 5,064.62 134.96 5.071.45



Table XII-7

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
NICKEL-COBALT FORMING SUBCATEGORY

INDIRECT DISCHARGERS

TOTAL NONCONVENTIONALS 171,791.26

TSS 272,293.43
Oil and Grease 256,~43.38

TOTAL CONVENTIONALS 528,736.80

TOTAL POLLUTANTS 793,371.60

'Pollutant

Arsenic
Cadmium
Chromium
Copper
Lead
Nickel
Tha 11 ium
Zinc

TOTAL TOXIC METALS

Cyanide

- TOTAL TOXICS

Aluminum
Ammonia
Cobalt
Fluoride
Iron
Molybdenum
Titanium
Vanadium

Raw
Waste

3.04
781.65

7,025.09
4,123.34

175.06
80,285.64

0.14
449.57

92,843.46

0.07

92,843.53

600.09
3,378.83
8,597.11

137,445.96
12,003.50
1,388.27
8,028.38

344. I I

Option I
Discharged

3.04
162.31
172.59

1,191.67
175.06

1,520.40
0.14

449.57

3,674.77

0.07

3,674.85

600.09
3,378'".83

102.73
29,791.70

842.39
1,388.27

410.92
344. I I

36,859.05

24,655.20
20,54'6.00

45,201.20

85,735.09

Option 1
Removed

0.00
619.33

6.852.50
2,931.67

0.00
78,765.24

0.00
0.00

89, 168.69

0.00

89. i 68.69

0.00
0.00

8,494.38
107,654.26

I 1,161. 12
0.00

7,617.46
0.00

134,932.22

247,638.23
235,897.38

483,535.60

70,636.51

Option 2
Discharged

3.04
19.37
20.60

142.23
29.43

181.47
0.14

80.93

477.20

0.07

477.27

549.32
3,378.83

12.26
3,555.83

100.54
345.77
49.05

344.11

8,335.72

2,942.76
2,452.30

5,395.06

14,208.05

Option 2
Removed

0.00
762.27

7,004.49
3,981. I I

145.63
80,104.17

0.00
368.65

92,366.26

0.00

92,366.26

50.78
0.00

8,584.85
133,890.12

I I ,902.96
1,042.50
7,979.33

0.00

163,455.54

269,350.67
253,991.08

523,341.74

779,163.55

Option 3
Discharged

3.04
12.02
17.17
95.64
19.62
53.95
0.14

56.40

257.97

0.07

258.04

365.39
3,378.83

8.34
3,555.83

68.66
230.52
31.88

230.52

7,869.98

637.60
2,452.30

3,089 ..90

11,217.91

Option 3
Removed

0.00
769.63

7,007.92
4,027.70

155.44
80,231.69

0.00
393.17

92,585.49

0.00

92,585.49

234.70
0.00

8,588.78
133.890. 12

11,934.84
1,157.76
7,996.50

113.59

163.921.29

271,655.83
253,991.08

525.646.91

782.153.69



Teble XII-8

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)PRECIOUS METALS FORMING SUBCATEGORY
INDIRECT DISCHARGERS

~..Raw Option 1 Option I Option 2 Option 2 Option 3 Option 3Pollutant Waste Discharged Removed Discharged Removed Discharged Removed
Antimony 0.07 0.07 0.00 0.07 0.00 0.07 0.00Arsenic 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cadmium 23.85 6.87 16.98 0.73 23.11 0.46 23.39Chromium 2.55 2.55 0.00 0.78 1. 77 0.65 1.90Copper 78.88 50.42 28.46 5.39 73.49 3.62 75.26Lead 1. 84 1.84 0.00 1. 12 0.72 0.74 1.09Nickel 6.22 6.22 0.00 6.22 0.00 2.04 4.17Selenium 0.00 0.00 0.00 0.00 0.00 0.00 0.00Silver 3.43 3.43 0.00 0.93 2.50 0.06 3.37Thallium 0.00 0.00 0.00 0.00 0.00 0.00 0.00Zinc 24.37 24.37 0.00 3.07 21.31 2.14 22.23
TOTAL TOXIC METALS 141.21 95.77 45.44 18.30 122.90 9.79 131.42

l\J 'Cyanide 48.55 6.09 42.47 0.65 47.90 0.44 48.120
l\J TOTAL TOXICS 189.76 101.85 87.91 18.95 170.81 10.23 179.53<Xl

Aluminum 156.04 156.04 0.00 20.82 135.22 13.85 142.19Ammonia 15.09 15.09 0.00 15.09 0.00 15.09 0.00Cobalt 0.11 0.11 0.00 0.11 0.00 0.11 0.00Fluoride 61.54 61.54 0.00 61.54 0.00 61.54 0.00Iron 67.21 35.64 31.57 3.81 63.40 2.60 64.61Magnesium 263.60 8.69 254.91 0.93 262.67 0.93 262.67Manganese 11.96 11.96 0.00 1.49 10.47 1.30 10.65Tin 0.03 0.03 0.00 0.03 0.00 0.03 0.00Ti tanium 1.31 1.31 0.00 1.31 0.00 1. 21 0.11Vanadium 0.09 0.09 0.00 0.09 0.00 0.09 0.00
TOTAL NONCONVENTIONALS 576.98 290.51 286.48 105.22 471.76 96.75 480.23
TSS 7,576.10 1,043.22 6,532.89 111.53 7,464.57 24.17 7,551.94Oi I and Grease 3,721.96 869.35 2,8"2.62 92.95 3,629.02 92.95 3,692.02
TOTAL CONVENTI ONALS 11,298.07 1,912.56 9,385.50 204.48 11,093.59 117.11 11,180.96
TOTAL POLLUTANTS 12,064.81 2,304.92 9,759.89 328.66 11,736.15 224.09 11,840.72



Table XII-9

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr) c

REFRACTORY METALS FORMING SUBCATEGORY ('
INDIRECT DISCHARGERS

Pollutant
Raw

Waste
Option 1

Discharged
Ddt; on 1
Removed

Option 2.
D;scharg~d

Option 2
Removed

Option 3
Di,scharged

Option 3
Removed

Arsenic
Beryllium
Cadmium
C,hromi um
Copper
Lead
Nickel
,Si 1ver
Thallium
Zinc

TOTAL TOXIC METALS

Cyanide

TOTAL TOXICS

0.00'
0.00
1.38

15.07
8.81
1.18

240.40
0.00
0.00
~l. 73

270. 07

0.00

270.07

0.00
0.00
1.38

15.07
8.81
1.18

186.07
0.00
0.00
~.23

215.74

0.00

215.74

0.00
0.00
0.00
o.bo '

- o. 00 ..~
O. 00 .;~

", 54.33
0.00
0.00
0.00

54.33

0.00

54.33

0.00
o.ob
0.60
1.22
5.4'5
1 .1'8

10.77
0.00
0.00
2.95

22.17

0.00

22.17

0.00
0.00
0;78

13.85
3.36
0;00

229'.64
0.00
0.00
0.29

247.90

0.00

247.90 ;,

0.00
0.00
0.48
1. 02
4.67
1.05
3.20
0.00

'0.00
2.54'

12.96

0.00

12.96

0.00
0.00
0.90

14.05
, :04.14

0.13
237.20
':0.00
0.00
0.70

257.11

0.00

257.11

Aluminum
Ammonia
Cobalt
Fluoride
Iron
Magnesi um
Manganese
Refractory Metals
Titanium

TOTAL NONCONVENTIONALS

TSS
Oil and Grease

TOTAL CONVENTIONALS

TOTAL POLLUTANrS

559.52
3.12 '
2.58

4,504.30
186.58

0.00
0.00

110,589.90
93.53

115,9~9.53

52,773.67
355.69

53,129.36

169,338.97

513.21
3.12
2.5B

3,389.61
105.10

0.00
0.00

592.70
29.69

4,636.02

5,066.29
355.69

5,421.98

10,273.75

46.31
0.00
0.00

1 , 114.69
81.48

0.00
0.00

109,997.19
63.84

'1,:,303.51

47,707.3B
0.00

47,707.3B

159,065.22

32.59
3:.12
0.5B

210.94
5.96
0.00
0.00

17.15
1.13

271.48

174.57
103.33

277.90

571.56

526.94
0.00
2.00

4,293.36
180.62

0.00
0.00

110,572.74
92.39

115,66B.05

52,599.10
252.36

52,851.46

168,767.41

21.6B
3.12
0.43

210.94
4.07
0.00
0.00

12.00
0.95

253.18

37.82
103.33

141.16

407.30

537.B5
0.00
2.15

4,293.36
182.51

0.00
0.00

110,577.90
92.58

115,686.35

52,735.85
252.36

52.988.20

168,931.67



Table XII-10

NONFERROUS METALS FORMING POLLUTANT REOUCTION BENEFIT ESTIMATES (kg/yr)
TITANIUM FORMING SUBCATEGORY

INDIRECT DISCHARGERS

Raw Option 1 Option 1 Option 2 Option 2 Option 3 Option 3
Pollutant Waste Discharged Removed Discharged Removed Discharged Removed
Arsenic

1.99 1.99 0.00 1.99 0.00 1.99 0.00
Cadmium 0.04 0.04 0.00 0.04 0.00 0.04 0.00
Chromium 24.99 24.99 0.00 3.47 21.52 2.89 22.10
Copper 18.42 18.42 0.00 18.42 0.00 16.13 2.29
Lead 209.91 44.88 165.03 4.96 204.95 3.31 206.60
Nickel 8.36 8.36 0.00 8.36 0.00 8.36 0.00
Thallium 0.07 0.07 0.00 0.07 0.00 0.07 0.00
Zinc 171. 86 123.43 48.43 13.65 158.21 9.51 162.35TOTAL TOXIC METALS 435.63 222.18 213.45 50.95 384.68 42.30 393.34Cyanide 0.62 0.62 0.00 0.62 0.00 0.62 0.00TOTAL TOXICS 436.25 222.80 213.45 51.57 384.68 42.91 393.34Aluminum 7,183.93 837.84 6,346.10 92.62 7,091.31 61.61 7,122.32

Ammonia 3,542.22 3.542.22 0.00 3,542.22 0.00 3,542.22 0.00
t\) Cobalt 134.47 18.70 115.77 2.07 132.41 1.41 133.07
0

Fluoride 124,028.77 5,423.49 118,605.28 599.58 123,429.19 599.58 123,429: 19

w
0 Iron 33,225.34 153.35 33,071.98 16.95 33,208.38 1 I .58 33,213.76

Molybdenum 574.49 527.39 47.10 58.30 516.18 38.87 535.62
Tantalum 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Titanium -75,702.90 74.81 75,628.09 8.27 75,694.63 5.38 75,697.53
Tun9sten 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vanadium 1,630.12 527.39 1,102.73 58.30 1,571.81 38.87 1,591.25
Zirconium 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hafnium 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Columbium 0.00 0.00 0.00 0.00 0.00 0.00 0.00TOTAL NONCONVENTIONALS 246,022.24 11,105.19 234,917.05 4,378.33 241,643.91 4,299.51 241,722.73TSS 14,541.91 4,488.40 10,053.51 496.20 14,045.71 107.51 14,434.40
on and Grease 871.33 871.33 0.00 413.50 457.83 413.50 457.83TOTAL CONVENTIONALS 15,413.24 5,359.74 10,053.51 909.71 14,503.54 521.01 14,892.23TOTAL POLLUTANTS 261,871.73 16,687.72 245,184.01 5,339.60 256,532.13 4,863.44 257,008.29



Table XII-11

NONFERROUS METALS FORMING POLLUTANT REDUCTION BENEFIT ESTIMATES (kg/yr)
ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY

INDIRECT DISCHARGERS

Raw Option 1 Option 1 Option 2 Option 2 Option 3 Option 3Pollutant Waste Discharged Removed Discharged Removed Discharged Removed
Arsenic 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cadmium 0.00 0.00 0.00 0.00 0.00 0.00 0.00Chromium 0.16 0.13 0.02 0.02 0.14 0.01 0.14Copper 0.06 0.06 0.00 0.06 0.00 0.06 0.00Lead 0.00 0.00 0.00 0.00 0.00 0.00 0.00Nickel 0.10 0.10 0.00 0.10 0.00 0.05 0.05Tha II ium 0.00 0.00 0.00 0.00 0.00 0.00 0.00Zinc 1. 21 0.52 0.69 0.07 1. 15 0.05 1.17
TOTAL TOXIC METALS 1. 53 0.82 0.71 0.25 1. 29 0.17 1. 36
Cyanide 0.02 0.02 0.00 0.01 0.00 0.01 0.01Dichloromethane 0.00 0.00 0.00 0.00 0.00 0.00 0.00Toluene 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL TOXICS 1. 55 0.84 0.71 0.26 1.29 0.18 1. 37!\J

0 Aluminum 1.42 1.42 0.00 0.47 0.96 0.31 1.11W Ammonia 0.40 0.40 0.00 0.40 0.00 0.40 0.00I-' Cobalt 0.01 0.01 0.00 0.01 0.00 0.01 0.00Fluoride 26.89 23.04 3.85 3.01 23.88 3.01 23.88Iron 1.52 0.65 0.87 0.09 1.44 0.06 1.46Molybdenum 0.04 0.04 0.00 0.04 0.00 0.04 0.00Titanium 0.00 0.00 0.00 0.00 0.00 0.00 0.00Vanadium 0.09 0.09 0.00 0.09 0.00 0.09 0.00Zirconium 93.65 11.47 82.17 1.50 92.15 1.00 92.65
TOTAL' NONCONVENTI ONALS 124.03 37.14 86.89 5.61 118.42 4.92 119'.11
TSS 75.70 19.07 56.63 2.49 73.21 0.54 75.16Oi I and Grease 898.86 15.89 882.97 2.08 896.78 2.08 896.78
TOTAL CONVENTIONALS 974,56 34.96 939.60 4.57 969.99 2.62 971.94
TOTAL POLLUTANTS 1.100.14 72.94 1,027.21 10.44 1,089.70 7.72 1,092.42



Tabl. XII-12

NONFERROUS METALS FORMING POLLUTANT REDUCTIO'N BENEFIT ESTIMATES (kg/yr)
METAL POWDERS SUBCATEGORY

INDIRECT DISCHARGERS

Raw Option \ Option 1 Option 2 Option 2 Option 3 Option 3
Pollutant Waste Discharged Removed Discharged Removed Discharged Removed

Antimony 0.38 0.38 0.00 0.38 0.00 0.38 0.00
Arsenic 0.6\ 0.61 0.00 0.61 0.00 0.61 0.00
Cadmium 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chromium 1.88 ~ .. 68 0.00 1.88 0.00 1.88 0.00
Copper 821.05 54;'25 766.80 16.24 804.80 10.92 810.12
Lead 164.50 11.22 153.27 3.36 161.14 2.24 162.26
Nickel 39.89 39.89 0.00 20.73 19.17 6.16 33.73
Silver 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Thall ium 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Zinc 66.86 30.86 '36.0\ 9.24 57.64 6.44 60.44

TOTAL TOXIC METALS 1,095.17 139.09 956.09 52.44 1,042.74 28.63 1,066.55

Cyanide 3.13 3.13 0.00 1.96 1.17 1.32 1.81
N
0 TOTAL TOXICS 1,098.30 142.21 956.09 54.40 1,043.91 29.94 1,068.36
IN
IV Aluminum 399.15 209.50 189.65 62.74 336.41 41.73 357.42

Ammonia 15.88 15.88 0.00 15.88 0.00 15.88 0.00
Cobalt 0.01 0.01 0.00 0.01 0.00 0.01 0.00
Fluoride 39.73 39.73 0.00 39.73 0.00 39.73 0.00
I ron 1,772.76 38.35 1,734.41 11.48 1,761.28 7.84 1,764.92
Magnesium 74.00 9.35 64.65 2.80 71.20 1.88 72.13
Molybdenum 0.57 0.57 0.00 0.57 0.00 0.57 0.00
Tin 78.42 78.42 0.00 29.97 48.46 19.89 58.54
11 tani um 30.77 18.71 12.07 5.60 25.17 3.64 27.13
Vanadium 0.32 0.32 0.00 0.32 0.00 0.32 0.00

TOTAL NONCONVENTIONALS 2,411.62 410.84 2,000.78 169.11 2,242.52 131.49 2,280.13

TSS 36,700.58 1,122.32 35,578.26 336.10 36,364.48 72.82 36,627.76
0; 1 and Grease 15,867.35 935.27 14,932.09 260.08 15,587.27 280.08 15,587.27

TOTAL CONVENTI ONALS 52,567.93 2,057.58 50,510.35 616.18 51,951.75 352.90 52,215.03

TOTAL POLLUTANTS 56,077.86 2,610.64 53,467.22 839.68 55,238.18 514.34 55,563.52



Table XII-13

2033

mg/off-kg (lb/million off-lbs) of lead-ein-bismuth'
rolled with emulsions

.055

.009

.030

.005

....... . ' ~ ~--

Maximum f.::r
monthly average

Maximum for
monthly average

.124

.018

.067

.010

Maximum for
anyone day

Maximum for
anyone day

*Antimony
*Lead

*Antimony
*Lead

There shall, be no discharge of process wastewater
pollutants.

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg/off~kg (lb/million off-lbs) of lead-tin-bismuth
rolled with soap s~lutions

PSES
Lead-Tin-Bismuth Forming
Drawing Spent Neat Oils

PSES
Lead~Tin-Bismuth Forming
Rolling Spent Emulsions

PSES,', ,.'..
Lead-Tin-Bismuth Forming
Rolling Spent Soap Solutions

Pollutant or
pollutant property

Pollutant or
pollutant 'property



Table XII-13 (Continued)

LEAD-TIN-BISMPTH FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg/off-kg (lb/million off-lbs) of lead-tin-bism~th
drawn with soap solutions

.034

.005

.010

.001

.185

.029

Maximum for
monthly average

~aximum for
monthly average

Maximum for
monthly average

.076

.011

.021

.003

.413

.061

2034

Maximum for
anyone day

Maximum for
anyone day

Maximum for
anyone day

off-lbs) of lead-tin-bismuth

*Antimony
*Lead

*Antimony
*Lead

*Antimony
*Lead

mg/off-kg (lb/million
drawn with emulsions

PSES
Lead-Tin-Bismuth Forming
Drawing Spent Emulsions

Pollutant or
pollutant property

Pollutant or
pollutant property

PSES
Lead-Tin-Bismuth Forming
Drawing Spent Soap Solutions

PSES
Lead-Tin-Bismuth Forming
Extrusion Press or Solution Heat Treatment Contact
Cooling Water

mg/off-kg (lb/million off-lbs) of lead-tin-bisrnuth
heat treated

Pollutant or
pollutant property



mg/off-kg (lb/million ofE-lbs) of lead-tin-bismuth
extruded

mg/off-kg (lbjmillion off-lbs) of lead-tin-bismuth
cast by the continuous strip method

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
swaged with emulsions

.. 070
.011

.0013

.0002

.0023

.0004

Maximum for
monthly average

Maximum for
monthly average

Max':mum for
monchly average

.158

.023

.0029

.0004

.0051

.0008

2035

Maximum for
anyone day

Maximum for
anyone day

Maximum for
anyone day

*Antimony
*Lead

*Antimony
*Lead

*Antimony
*Lead'

Table XII-13 (Continued)

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

Pollutant or
pollutant property

PSES
Lead-Tin-Bismuth Forming
Continuous Strip Casting Contact Cooling Water

PSES
Lead-Tin-Bismuth Forming
Swaging Sp~nt Emulsions

Pollutant or
pollutant property

PSES
Lead-Tin-Bismuth Forming
Extrusion Press Hydraulic Fluid Leakage

'Pollutant or
pollutant property



Table XII-13 (Continued)

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
shot cast

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
ingot cast by the semi-continuous method

.004

.001

.048

.007

.075

.012

Maximum for
monthly average

Maximum for
monthly average

Maximum for
monthly average

.008

.001

.169

.025

.107

.016

2036

Maximum for
anyone day

Maximum for
anyone day

Maximum for
anyone day

*Antimony
*Lead

*Antimony
*Lead

*Antimony
*Lead

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
PRETREATMENT STA~DARDS FOR EXISTING SOURCES

PSES
Lead-Tin-Bismuth Forming
Semi-Continuous Ingot Casting Contact Cooling Water

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
shot formed

Pollutant or
pollutant property

Pollutant or
pollutant property

PSES
Lead-Tin-Bismuth Forming
Shot Casting Contact ~ooling water

PSES
Lead-Tin-Bismuth Forming
Shot-Forming Wet Air Pollution Control Blowdown



-; . ,
......

2037

.154

.024

.302

.047

Maximum for
monthly average

Maximum for
monthly average

\""

.345

.050

.678

.099

Maximum for
anyone day

Maximu.= for
anyone day

*Antimony
*Lead

*Antimony
*Lead

Table XII-13 (Continued)

LEAD-TIN...,BISMUTH FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
alkaline cleaned

mg/off-kg . (lb/million off-lbs) of lead-tin-bisIt".lth
alkaline cleaned

PSES .
Lead-Tin-Bismuth Forming
Alkaline Cleaning Rinse

PSES
Lead-Tin-Bismuth Forming
Alkaline Cleaning Spent Baths

Pollutant or
pollutant property

Pollutant or
pollutant property

PSES
Lead-Tin-Bismuth Forffiri;ni~r·,....

. " Degreasing Spent Solvents

There shall be no discharge of process wastewater
pollutants.



Table XII-14

.013

.046
4.370
1.970

.052

.176
17.000

7.630

Maximum. for
monthly average

Maximum for
monthly. average

.033

.109
9.950
4.440

.007

.127

.422
38.500
17.200

.029

2038

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Zinc
*Ammonia
*Fluoride

Magnesium

*Chromium
*Zinc
*Ammonia
*Fluoride

Magnesium

mg/off-kg (lb/million off-lbs) of magnesium
rolled with emulsions

MAGNESIUM. FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

PSES
Magnesium Forming
Rolling Spent Emulsions

Pollutant or
pollutant property

PSES
Magnesium Forming
Forging Contact Coo1ing Water

mg/off-kg (lb/millton off-lbs) of forged ·magnesium
cooled with water

PSES
Magnesium Forming
Forging Spent LubricCl-nts

There shall be no discharge of process wastewater
pollutants. .

Pollutant or
pollutant property



Table XII-14· (Continued)

MAGNESIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg/off-kg (lb/million off-lbs) of magnesium
cast with direct chill methods

.0007

.0024

.2340

.1060

.711
2.410

232.000
104.000

Maximum for
monthly .average

Maximum for
monthly average

.0018

.0058

.5320

.2380

.·0004

2039

1. 740
5.770

527.000
235.000

.395

Max~mum for
anyone day.

Maximum for
anyone day

*Chromium
*zinc:;:
*Arnrnonia
*Fluoride

Magnesium

*Chromium
*zinc
*Arnrnonia
*Fluoride

Magnesium

mg/off-kg (lb/million off-lbs) of magnesium
forged

Pollutant or
pollutant property

PSES
Magnesium Forming
Forging Equipment Cleaning Wastewater

PSES
Magnesium Forming
Direct Chill Casting Contact Cooling Water

Pollutant or
pollutant property



Table XII-14 (Continued)

MAGNESIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg/off-kg (lb/million off-lbs) of magnesium
surface treated

.084

.284
27.300
12.300

.340
l.150

111.000
49.900

Maximum for
monthly aV'erage

Maximum for
monthly average

.205

.681
62.100
27.700

.047

2040

.832
2.760

252.000
113.000

.189

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Zinc
*Ammonia
*Fluoride
Magnesium

*Chromium
*Zinc
*Ammonia
*Fluoride

Magnesium

PSES
Magnesium Forming
Surface Treatment Spent Baths

PSES
Magnesium Forming
Surface Treatment Rinse

mg/off-kg (lb/million off-lbs) of magnesium
surface treated

Pollutant or
pollutant property

Pollutant or
pollutant property



Table XII-14 (Continued)

MAGNESIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

There shall be no discharge of process wastewater
pollutants.

.004

.012
1.140

.515

.112

.378
36.300
16.400

Maximum for
monthly average

Maximum for
monthly average

.009

.029
2.600
1.160

.002

2041

.273

.904
82.500
36.900

.062

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Zinc
*Anunonia
*Fluoride
Magnesium

*Chromium
*Zinc
*Ammonia
*Fluoride

Magnesium

PSES
Magnesium Forming
Sawing or Grinding Spent Emulsions

mg/off-kg (lb/million off-lbs) of magnesium
sawed or· ground

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of magnesium
formed

PSES
Magnesium Forming
Wet Air Pollution Control Blowdown

Pollutant or
pollutant property

PSES
Magnesium Forming
Degreasing Spent Solvents



Table XII-IS

.014

.026

.104

.022

.063

.071
4.490

.006

.011

.046

.010

.028

.032
1.990

Maximum for
monthly average

Maximum for
monthly average

.015

.028

.097

.021

.042

.077
4.490

2042

.034

.063

.218

.048

.094

.174
10.100

Maximum for
anyone day

Ma,cimum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

mg!off-kg (lb!million off-lbs) of nickel~cobalt
rolled with water

There shall be no discharge of process wastewater
pollutants.

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATME~T STANDARDS FOR EXISTING SOURCES

mg!off-kg (lb/million off-lbs) of nickel-cobalt
rolled with emulsions

PSES
Nickel-Cobalt Forming
Rolling Contact Cooling Water·

Pollutant or
pollutant property

PSES
Nickel-Cobalt Forming
Rolling Spent Emulsions

PSES
Nickel-Cobalt Forming
Rolling Spent Neat Oils

Pollutant or
pollutant property



2043

There sha~l be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

.008

.014

.058

.012

.035

.040
2.520

Maximum for
monthly average

.019
~ 0'35
.122
.027
.053
.097

5.680

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
zinc

*Fluoride

mgjoff-kg (lbjmillion off-;Lbs) of nickel-cobalt
drawn ,with emulsions

PSES
Nickel-Cobalt Forming
Extrusion Spent Lubricants

There' shall be no discharge of process wastewater
pollutants.

Table XII-IS .(Continued)

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

Pollutant or
pollutant property

PSES
Nickel-Cobalt Forming
Drawing Spent Emulsions

PSES
Nickel-Cobalt Forming
Drawing Spent Neat Oils

PSES
Nickel-Cobalt Forming
Tube Reducing Spent Lubricants



2044

Table XII-IS (Continued)

.007

.013

.051

.011

.031

.035
2.2'00

.019

.035

.142

.030

.086

.098
6.130

Maximum for
monthly average

Maximum for
monthly average

.017

.031

.107

.023

.046

.085
4.950

.046

.086

.297

.. 065

.128

.237
13.800

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

mg!off-kg (lb/million off-lbs) of nickel-cobalt
heat treated

There shall be no discharge of process wastewater
pollutants.

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg/off-kg (lb!million off-lbs) of nickel-cobalt
extruded

Pollutant or
pollutant ,property

Pollutant or
pollutant property

PSES
Nickel-Cobalt Forming
Forging Spent Lubricants

PSES
Nickel-Cobalt Forming
Extrusion Press Hydraulic Fluid Leakage

PSES
Nickel-Cobalt Forming
Extrusion Press or Solution Heat Treatment Contact
Cooling Water



Table XII-IS (Continued)

.NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg/off-kg (lb/million off-lbs) of forged nickel-cobalt
cooled with water

, .004
.007
.029
.006
.018
.020

1.250

.• on03
.0006
.0024
.0005
.0015'
~0017

. ~1060

Maximum for
monthly average

Maximum for
, monthly average

.0008

.0015

.0051

.00.11

.0022

.0041

.2380

.009

.018

.061

.013

.026

.048
2.820

2045

Maximum,for
anyone day

Maximum for
anyone day

Cadmit,lm
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

Cadmium
*Chromium
Copper
Lead

*Nickel
.Zinc
*Fluoride

mg!off-kg .. (lb/million off-lbs)" 'Of nickel-cobalt
forged

Pollutant or
pollutant property

PSES
Nickel-Cobalt Forming
Forging Equipment Cleaning Wastewater

Pollutant or
pollutant property

PSES
. Nickel-Cobalt Forming
Forging Contact Cooling Water



Table XII-IS (.Continued)

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCeS

mg/off-kg (lb/million off-lbs) of nickel-cobalt
forged

.210

.393
1.600

.341

.970
1.100

69.200

Maximum for. r

monthly avera:ge"

Maximum for
monthly average

2046

.524

.970
3.360

.734
1.440
2.670

156.000

Maximum for
any' one day

Maximum for
anyone day

Cadmium ) ~. . .037 0'015,
*Chromium " .069 .028

Copper .240 .114
Lead .052 .024

*Nickel .103 .069
Zinc .191 .079

*F1uoride 11.100 4.940

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

Pollutant or
pollutant property

PSES
Nickel-Cobalt Forming
Forging Press Hydraulic Fluid Leakage

mg/off-kg (lb/millj.o"p off Ibs) of nickel cobalt
metal powder atomized

Pollutant or .
pollutant property

PSES
Nickel-Cobalt Forming
Metal Powder Production Atomization Wastewater



2047

. ,

There sh~li be no allowance for the discharge of
process wastewater pollutants.

PSES
Nickel-Cobalt Forming
Stationary Casting Contact Cooling Water

.097

.182

.738
•.158
.448
.508

32.000

Maximum for
monthly average

.242

.448
1. 550

.339

.666
1. 240

72.000

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
zinc

*Fluoride

.Tabl~ XII-IS (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

PSES
Nickel-Cobalt Forming
Anri~aling and Solution Heat Treatment Contact Cooling Water

There shall be no allowance for the discharge of
process wastewater ~ollutants.

Pollutarit or
pollutant property

mg!off-kg (Ib!million off-lbs) of nickel-cobalt
cast with stationary casting methods

PSES
Nicke~-Coba~t Forming
Vacuum Melting Stearn Condensate



Table XII-IS (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

.075

.140

.571

.122

.346

.393
24.700

.189

.354
1. 440

.307

.873

.991
62.300

Maximum for
monthly average

Maximum for
monthly average

.187

.346
1. 200

.262

.514

.954
55.700

2048

.472

.873
3.020

.661
1.300
2.410

141.000

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nicke1
Zinc

*F1uoride

Cadmium .
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

mg/off-kg (lb/mi11ion off-lbs) of nickel-cobalt
surface treated

PSES
Nickel-Cobalt Forming
Surface Treatment Spent Baths

mg/off-kg (lb/million off-1bs) of nickel-cobalt
surface treated

Pollutant or
pollutant property

Pollutant or
pollutant property

PSES
Nickel-Cobalt Forming
Surface Treatment Rinse



Table XII-15(Continued)

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg/off-kg (lb/million off-lbs) of nickel-cobalt
treated with ammonia solution

.003

.005

.021

.004

.013

.014'

.895

.001

.00'2

.009

.002

.005

.006

.391

Maximum for
monthly average

'Maximum for
, monthly averag'e

.003

.005

.019

.004

.008

.015

.881

.007

.013

.043'

.009

.019

.035'
2.020

2049

Maximum for
anyone day

Maximum for
anyone day'

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

Cadmium
*Chromium '
Copper
Lead

*Nickel
Zinc

*Fluoride

mg/off-kg (~b/million off-lbs) of nickel-cobalt
alkaline cleaned

PSES
Nickel-Cobalt Forming
Ammonia Rinse

PSES
Nickel-Cobalt Forming
Alkaline Cleaning Spent Baths

Pollutant or
pollutant property

Pollutant or
pollutant property



Table XII~15 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg/off-kg (lb/million off-lbs) of nickel-cobalt
alkaline cleaned

mg/off-kg (lb/million off~lbs) of nickel-cobalt
treated with molten salt'

.019

.035

.142

.030

.086

.098
6.150

.068

.127

.515

.110

.312

.355
22.300

Maximum for
monthly average

Maximum, for
monthly average

2050

.169

.312
l.080

.237

.464

.861
50.200

.047

.086

.298

.065

.128

.238
13.900

Maximum' for
anyone day

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

PSES
Nickel-Cobalt Forming
Alkaline Cleaning Rinse

Pollutant or
pollutant property

Pollutant or
pollutant pro~erty

PSES ,
Nickel-Cobalt Formipg
Molten Salt Rinse



~ab,le XII-IS (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg/off-kg (lb/million'off-lbs) of nickel-cobalt
s~wed or ground with emulsions

.015

.027

.111

.024

.067

.076
4.780

.003
• d06
.024
.005
.015
.017

1. 040

Maximum for
~onthly average

Maximum for
,monthly average

.008

.015

.051 '

.011

.022

.040
2.350

2051

.036
, .067
.232
'.051
~100
.185

10.800

Maximum for
anyone day

Maximum'for
an:y qne day

Cadmium
*.Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

Cadmium
*Chromium
,. Copper
Lead

*Nickel
Zinc

*Fluoride

mg/off-kg (lb/million off-lbs) of sawed or ground
nickel-cobalt rinsed .',

Pollutant or
pollutant property

PSES
Nickel-Cobalt Forming
Sawing o~.Grinding Rinse

PSES
Nickel-Cobalt Forming
Sawingor:'Grinding Spent .Emulsi6ns

Pollutant' or
pollutant,prop~:rty



Table XII-IS (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

.002

.005

.018

.004

.011

.013

.795

.017

.032

.130

.028

.079

.090
5.630

Maximum for
monthly average

Maximum for
monthly average

.006

.011

.039

.008

.017

.031
1.790

2052

.043

.079

.273

.060

.117

.217
12.700

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nicke1
Zinc

*Fluoride

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

There shall be no allowance for the discharge of
process wastewater pollutants.

mg/off-kg (lb/million off-lbs) of nickel-cobalt
steam cleaned

mg/off-kg (lb/mil1ion off-lbs) of nickel-cobalt
tested with dye pe~etrant methods

PSES
Nickel-Cobalt Forming
Hydrostatic Tube Testing and Ultrasonic Testing wastewater

Pollutant or
pollutant property

PSES
Nickel-Cobalt Forming
Steam Cleaning Condensate

Pollutant or
pollutant property

PSES
Nickel-Cobalt Forming
Dye Penetrant Testing Wastewater



Table XII-IS (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

There shall be no discharge of process wastewater
pollutants.

.020

.037

.150

.032

.091

.104
6.500

.065

.122

.494

.106

.300

.340
21.400

Maximum for
monthly average

Maximum for
monthly average

2053

.162

.300
1. 040

.227

.446

.826
48.200

.049
.. 091
.315
.069
.136
.251

14.700

Maximum for
anyone day

Maximum for'
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc'

*Fluoride

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

mg!off-kg (lb/million off-lbs) of nickel-dobalt
formed

mg/off-kg (lb/million off-lbs) of nickel-cobalt
formed.

Pollutant or
pollutant property

PSES
Nickel-Cobalt Forming
wet Air Pollution Control Blowdown

Pollutant or
pollutant property

PSES
Nickel-Cobalt Forming
Degreasing Spent Solvents

PSES
Nickel-Cobalt Forming
Miscellaneous Wastewater Sources'



Table XII-1S (Continuedl

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg/off-kg (lb/million off-lbs) of nickel-cobalt
electrocoated

.270

.506
2.060 :..

.438
1. 2S0
1. 420

89.000

Maximum for
monthly average

20S4

.674
1. 2S0
4.320

.944
1.860
3.440

201.000

"

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*F1uoride

PSES
Nickel-Cobalt Forming
Electrocoating Rihse

Pollutant or
pollutant property



2055

Table XII-16

.012

.014

.077

.009

.015

.098

.013

.047

Maximum for
monthly average

.026

.034

.147

.022

.032

.148

.032

.1.1.3

Maximum for
any'one day

*Cadmium
Chromium

*Copper
*Cyanide"
*Lead
Nickel

*Silver
Zinc

PRECIOUS METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXI,STING SOURCES

mg!off-kg (lb/million off-lbs) of precious metals
rolled with emulsions

PSES
Precious Metals Forming
Rolling Spent Emulsions

Pollutant or
pollutant property

PSES
Precious Metals Forming
Drawing Spent Neat Oils

There shall be no discharge of process wastewater
pollutants.

PSES,
Precious Metals Forming
Rolling Spent Neat Oils

There shall be no discharge of,process wastewater
poll~tants.



Table XII-16 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES. .

.007

.009

.048

.006

.010

.060

.008

.029

.0005

.0006

.0031

.0004

.0006

.0040

.0005

.0019

Maximum for
monthly average

Maximum· for
monthly average

.016

.021

.090

.014

.020

.091

.020

.069

2056

.0011

.0014

.0059

.0009

.0013

.0060

.0013

.0046

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

mg/off-kg (lb/million off-lbs) of precious metals
drawn with soap solutions

mg/off-kg (lb/million off-lbs) of precious metals
drawn with emulsions

pollutant or
pollutant property

Pollutant or
pollutant property

PSES
Precious Metals Forming
Drawing Spent Soap Solutions

PSES
Precious Metals Forming
Drawing Spent Emulsions



Table XII-16 (Continued)

mg/off-kg (lb/million off-lbs) of precious metals
cast by the direct chill method

PRECIOUS METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

1.000
1.200
6.680

.802
1. 340
8.490
1.140
4.080

.162

.195
1.080

.130

.216
1.370

.184

.659

Maximum for
monthly average

Maximum for
monthly average

2057

.367

.475
2.050

.313

.454
2.08Q

.443
1.580

2.270
2.940

12.700
1.940
2.810

.12.800
2.740
9.750

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

mg/off-kg (lb/million off-lbs) of precious metals
powder wet atomized

PSES
Precious Metals Forming
Metal Powder Production Atomization Wastewater

PSES
Precious Metals Forming
Direct Chill Casting Contact Cooling water

Pollutant or
pollutant property

Pollutant or
pollutant property



Table XII-16 (Continued)

mg/off-kg (lb/million off-lbs) of precious metals cast
by ~he semi-continuous or continuous method

.055

.066,

.367 '

.044

.073

.466

.062

.224

.155

.186
1.030

.124

.206
1. 310

.175

.629

Maximum for
monthly average

Maximum for
monthly average

.125

.162

.698

.107

.154
:705
.151
.536

2058

.350

.453
1.960

0299
.433

1.980
.423

1.510

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*copper
*Cyanide
*Leaa
Nickel

*Silver
Zinc

mg/off-kg (lb/million off-lbs) of precious metals
shot cast

*Cadmium
Chromium

*Copper
*Cyanide
*Lead'
Nickel

*Silver
Zinc

Pollutant or
pollutant property

PRECIOUS METALS FORMING SUBCATEGORY
PR~TREATMENT STANDARDS FOR EXISTING SOURCES

PSES
Precious Metals Forming
Sem}-Continuous and Continuous Casting Contact Cooling
Water

PSES
Precious Metals Forming
Shot Casting Contact Cooling Water

PSES
Precious Metals Forming
Stationary Casting Contact Cooling Water

There shall be no discharge of process wa~tewater

pollutants.

Pollutant or
pollutant property



Table XII-16 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg!off-kg (lb!million off-lbs) of extruded precious
metals heat treated

.063

.075

.417

.050

.083

.530

.071

.255

.015

.017

.096

.012

.019

.123

.016

.059

Maximum for
monthly average

Maximum for
monthly average

2059

.142

.184

.793

.121

.175

.801

.171

.609

.033

.042

.183

.028

.041

.185

.040

.141

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

mg!off-kg (lb!million off-lbs) of precious metals
surface treated

PSES
Precious Metals Forming
Heat Treatment Contact Cooling Water

Pollutant or
pollutant property

PSES
Precious Metals Forming
Surface Treatment Spent Baths

Pollutant or
pollutant property



Table XII-16 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg/off-kg (lb/million off-lbs) of precious metals
surface treated

mg/off-kg (lb/million off lbs) of precious metals
alkaline c~eaned

.009

.011

.060

.007

.012

.076

.0],0

.03,7

.092

.111

.616

.074

.123

.783

.105

.376

Maximum for
monthly average

Maximum for .
monthly average

2060

.020

.026

.114

.017

.025

.115

.025

.088

.210

.271
1.170

.179

.259
1.180

.253

.900

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

PSES
Precious Metals Forming
Surface Treatment Rinse

Pollutant or
pollutant property

Pollutant or
pollutant property

PSES
Precious Metals Forming
Alkaline Cleaning Spent Baths



Table XII-16 (Continued)

mg!off-kg (lb!million off-lbs) of precious metals
alkaline cleaned

PRECIOUS METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

.168

.202
1.120

.135

.224
1.420

.191

.683

.174

.209
1.160

.139

.232
1.480

.197

.708

Maximum for
monthly average

Maximum for
monthly average

2061

.381

.493
2.130

.325

.471
2.150

.459
1.640

.395

.511
2.210

.337

.487
2.230

.476
1.700

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Ca'dmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

mg!off-kg (lb!million off-lbs) of precious metals and
base metal cleaned prior to bonding

PSES
Preciou~ Metals Forming
Alkaline Cleaning Rinse

Polluta'nt or
pollutant property

Pollutant or
pollutant property

PSES
Precious Metals Forming
Alkaline Cleaning p,rebonding Wastewater



TableXII-l6 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

There shall be no discharge of process wastewater
pollutants. ,

.014

.017

.093

.011

.019

.119 .

.016

.057

.182

.218
1. 210

.1.45

.242
1. 540

.206

.738

Maximum for
monthly average

Maximum for
monthly average

2062

.032

.041

.178

.027

.039

.180
•. 038
.137

.412

.533
2.300

.351

.508
2.330

.496
1.770

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

mg/off-kg (lb/million off-lbs) of precious metals
sawed or ground with emulsions

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

Pollutant or
pollutant property

PSES
Preclous Metals Forming
Sawing or Grinding Spent Emulsions

PSES
Precious Metals Forming
Sawing or Grinding Spent Neat Oils

mg!off-kg (lb/million off-lbs) of precious metals
tumbled or .~urnished

PSES
Precious Metals Forming
Tumbling or Burnishing Wastewater

Pollutant or
pollutant property
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There shall be no discharge of process wastewater
pollutants.

mg!off-kg (lb!million off-lbs) of precious metals and
base metal pressure bonded

.013

.015

.084

.010

.017

.106

.014

.051

Maximum for
monthly average

.028

.037

.159

.024

.035

.161

.034

.122

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

Table XII-16 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

Pollutant or
pollutant property

PSES
Precious Metals Forming
Pressure Bonding Contact Cooling Water

PSES
Precious Metals Forming
Degreasing Spent Solvents

There shall be no discharge of process wastewater
pollutants.

PSES
Precious Metals Forming
Wet Air Pollution Control Blowdown
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Table XII-17

Maximum for
monthly average

Maximum for
anyone day

Chromium .189 .077
*Copper .815 .429

Lead .180 .086
*Nickel .824 .545
Silver .176 .073
Zinc .627 .262
Columbium .052

*Fluoride 25.500 11. 300
*Molybdenum 2.840 1.470
Tantalum .193
Vanadium .043
Tungsten 2.990 1.190

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

REFRACTORY METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg/off-kg (lb/million off-lbs) of refractory metals
rolled with emulsions

PSES
Refractory Metals Forming
Rolling Spent Neat Oils and Graphite-Based Lubricants

Pollutant or
pollutant property

PSES
Refractory Metals Forming
Rolling Spent Emulsions

PSES
Refractory Metals Forming
Drawing Spent Lubricants
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Table XII-17 (Continued)

rng/off-kg (lb/million off-lbs) of refractoty metaLs
extruded

Maximum for
monthly average

Maximum for
anyone day

REFRACTORY METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

PSES
Refractory Metals Forming
Extrusion Spent Lubricants

There shall be no discharge of process wastewater
pollutants.

Pollutant or
pollutant property

PSES
Refractory Metals Forming
Extrusion PresS Hydraulic Fluid.Leakage

PSES
Refractory Metals Forming
Forging Spent Lubricants

There shall be no discharge of process wastewater
pollutants.

Chromium .524 .214
*Copper 2.260 1.190
Lead .500 .238

*Nickel 2.290 1. 510
Silver .488 .203
Zinc 1.740 .726
Columbium .143

*F1uoride 70.800 31.400
.*Molybdenum 7.870 4.070

Tantalum .536
Vanadium .119
Tungsten 8.280 3.310
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mg/off-kg (lb/million off-lbs) of forged refractory'
metals cooled with water

Maximum for
monthly average

Maximum for
monthly average

Maximum for
anyone day

Maximum for
anyone day

Chromium .124 .051
*Copper .534 .281

Lead .118 .056
*Nickel .540 .357
Silver .115 .048
Zinc .410 .172'
Columbium .034

*Fluoride 16.700 7.420
*Molybdenum 1. 860 .961
Tantalum .127
Vanadium .028
Tungsten 1. 960 .781

Chromium .014 .006
*Copper .061 .032

Lead .014 .006
*Nickel .062 .041
Silver .013 .005
Zinc .047 .020
Columbium .004

*Fluoride 1. 920 .853
*Molybdenum .214 .111
Tantalum .015
Vanadium .003
Tung,s.ten .225 .090

mg/off-kg (lb/million off-lbs) of refractory metals
powder produced

Table XII-17 (Continued)

REFRACTORY METALS FORMING SUBCATE~ORY

PRETREATMENT STANDARDS FOR EXISTING SOURCES

Pollutant or
pollutant pioperty

PSES
Refractory Metals Forming
Metal Powder Production Wastewater

Pollutant or
pollutant property

PSES
Refractory Metals Forming
Forging Contact Cooling Water
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Table XII-17 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

Maximum for
monthly average

Maximum for
anyone day

Chromium .171. .070
*Copper .739' .389

Lead • .164 .078
*Nickel .747 .494
Silver ' .160 .066
Zinc .568 .237
Columbium .047

*Fluoride 23.200 10.300
*Molybdenurn 2.570 1.330
Tantalum· .175
Vanadium .039
Tungsten 2.710 1.080

There shall 'be no di~charge of process wastewater
pollutants.

There shall be no discharge of process ~astewater

pollutants.

mg/off-kg (lb/million off-lbs) of refractory metals
surface treated

Pollutant or
pollutant property

PSES
Refractory Metals Forming
Metal Powder Production Floor Wash Water

PSES
Refractory Metals Forming
Metal Powder Pressing Spent Lubricants

PSES
Refractory'Metals Forming
Surfaqe Tieatment Spent Baths
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Table XII-17 (Continued)

mg/off-kg (lb/million off-lbs) of refractory metals
alkaline cleaned

Maximum for
monthly average

:1aximum for
monthly average

Maximum for
anyone day

Maximum for
anyone day

Chromium 5.330 2.180
*Copper 23.000 12.100

Lead 5.080 2.420
*Nickel 23.300 15.400
Silver 4.960 2.060
Zinc 17.700 7.380
Columbium 1. 450

*Fluoride 720.000 320.000
*Molybdenum 80.000 41. 400
Tantalum 5.450
Vanadium 1.210
Tungsten 84.200 33.700

'; S
Re5ractnry Xe~als For~ing

:;'lr!:<·llc,,~ rreat::nen: R:nse

PEFRACTORY METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

?ollutant or
pollutant praperty

Chromium .147 .060
*Copper .635 .334

Lead .140 .067
*Nickel .641 .424
Silver .137 .057
Zinc .488 .204
Columbium .040

*Fluoride 19.900 8.820
*Mclybdenum 2.210 1.140
Tantal'lm "';151
°Jdnad i:ll11 .033
Tungsten 2.330 .929

mglciTt-kg( 1 blm iII ion 0 f f -1 b s-J-of:<re[-r.ae t Or"y-me ta1 s
surface treated

Pollutant or
pollutant property

PSES
Refractory Metals Forming
Alkaline Cleaning Spent Baths
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Table XII-17 (Continued)

mg/off-kg (lb/million off-lbs) of iefractory metals
treated with molten salt

Maximum for
monthly average

Maximum for
monthly average

Maximum for
aJ:lY one day

Maximum for
anyone day

Chromium 3.590 1. 470
*Copper 15.500 8.160

Lead 3.430 1. 630
*Nickel 15.700 10.400
Silver 3.350 1.390
Zinc 11. 900 4.980
Columbium .979

*Fluoride 4·86. 000 216.000
*Molybdenum 54.000 27.900
Tantalum 3.670
Vanadium .816
Tungsten 56.800 22.700

Chromium .279 .114
*Copper 1.200 .633

Lead .266 .127
*Nickel 1. 220 .804
Silver .260 .108
Zinc .924 .386
Columbium .076

*Fluoride 37.700 16.700
*Molybdenum ~.190 2.170

Tantalum .285
Vanadium .063
Tungsten 4.410 1. 760

REFRACTORY METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

PSES
Refractory Metals Forming
Alkaline Cleaning Rinse

mg/off-kg (lb/million off-lbs) of refractory· metals
alkaline cleaned

Pollutant or
pollutant p~operty

PSES
Refractory Metals Forming
Molten Sa1tRinse

Pollutant or
pollutant property
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There shal~ be no discharge of process wastewater
pollutants~

Maximum fo"r---- ~_1aximumfor

any one~ay monthly average

~~ble XII~~7(Continued)

REFRACrORY META~~FORMING' SOB~ATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

Chromium .550 .225
*Copper 2.380 1. 250

Lead .525 .250
*Nickel 2.4'0'0 1.590
Silver . ~'1;3 .213
Zinc 1.·830 .763
Columbium ',~ 150

*Fluoride 7'4.400 3l. 000
*Molybdenum 8.260 4.280
Tantalum .563 ---
Vanadium .125
Tungsten 8.700 3.480

PSES
Refractory Metals Forming
Tumbling or Burnishing Wastewater

Pollutan't or
pollutant property

mg/off-kg--Clb/m1"ll-ion -off-lbsT-ofreTracTory"ffiet-al-s-­
tumbled or burnished

PSES
Refractory Metals forming
Sawing or Grinding Spent Neat Oils
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mg7off-kg (lb/million off-lbs) of refractory metals
sawed or ground with emulsions

mg/off-kg (lb/miliion off-lbs) of refractory m.etals
sawed or ground with contact cooling water

Maximum for
monthly average

Maximum for
monthly average

Maximum for
anyone day

Maximum for
anyone day

Chromium 1.070 .438
*Copper 4.620 2.430

Lead 1.020 .486
*Nickel 4.670 3.090
Silver .997 .413
zinc 3.550 1. 480
Columbium .292

*Fluoride 145.000 64.200
*Molybdenum 16.100 8.310
Tantalum 1.100
Vanadium .243
Tungsten 16.900 6.760

Chromium .131 .054
*Copper .565 .297

Lead .125 .059
*Nickel .570 .377
Silver .122 .051
Zinc .434 .181
Columbium .036

*Fluoride 17.700 7.840
*Molybdenum 1.970 1.020
Tantalum .134
Vanadium .030
Tungsten 2.070 .826

Table XII-17 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
?~ETREATMENT STANDARDS FOR EXISTING SOURCES

PSES
Refractory Metals Forming
Sawing or Gri~ding Spent Emulsions

Pollutant or
pollutant property

Pollutant or .
pollutant property

PSE;S
Refractory Metals Forming
Sawing or Grinding Contact Cooling Water



Table XII-17 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

.216

.014

.078

.016

.099

.013

.047

2.050
.266

Maximum for
monthly average

Maximum for
monthly average

2072

.034

.148

.033

.149

.032

.113

.009
4.620

.513

.035

.008

.540

Maximum fo"r
anyone day

Maximum for
anyone day

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

Chromium .006 .002
*Copper .026 .014

Lead .006 .003
*Nickel .026 '.017
Silver .006 .002
Zinc ' .020 .008
Colu'mbium .002

*Pluoride .803 .357
*Molybdenum .089 .046
Tantalum .006
Vanadium .001
Tungste:: .094 .038

mg/off-kg (lb/million off-lbs-)-oY·s~wedc)r-"ground

refractory metals rinsed -

mg/off-kg (lb/million oEf-lbs) of refractory metals
tested with dye penetrant methods

PSES
aefractory Metals Forming
Sawing or Grinding Rinse

Pollutant or
pollutant property

Pollutant or
pollutant property

PSES
Refractory Metals Forming
Dye Penetrant Testing Wastewater
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Table XII-17 (Continued)

mg/off-kg (lb/million off-lbs) of refractory metals
formed

Maximum for
monthly average

Maximum for
monthly average

Maximum for
anyone day

Maximum for
anyone day

Chromium .060 .025
*Copper .259 .136

Lead .057 .027
*Nickel .261 .173
Silver .056 .023
Zinc .199 .083
Columbium .016

*Fluoride 8.090 3.590
*Molybdenurn .899 .465
Tantalum .061
Vanadium .014
Tungsten .94"'7 .378

REFRACTORY METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

PSES
Refractory Metals Forming
Equipment Cleaning Wastewater

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of refractory metals
formed

Pollutant or
pollutant property

PSES
Refractory Metals Forming
,Miscellaneous Wastewater Sources

Chromium .152 .062
*Copper .656 .345

Lead .145 .069
, *Nickel .663 .438

Silver .142 .059
Zinc .504 .211
Columbium .041

*Fluoride 20.500 9.110
*Molybdenum 2.280 1.180
Tantalum ' .155
Vanadium .035
Tungsten 2.400 .959
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Table XII-17 (Continued)

mg/off-kg (lb/million off-lbs) of refractory metals
formed

Maximum for
monthly average

Maximum for
anyone day

Chromium .346 .142
*Copper 1. 500 .787

Lead .331 .158
*Nickel 1. 510 1.000
Silver .323 .134
zinc 1.150 .480
Columbium .095

'kPluoride 46.800 20.,800
*Molybdenum 5.,200' 2.6,90,
Tantalum .354
Vanadium .079
Tungsten 5.480, ' 2.190

REFRACTQRY METALS FORMI~G,SUBCATEGORY

PRETREATMENT STANDARDS FOR EXISTING SOURCES

PSES
Refractory Metals Forming
Wet Air Pollution Control Blowdown

Pollutant or
pollutant property

PSES
Refractory Metals Forming
Degreasing Spent Solvents

There shall be no discharge of process wastewater
pollutants.
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Table XII-18

TITANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

.088

.488

.059

.098

.620

.298
28.600
12.900

.200

Maximum for
monthly average

.215

.927

.142

.205

.937

.713
65.100
29.100

.459

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of titanium
rolled with contact cooling water

PSES
Titanium Forming
Drawing Spent Neat Oils

PSES
Titanium Forming
Extrusion Spent Neat Oils

PSES
Titanium Forming
Rolling Contact Cooling Water

PSES
Titanium Forming
Rolling Spent Neat Oils

Pollutant or
pollutant property



Table XII-18 (Continued)

TITANIUM FORMING SUBCATEGORY
?~ETREATMENT STANDARDS FOR EXISTING SOURCES

.013

.072

.009

.014

.091

.044
4.220
1. 900

.030

.032

.178

.021

.036

.226

.109
10.500

4.700
.073

Maximum for
monthly average

Maximum for
monthly average

.032.

.137

.021

.030

.138

.105
9.590
4.280

.068

2076

.078

.338

.052

.075

.342

.260
23.700
10.600

.168

Maximum for
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
kFluoride
Titanium

mg/ofE-kg (lb/million off-lbs) of titanium
extruded

mg/-off-kg (lb/million off-lbs) of ti tanium
extruded with emulsions

~SES

:itanium Forming
~xtrusion Spent Emulsions

Pollutant or
pollutant property

Pollutant or
pollutant property

PSES
Titanium Forming
Extrusion Press Hydraulic Fluid Leakage



Table XII-18 (Continued)

TITANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS.FOR EXISTING SOURCES

There shall be no discharge of process wastewater
pollutants.

.007

.040

.005

.008
.• 051
.024

2.350
1.060

.016

.018

.100

.012

.020

.127

.061
5.860
2.640

.041

Maximum for
monthly aver~ge

Maximum for
monthly average

2077

.018

.076

.012

.017

.077

.058
5.330
2.380

.038

.044

.190

.029

.042

.192

.146
13.300

5.950
.094

Maximum for
anyone day

Maximum for
anyone day.

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

mg/off-kg (lb/million off-lbs) of titanium
forged

mg/off-kg (lb/million off-lbs) of forged titanium
cooled with water

Pollutant or
pollutant property

PSES
Titanium Forming
Forging Equipment Cleaning Wastewater

Pollutant or
pollutant property

PSES
Titanium Forming
Forging Contact Cooling Water

PSES
Titanium Forming
Forging Spent Lubricants
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There shall be no allowance for the discharge of
process wastewater pollutants.

.182
1. 010

.121

.202
1.280

.616
59.200
26.700

.414

Maximum for
monthly average

.445
1. 920

.293

.424
1. 940
1. 480

135.000
60.100

.950

Maximum for
anyone, day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Anunonia
*Fluoride
Titanium

There shall be no discharge of process wastewater
pollutants.

Tabl~ XII-18 (Continued)

'TITAN'IUM FORMING,' SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg/off-kg (lb/million off-lbs) of titanium
forged

PSES
Titanium Forming
Heat Treatment Contact Cooling Water

Pollutant or
pollutant property

PSES
Titanium Forming
Forging Press HydraulicFl~id Leakage

PSES
Titanium Forming ,
Tube Reducing Spent Lubricants



Table XII-18 (Continued)

TITANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FO~ EXISTING SOURCES

mg/off-kg (lb/mil1ion off-lbs) of titanium
surface treated

.038

.208

.025

.042

.264

.127
12 . .200

5.490
.085

.526
2.920

.351

.584
3.710
1'.780

171.000
77.100
1. 200

Maximum for
monthly average

Maximum for
monthly average

.092

.395

.060

.087

.400

.304
27.700
12.400

.196

2079

1. 290
5.550

.847
1.230
5.610
4.270

389.000
174.000

2.750

Maximum for
anyone day

Maximum for
anyone day'

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

mg/off-kg (lb/million off-lbs) of titanium
surface treated

Pollutant or
pollutant property

PSES
Titanium Forming
Surface Treatment Rinse

Pollutant or
pollutant property

PSES
Titanium Forming
Surface Treatment Spent Baths



Table XII-18 (Continued)

TITANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

.043

.240

.029

.048

.305

.147
1,4.100

6.340
.098

.050

.276

.033

.055

.351

.169
16.200

7.290
.113

Maximum for
monthly average

Maximum for
monthly average

2080

.106

.456

.070

.101

.461

.351
32.000
14.300

.226

.1'22

.525

.080

.116

.530

.403
36.800
16.400

.260

Maximum for
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Arnmonia
*Pluoride
Titanium

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

Pollutant or
pollutant property

mg/off-kg (lb/million off-.-lbs) -of -t[tanium
alkaline cleaned

mg/off-kg (lb/million off-lbs) of titanium
alkaline cleaned

PSES
Titani.um Forming
Alkaline Cleaning Spent Baths

Pollutant or
pollutant property

PSES
Titanium Forming
Alkaline Cleaning Rinse



Table XII-18 (Continued)

TITANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg/off-kg (lb/million off-lbs) of titanium
tumbled

.014

.079

.009

.016

.101

.048
4.630
2.090

.032

.172

.955

.115

.191
1. 210

.583
56.000
25.200

.. 392

Maximum for
monthly average

Maximum for
monthly average

2081

.035

.150

.023

.033

.152

.116
10.600

4.700
.074

.420
1. 820

.277

.401
1. 840 .
1.400

128.000
56.800

.898

Maximum Eor
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

mg/off-kg (lb/million off-lbs) of titanium
treated with molten salt

PSES
Titanium Forming
Molten Salt Rinse

Pollutant or
pollutant property

PSES
Titanium Forming
Tumbling Wastewater

Pollutant or
pollutant property



Table XII-18 (Continued)

TITANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

.033

.183

.022

.037

.233

.112
10.700

4.830
.075

.086

.476

.057

.095

.605

.291
27.900
12.600

.195

Maximum for
monthly average

Maximum for
monthly average

2082

.081

.348

.053

.077

.352

.267
24.400
10.900

.172

.210

.905

.138

.200

.914

.695
63.500
28.300

.448

Maximum fOl"
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of titanium
sawed or ground with emulsions

Pollutant or
pollutant property

PSES
Titanium Forming
Sawing or Grinding Spent Emulsions

PSES
Titanium Forming
Sawing or Grinding Spent Neat Oils

mg/off-kg (lb/million off-lbs) of titanium
sawed or ground with contact cooling water

Pollutant or
pollutant property

PSES
Titanium Forming
Sawing or Grinding Contact Cooling Water



Table XII~18 (Continued)

TITANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg!off-kg (lb/mil1ion off-lbs) of titanium
formed

mgjoff-kg (lbjmillion off-lbs) of titanium
tested with dye penetrant methods

.006

.032

.004

.006

.041

.020
1.900

.856

.013

.202 .
1.120

.135

.224
1.420

.683
65.700
29.600

.459

Maximum for
monthly average

Maximum for
monthly average

2083

.014

.062

.009

.014

.062

.047
4.320
1. 930

.031

.493
2.• 130

.325

.471­
2.150
1. 640

149.000
66.700
1. 050

Maximum for
any pne day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Ti t.anium

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

Pollutant or
pollutant property

PSES
Titanium Forming
Dye Penetrant Testing Wastewater

Pollutant or
pollutant property

PSES
Titanium Forming
Miscellaneous Wastewater Sources



Table XII-18 (Continued)

TITANIUM FORMING SUBCATEGORY
;RE:REATMENT STANDARDS FOR EXISTING SOURCES

~here shall be no discharge of process wastewater
pollutants.

.039

.214

.026

.043

.272

.131
12.600

5.650
.088

Maximum for
monthly average

2084

.094

.407

.062

.090

.411

.313
28.500
12.800

.201

Maximum for
anyone day

• , ~.J

: '.1-.:;:n Forr:-.ing
;.';..'):'. :.1.5 i ng Spent Sol ven ts

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

mg/off-kg (lb/million off-lbs) of titanium
formed

PSES
Titanium Forming
Wet Air Pollution Control Blowdown

Pollutant or
pollutant property



Table XII-19

URANIUM FORMING SUBCAn:~:G;./?·l·

.PRETREATMENT STANDARDS FOR EXISTING S(·~C~S

mg/off-kg (lb/million off-lbs) of extruded or forged
uranium heat treated

.003

.005

.019

.004

.012

.013

.827

.070

.098

.003

.005

.021

.004

.013

.015

.908
·.077
.108

Maximum for
monthly average

Maximum for
monthly average

2085

.007

.013

.044

.010 .

.019

.035
2.050

.173

.148

.006

.012

.040

.009

.017

.032
1. 860

.158

.134

Ma,Kimum for
anyone .day

Maximum for
anyone day

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium

*Cadmium
*Chromium
*Copper
*Lead.
*Nickel

Zinc
*F1uoride
*Molybdenum

Uranium

?SES
Uranium Forming
Extrusion Tool Contact Cooling Water

Pollutant or
pol~utant property

mg/off-kg (lb/million off-lbs) of-uranium
extruded

Pollutant or
pollutant property

PSES
Uranium Forming
Heat Treatment Contact Cooling Water



Table XII-19 (Continued)

URANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

.002

.004

.017
, .004
.010
.011
.718
.061
.085

.027

.051

.206

.044

.125

.142
8.900

.752
1. 050

Maximum for
monthly average

MaximJ.lm fdr
monthly average

.005

.010

.035

.008

.015

.028
1. 620

.137

.117

2086

.067

.125

.432

.094

.186

.344
20.100
1. 700
1.450

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Pluoride
*Molybdenum

Uranium

*Cadmium
*Chromium
*Copper
*Lead
*Nickel
zinc

*Fluoride
*Molybdenum

uranium

mg/off-kg (lb/million off-lbs) of uranium
surface treated

Pollutant or
pollutant property

PSES
Uranium Forming
Surface Treatment Spent Baths

mg/off-kg (lb/million off-lbs) of uranium
surface treated

Pollutant or
pollutant property

PSES
Uranium Forming
Surface Treatment Rinse



Table XII-19 (Continued)

URANIUM FORMING SUBCATEGORY
PR~T~EATMENT STANDARDS FOR EXISTING SOURCES

mgjoff-kg (lb/million off-lbs) of uranium
sawed or ground with emulsions

..

.013

.025

.101

.022

.061

.069
4.360

.368

.515

.0005
'.0009
.•,0035

~ '0007
.0021
.0024
.1500
.0'127
.0178

Maximum for
monthly average

Maximum .. for
monthly average

2087

.033

.061

.211

.046

.091

.169
9.820

.830

.708

.0011

.0021

.0073

.0016

.0031

.0058

.3380'

.0286

.0244

Maximum. for
anyone day

Maximum for
.any one day

*Cadmiuin
*Chromium
*Copper
*Lead "
*Nicket

Zinc
*Fluoride
*Molybdenum

Uranium

*Cadmium
*Chromium
*Copper
*Lead ,'.
*Nickel '.

Zinc
*Fluoride
*Molybdenwn
Uranium'

PSES
Uranium Forming
Sawing or Grinding Spent Emulsions

mgjoff-kg (lbjmillion off-lbs) of uranium
sawed or ground with contact cooling Wat~r

Pollutant or
pollutant property

Pollutant or
pOllutant pr9pe~ty , .

PSES
Uranium Forming
Sawing or Grinding Contact Cooling Water



Table XII-19 (Continued)

mg70ff-kg (lb/million off-lbs) of sawed or ground,
uranium rinsed

,.003
'.006
.026'
.006
'.Oi6
,.018 '

1.1;30
.096
.134 '

.0004

.0007

.0028

.0006

.0017

.0020

.1230

.0104
•. 0145

Maximl.,lmfor
monthly average

Maximum for
monthly aver,age

2088

.009

.016,

.055

.012

.024

.044
2.550

.216
, .184

.0009

.0017

.0060

.0013

.0026

.0048

.21'10

.0234

.0200

MaXlmum Eor
anyone day

Maximum for
anyone day

URANIUM FORfUNG SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg/off-Kg (lb/million off~lbs) of uranium
formed

Pollutant or
pollutant property

Pollutant or
pollutant property

*Cadmium
*Chromium
*Copper
*Lead
"'NickeL

Zinc
*Fluoride
"'Molybdenum'

Uranium

PSES
Uranium Forming
Sawing or Grinding Rinse

"'Cadmium
"'Chromium
*Copper
*Lead
*Nicke1

Zinc
*F1uoride
*Mo1ybdenum

Uranium

PSES
Uranium Forming
Area Cleaning Washwater



Table XII-19 (Continued)

URANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS POR EXISTING SOURCES

mg/off-kg (lb/million off-lbs) .. of uranium
formed

mg/off-kg (lb/million off-lbs) of uranium
surface treated

.0003

.0005

.0021

.0005

.0013

.0015

.0.922

.0078

.0109

.004

.007

.027

.006

.016

.019
1.170

.099

.138

Maximum for
monthly av~rage

Ma~imum for
monthly average

2089

.009

.016

.057

.012

.024

.045
2.640

.223

.190

.0007

.0013

.0045

.. 0010

.0019

.0036

.2080

.0176

.0'150

Maximum for
anyone day

Maximum for
anyone day

PSES
Uranium Forming
Wet Air Pollution Control Blowdown

Pollutant or
pollutant property

Pollutant or
pollutant property

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum
. Uranium

PSES
. Uranium Forming
Drum Wa.shwater



Table XII-19 (Contlnued)

ORANIUM FORMING SUBcATEGORY
PRETREATMENT STANDARDS' FOR EXISTING SOURCES

mg!emp1oyee-day uranium formed

PSES
Uranium Forming
Laundry Washwater

Pollutant or
pollutant pI:operty

Cadmium
*Cadmium
*Chromium
*Copper
*Lead
*Nicke1

Zinc
*F1uoride
*Molybdenum

Uranium

Maximum for.
anyone day

.005

.010

.034

.007

.014

.027
1..560

.132
'" .113

.190

2090

Maximum for
monthly average

'.002
.004
.016
.003
.010
.011
.692
.058
.082
.138



Table XII-20

ZINC F9RMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg/off-kg (lb/million off-lbs) of zinc
rolled with emulsions

.008

.033

.004

.020

.023

.0002

.0009

.0001

.0005

.0006

Maximum for
monthly average

Maximum f.:Jr
monthly average

2091

.020

.069

.011

.030

.055

.0005

.0018

.0003

.0008

.0014

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

mg/off-kg (lb/million off~lbs) of zinc
rolled with contact cooling water

Pollutant or
pollutant property

PSES
Zinc Forming
Rolling Spent Emulsions

Pollutant or
pollutant property

PSES
Zinc Forming
Rolling Contact Cooling Water



Table XII-20 (Continued)

ZINC FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

.008

.031

.004

.019

.021

.0009

.0035

.0005

.0022

.0024

Maximum for
monthly average

Maximum for
monthly average

2092

.019

.065

.010

.028

.052

.0022

.0074

.0012

.0032

.0059

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

PSES
Zinc Forming
Drawing Spent Emulsions

mg/off-kg (lb/million off-lbs) of zinc
drawn with emulsions

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of zinc cast
by the direct chill method

PSES
Zinc Forming
Direct Chill Casting Contact Cooling Water

Pollutant or
pollutant property



Table XII-20 (Continued)

ZINC FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

PSES
Zinc Forming
Heat Treatmen~ Contact Cooling Water

.012

.047

.006

.028

.032

.013

.054

.007

.033

.037

Maximum for
monthly average

2093

.028

.098

.015

.042

.078'

.033

.114

.018

.049

.091

Maxlmll-mE-)i--~0.aximumfor
anyone day monthly average

Maximum for
anyone day

*Chromium ­
*Copper
*Cyanide
Nickel

*Zinc

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

mg/off-kg (lb/million off-lbs) of zinc
surface treated

Pollutant or
pollutant property

Pollutant or
pollutant property

PSES
Zinc Forming
Surface Treaternent Spent Baths

rng/off-kg (lb/rnillion off-Ibs) ofzinc -----­
hea.t treated



Table XII-20 (Continued)

ZINC FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

.054

.219

.029

.133

.151

.0005

.0022

.0003

.0013

.0015

Maximum for
monthly average

Maximum for
monthly average

.133

.458

.072

.197

.365

2094

.0013

.0046

.0007

.0020

.0036

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

PSES
Zinc Forming
Surface Treatment Rinse

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of zinc
surface treated

mg/off-kg (lb/million off-lbs) of zinc
alkaline cleaned

PSES
Zinc Forming
Alkaline Cleaning Spent Baths

Pollutant or
pollutant property



Table XII-20 (Continued)

ZINC FORMING SUBCATEGORY
PRETREATMENT STAND<'\RDS FOR EXISTING SOURCES

mg/off-kg (lb/million off-lbs) of zinc
alkaline cleaned

.004

.015

.002

.009

.010

.254
1. 030

.135

.626

.710

Ma-xlmum for
monthly average

Maximum for
monthly average

2095

.009

.031

.005

.013

.024

.626
2.170

.338

.930
1. 730

Max irntlm for
anyone day

Maximum f:Jr
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

*Chromium
*Copper
*Cyanide
Nickel

*Zinc"

mg/off-kg (lb/million off-lbs) of zinc
sawed or ground with emulsions

PSES
Zinc Forming
Alkaline Cleaning Rinse

PSES
Zinc Forming
Sawing or Grinding Spent Emulsions

Pollutant or
pollutant property

Pollutant or
pollutant property



Table XII-20 (Continued)

ZINC FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

.034

.140

.018

.085

.096

Maximum for
monthly average

2096

.085

.293

.046

.126

.234

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

PSES
Zinc Forming
Electrocoating Rinse

rng/off-kg (lb/rnillion off-lbs) of zinc
electrocoated

Pollutant or
pollutant property



Table XII-21

mg/off-kg (lb/million off-lbs.) of zirconium-hafnium
extruded

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
PRETREATMENT STANDARuS FOR EXISTING SOURCES

.043

.237

.029

.047

.301

.145
13.900

6.260
3.300

Maximum for
monthly average

2097

.104

.451

.069

.100

.455

.346
31.600
14.100

6.830

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

PSES
Zirconium-Hafnium Forming
Rolling Spent Neat Oil?

Pollutant or
pollutant property

PSES
Zirconium-Hafnium Forming
Extrusion Spent Lubricants

PSES
Zirconium-Hafnium Forming
Drawing Spent Lubricants

PSES
Zirconium-Hafnium Forming
Extrusion Press Hydraulic Fluid Leakage



Table XII-2l (Continued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

.006

.034

.004

.007

.044

.021
2.010

:906
.477

Maximum for
monthly average

.015

.065

.010

.014

.066

.050
4.570
2.040

.988

2098

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Anunonia
*Fluoride

Zirconium

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

PSES
Zirconium-Hafnium Forming
Swaging Spent Neat Oils

PSES
Zirconium-Hafnium Forming
Tube Reducing Spent Lubricants

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
heat treated

PSES
Zirconium-Hafnium Forming
Heat Treatment Contact Cooling Water

Pollutant or
pollutant property



Table XII-21 (Contin~ed)

mg/off-kg (lb/million off-lbs) of zirconi~m-hafnium

surface treated

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
surface treated

.061

.340

.041

.068

.432
~208

19.900
8.980
4.730

.160

.888

.107

.178
1.130

.542
52.100
23.500
12.400

Maximum for
mO,nthly average

Maximum for
,monthly average

.150

.646

.099

.143

.653

.497
45.300
20.300
9.790

2099

.391
1. 690

.258

.373
1. 710
1. 300

119.000
52.900
25.600

Maximum for
anyone day

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
zinc

*Ammonia
*Pluoride

Zirconium

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Pluoride

Zirconium

ZIRCONIUM-HAPNIUM PORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

PSES
Zirconium-Hafnium Porming
Surface Treatment Spent Baths

Pollutant or
pollutant property

PSES
Zirconium-Hafnium Forming
Surface Treatment Rinse

Pollutant qr
pollutant property



Table XII-21 (Continued)

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
alkaline cleaned

mg/off-kg (lb/million off-Ibs) of zirconium-hafnium
alkaline cleaned

.288
1. 600

.192

.320
2.030

.976
93.800
42.300
22.300

.565
3.140

.377

.628
3.990
1. 920

184.000
82.900
43.700

Maximum for
monthly average

Maximum for
monthly average

.704
3.040

.464

.672
3.070
2.340

213.000
95.200
46.100

2100

1. 380
5.970

.911
1. 320
6.030
4.590

419.000
187.000

90.500

Maximum for
anyone day

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirt::onium

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

PSES
Zirconium-Hafnium Forming
Alkaline Cleaning Spent Baths

Pollutant or
pollutant property

Pollutant or
pollutant property

PSES
Zirconium-Hafnium Forming
Alkaline Cleaning Rinse



2101

Table XII-21 (Continued)

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
treated with molten salt

.136

.756

.091

.151
.. 960

.'461
44.300
20.000
10.500

l1aximum for
monthly average

.333
1.440

.219

.318
1. 450
1.110

101.000
45.000
21.800

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

PSES
Zirconium-Hafnium Forming
Molten Salt Rinse

PSES
Zirconium-Hafnium Forming
Sawing or Grinding Spent Neat Oils

There shall be no discharge of process wastewater
pollutants.

Pollutant or
pollutant property



Table XII-21 (Con~inued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

.051

.281

.034

.056

.357

.172
16.500

7.420
3.910

.058

.321

.039

.064

.408

.196
18.800

8.480
4.460

Maximum for
monthly average

Maximum for
monthly average

2102

.124

.534

.082

.118

.540

.410
37.500
16.700

8.090

.141

.610

.093

.135

.617

.469
42.800
19.100

9.250

Maximum for
anyone day

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium

PSES
Zirconium-Hafnium Forming
Sawing or Grinding Spent Emulsions

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Anunonia
*Fluoride

zirconium

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
sawed or ground with emulsions

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
sawed or ground ~~ith contact cooling water

PSES
Zirconium-Hafnium Forming
Sawing or Grinding Contact Cooling Water

Pollutant or
pollutant property



Table XII-21 (Continued)

mg/off-kg (lb/million off-Ibs) of zirconium-hafnium
tested

mg/off-kg (lb/million off-lbs) of sawed or ground
zirconium-hafnium rinsed

.003

.015

.002

.003

.020

.009

.903

.407

.214

.032

.180

.022
,.036
.• 229
.110

10.600
4.750
,2.500

Maximum for
monthly average

Maximum for
monthly average

2103

.007

.029

.004

.006

.030

.023
2.050

.917

.444

.079

.342

.052

.076

.346

.263
24.000
10.700

5.190

Maximum for
anyone day

Maximum for
any· one day

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Arnmonia
*Fluoride

Zirconium

ZIRCONIUM-HAFNIUM'FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

PSES
Zirconium-Hafnium Forming
Inspection and Testing Wastewater

PSES
Zirconium-Hafnium Forming
Sawing or Grinding Rinse

Pollutant or
pollutant property

Pollutant or
pollutant property



Table XII-21 (Continued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

PSES
Zirconium-Hafnium Forming
Degreasing Spent Solvents

There shall be no discharge of process wastewater
pollutants.

PSES
Zirconium-Hafnium Forming
Wet Air Pollution Control Blowdown

There shall be no allowance for the discharge of process
wastewater pollutants.

PSES
Zirconium-Hafnium Forming
Degreasing Rinse

There shall be no discharge of process wastewater
pollutants.

2104



Table XII-22

METAL POWDERS SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

mg/off-kg (lb/million off-lbs) of powder metallurgy
parts tumbled, burnished, or cleaned

.907
5.040

.605
1.010
6.400
3.080

16.100
3.080

.792
4.400

.528

.880
5.590
2.690

14.100
2.690

Maximum for
mor:.thly average

Maximum for
monthly average

2105

1. 940
8.360
1.280
1.850
8.450
6.430

28.300
5.280

2.220
9.580
1.460
2.120 .
9.680
7.360

32.400
6.050

Maximum for
anyone day

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

PSES
Metal Powders
Metal Powder Production Atomization Wastewater

mg/off-kg (lb/million off-lbs) of powder
wet atomized

Pollutant or
pollutant property

Pollutant or
pollutant property

PSES
Metal Powders
Tumbling, Burnishing, or Cleaning Wastewater



Table XII-22 (Continued)

METAL POWDERS SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

.003

.018

.002

.004

.023

.011

.058

.011

.292
1. 620

.195

.324
2.060

.988
5.190

.988

Maximum for
monthly average

Maximum for
monthly average

.008

.034

.005

.008

.035

.026

.117

.022

2106

.713
3.080

.470

.681
3.110
2.370

10.400
1. 950

Maximum for
anyone day

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel
zinc
Aluminum
Iron

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

There shall be no discharge of process wastewater
pollutants.

PSES
Metal Powders
Sawing or Grinding Spent Neat Oils

mg/off-kg (lb/million off-lbs) of powder metallurgy
parts sawed or ground with emulsons

Pollutant or
pollutant property

PSES
Metal Powders
Sawing or Grinding Spent Emulsions

mg/off-kg (lb/million off-lbs) of powder metallurgy
parts sawed or ground with contact cooling water

PSES
Metal Powders
Sawing or Grinding Contact Cooling Water

Pollutant or
pollutant property



Table XII-22 (Coritinued)

METAL POWDERS SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

.'003

.015

.002

.003

.019

.009

.047

.009

.143

.792

.095

.159
1.010

.483
2.540

.483

Maximum for
monthly average

Maximum for
monthly average

.006

.028

.004

.006

.028

.021

.094

.,018

2107

.349
1.510

.230

.333
1. 520
1.160
5.090

.951

Maximum for
anyone day

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

mg/off-kg (lb/million off-lbs) of powder metallurgy
parts steam treated

mg/off-kg (lb/million off-lbs) of powder
sized

PSES
Metal Powders
Sizing Spent Neat Oils

There shall be no discharge of process wastewater
pollutants.

PSES
Metal Powders
Sizing Spent Emulsions

PSES
Metal Powders
Steam Treatment Wet Air Pollution Control Blowdown

Pollutant or
pollutant property

Pollutant or
pollutant property



Table XII-22 (Continued)

METAL POWDERS SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

There shall be no discharge of process wastewater
pollutants.

1.590
8.800
1. 060
1. 760

11.200
5.370

28.200
5.370

Maximum for
monthly average

2108

3.870
16.700

2.550
3.700

16.900
12.900
56.600
10.600

Maximum for
anyone day

.
Chromium

*Copper
*Cyanide
*Lead

Nickel
Zinc
Aluminum
Iron

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of powder
cooled after pressing

PSES
Metal Powders
Oil-Resin Impregnation Spent Neat Oils

Pollutant or
pollutant property

PSES
Metal Powders
Degreasing Spent Solvents

PSES
Metal Powders
Hot Pressing Contact Cooling Water



Table XII-22 (Continued)

METAL POWDERS SUBCATEGORY
PRETREATMENT STANDARDS FOR EXISTING SOURCES

1. 420
7.900

.948
1.580

10.100
4.820

25.300
4.820

Maximum for
monthly average

2109

3.480
15.000

2.290
3.320

15.200·
11. 600
50.800
9.480

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

mg/off-kg (lb/million off-lbs) of powder mixed

Pollutant or
pollutant property

PSES
~Metal Powders
'Mixing Wet Air Pollution Control Blowdown



Table XII-23

2110

.030

.005

.055

.009

Maximum for
monthly average

Maximum for
monthly average

.067

.010

.124

.018

Maximum fo.r
anyone day

Maximum ':or
anyone ,jay

*Antimony
*Lead

*Antimony
*Lead

There shall be no discharge of process wastewater
pollutants.

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
rolled with soap solutions

mg/oEf-kg (lb/million off-lbs) of lead-tin-bismuth
rolled with emulsions

Pollutant or
pollutant property

PSNS
Lead-Tin-Bismuth Forming
Rolling Spent Emulsions

PSNS
Lead-Tin-Bismuth Forming
Drawing Spent Neat Oils

PSNS
Lead-Tin-Bismuth Forming
Rolling Spent Soap Solutions

Pollutant or
pollutant property



mg/off-kg (lb/million off-Ibs) of lead-tin-bismuth
drawn with emulsions

Table XII-23 (Continued)

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
drawn with soap solutions

.034

.005

.010

.001

.185

.029

Maximum for
monthly average

Maximum for
monthly average

Maximum for
monthly average

.076

. all'

.021

.003

.413

.061

2111

Maximum for
anyone day

Maximum for
anyone day

Maximum for
anyone day

*Antimony
*Lead

*Antimony
*Lead

*Antimony
*Lead

PSNS
Lead-Tin-Bismuth Forming
Drawing Spent Emulsions

Pollutant or
pollutant property

PSNS
Lead-Tin-Bismuth Forming
Drawing Spent Soap Solutions

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
heat treated

Pollutant or
pollutant property

PSNS
Lead-Tin-Bismuth Forming
Extrusion Press or Solution Heat Treatment Contact
Cooling Water

Pollutant or
pollutant property



Table XII-23

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
extruded

.070

.011

.0023

.0004

.0013

.0002

Maximum for
monthly average

Maximum for
monthly average

Maximum for
monthly average

.158

.023

.0051

.0008

.0029

.0004

2112

Maximum for
anyone day

Max':"Jlum for
anyone day

Maximum for
anyone day

*Antimony
*Lead

*Antimony
*Lead

*Antimony
*Lead

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

PSNS
Lead-Tin-Bismuth Forming
Extrusion Press Hydraulic Fluid Leakage

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
swaged with emulsions

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
cast by the continuous strip method

Pollutant or
pollutant property

PSNS
Lead-Tin-Bismuth Forming'
Swaging Spent Emulsions

PSNS
Lead-Tin-Bismuth Forming
Continuous Strip Casting Contact Cooling Water

Pollutant or
pollutant property

Pollutant or
pollutant property



Table XII-23

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

PSNS
'Lead-Tin-Bismuth Forming
Semi-Continuous Ingot Casting Contact Cooling Water

.048

.007

.075

.012

.004

.001

Maximum for
monthly average

Maximum for
monthly average

Maximum for
monthly average

.169

.025

.008

.001

.107

.016

2113

Maximum for
anyone day

Maximum for
anyone day

Maximum for
anyone day

*Antimony
*Lead

*Antimony
*Lead

*Antimony
*Lead

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
ingot cast by the semi-continuous method

mg/oEf-kg (lb/million off-Ibs) of lead-tin-bismuth
shot formed

PSNS
Lead-Tin-Bismuth Forming
Shot-Forming Wet Air Pollution Control Blowdown

Pollutant or
pollutant property

PSNS
Lead-Tin-Bismuth Forming
Shot Casting Contact Cooling Water

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
shot cast

Pollutant c:
pollutant Froperty



Table XII-23

2114

.154

.024

.302

.047

Maximum for
monthly average

Maximum for
monthly average

.345

.050

.678

.099

Maximum for
anyone day

Maximum for
anyone day

*Antimony
*Lead

*Antimony
*Lead

LEAD-TIN-BISMUTH FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

There shall be no discharge of process wastewater
pollutants.

PSNS
Lead-Tin-Bismuth Forming
Alkaline Cleaning Spent Baths

Pollutant or
pollutant property

PSNS
Lead-Tin-Bismuth Forming
Degreasing Spent Solvents

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
alkaline cleaned

mg/off-kg (lb/million off-lbs) of lead-tin-bismuth
alkaline cleaned

PSNS
Lead-Tin-Bismuth Forming
Alkaline Cleaning Rinse

Pollu::ant or
pollutant property



Table XII-24

mg/off-kg (lb/million off-lbs) of forged magnesium
cooled with water

MAGNESIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.011

.031
4.370
1. 970

.043

.122
17.000

7.630

Maximum for
monthly average

Maximum for
monthly average'

.028

.076 .
9.950
4.440

.005

2115

.107

.295
38.500
17.200

.019

Maximum for
anyone da.y

Maximum for
anyone day

*Chromium
*Zinc
*Ammonia
*Fluoride

Magnesium

*Chromium
*Zinc
*Ammonia
*Fluoride
Magnesium

mg/off-kg (lb/million off-lbs) of '-ma-gnesium
rolled with emulsions

There shall be no discharge 'of process wastewater
pollutants.

Pollutant or
pollutant property

PSNS
Magnesium Forming
Rolling Spent Emulsions

Pollutant or
pollutant property

PSNS
Magnesium Forming
Forging Spent Lubricants

PSNS
Magnesium Forming
Forging Contact Cooling Water



".,

Table XII-24 (Continued)

.0006

.0017

.2340

.1060

.593
1. 660

232.000
104.000

Maximum for
monthly average

Maximum for
monthly average

.0015

.0041

.5320

.2380

.0003

2116

1. 460
4.030

527.000
235.000

.265

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Zinc
*Arnmonia
*Fluoride
Magnesium

*Chromium
*Zinc
*Ammonia
*Fluoride
Magnesium

MAGNESIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

mg/off-kg (lb/million off-lbs) of magnesium
forged

mg/off-kg (lb/million off-lbs) of magnesium
cast with direct chill methods

PSNS
Magnesium Forming
Forging Equipment Cleaning Wastewater

Pollutant or
pollutant property

Pollutant or
pollutant property

PSNS
Magnesium Forming
Direct Chill Casting Contact Cooling Water



Table XII-24 (Continued)

MAGNESIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

mg/off-kg (lb/million off-lbs) of magnesium
surface treated

.070

.196
27.300
12.300

.284

.794
Ill. 000

49.900

Maximum for
monthly average

Maximum for
monthly average

.173

.476
62.100
27.700

.031

2117

.700
1. 930

252.000
113.000

.127

Maximum for
anyone day

Maximum for
anyone day

""Chromium
*Zinc
*Ammonia
*Fluoride
Magnesium

*Chromium
*zinc
*Ammonia
""Fluoride
Magnesium

mg/off-kg (lb/million off-lbs) of magnesium
surface treated

PSNS
Magnesium Forming
Surface Treatment Rinse

PSNS
Magnesium Forming
Surface Treatment Spent Baths

Pollutant or
pollutant property

Pollutant or
pollutant property



Table XII-24 (Continued)

MAGNESIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

There shall be no discharge of process wastewater
pollutants.

.003

.008
1.140

.515

.093

.260
36.300
16.400

Maximum for
monthly average

Maximum for
monthly average

.007

.020
2.600
1.160

.001

.229

.632
82.500
36.900

.042

2118

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Zinc
*Ammonia
*Fluoride

Magnesium

*Chromium
*Zinc
*Anunonia
*Fluoride

Magnesium

PS:-~S

~agnesium Porming
Sawing or Grinding Spent Emulsions

mg/off-kg (lb/million off-lbs) of magnesium
formed

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of magnesium
sawed or ground

PSNS
Magnesium Forming
Degreasing Spent Solvents

PSNS
Magnesium Forming
Wet Air Pollution Control Blowdown

Pollutant or
pollutant property



There shall be no discharge of process wastewater
pollutants.

PSNS
Nickel-Cobalt Forming
Rolling Spent Neat Oils

Table XII-25

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.014

.026

.104

.022

.063

.071
4.490

.006

.011

.046

.010

.028

.032
1.990

Maximum for
monthly average

Maximum for
monthly average

2119

.015

.028

.097

.021

.042

.077
4.490

.034

.063

.218

.048
~094

.174
10.100

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*F1uoride

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

mg/off-kg (lb/million off-lbs) of nickel-cobalt
rolled with emulsions

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of nickel-cobalt
rolled with water

PSNS
Nickel-Cobalt Forming
Rolling Spent Emulsions

Pollutant or
pollutant property

PSNS
Nickel-Cobalt Forming
Rolling Contact Cooling Water



2120

There shall be no discharge of process wastewater
pollutants.

.008

.014

.058

.012

.035

.040
2.520

Maximum for
monthly average

.019

.035

.122

.027

.053

.097
5.680

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nicke1
Zinc

*Fluoride

There shall be no discharge of process wastewater
pollutants.

Table XII-25 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

mg/off-kg (lb/million off-lbs) of nickel-cobalt
drawn with emulsions

PSNS
Nickel-Cobalt Forming
Tube Reducing Spent Lubricants

PSNS
Nickel-Cobalt Forming
Drawing Spent Neat Oils

There shall be no discharge of process wastewater
pollutants.

PSNS
Nickel-Cobalt Forming
Drawing Spent Emulsions

Pollutant or
pollutant property

PSNS
Nickel-Cobalt Forming
Extrusion Spent Lubricants



2121

There shall be no discharge of process wastewater
pollutants.

Table XII-25 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.007

.013

.051

.011

.0;31

.035
2.200

.019

.035

.142

.030

.086

.098
6.130

Maximum for
monthly average

Maximum for
monthly average

.017

.031

.107

.023

.046

.085
4.950

.046

.086

.297

.065

.128

.237
13.800

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

mg/off-kg (lb/million off-lbs) of nickel-cobalt
heat treated

mg/off-kg (lb/million off-lbs) of nickel-cobalt.
extruded

Pollutant or
pollutant property

PSNS
Nickel-Cobalt Forming
Forging Spent Lubricants

Pollutant or
pollutant property

PSNS
Nickel-Cobalt Forming
Extr.usion Press or Solution Heat Treatment Contract
Cooling Water

PSNS
Nickel-Cobalt Forming
Extrusion Press Hydraulic' Fluid Leakage



Table XII~25 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.004

.007

.029

.006

.018

.020
1. 250

.0003

.0006

.0024

.0005

.0015

.0017

.1060

Maximum for
monthly average

Maximum for
monthly average

2122

.009

.018

.061

.013

.026

.048
2.820

.0008

.0015

.0051

.0011

.0022

.0041

.2380

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

PSNS
Nickel-Cobalt Forming
Forging Contact Cooling Water

mg/off-kg (lb/million off-lbs) of forged nickel-cobalt
cooled with water

Pollutant or
pollutant property

Pollutant or
pollutant property

mg/off-kg (lb/mil1ion off-lbs) of nickel-cobalt
forged

PSNS
Nickel-Cobalt Forming
Forging Equipment Cleaning Wastewater



Table XII-25 (Continued)

NICKEL-COBALT ~ORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.015

.028

.114

.024

.069

.079
4.9-40

.210

.393
1.600

.341

.970
l.lOO

69.200

Maximum for
monthly average

Ma~imum for
monthly average

.037

.069

.240

.052

.103

.191
11.100

2123

.524

.970
3.360

.734
1.440
2.670

156.000

Maximum for
anyone day

l>iaximum for:
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
zinc

*Fluoride

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

mg/off-kg (lb/million off-lbs) of nickel-cobalt
metal powder atomized

mg/off-kg (lb/million off-lbs) of nickel-Cobalt
forged

PSNS
Nickel-Cobalt Forming
Forging Press Hydraulic Fluid Leakage

PSNS
Nickel-Cobalt Forming
Metal Powder Production Atomization Wastewater

Pollutant or
pollutant property

Pollutant or
pollutant property



2124

Table XII-25 (Continued)

.097

.182
.• 738
.158
.448
.508

32.000

Maximum for
monthly average

.242

.448
1. 550

.339

.666
1. 240

72.000

., Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

There shall be no allowance for the discharge of
process wastewater pollutants.

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

There shall be no allowance for the discharge of
process wastewater pollutants.

PSNS
Nickel-Cobalt Forming
Stationary Casting Contact Cooling Water

mg/off-kg (lb/million off-lbs) of nickel-cobalt
cast with stationary casting methods

Pollutant or
pollutant property

PSNS
Nickel-Cobalt Forming
Annealing and Solution Heat Treatment Contact Cooling Water

PSNS
Nickel-Cobalt Forming
Vacuum Melting Steam Condensate



Table XII-25 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW' SOURCES

.075

.140

.571

.122

.346

.393
24.700

.189

.354
1. 440

.307

.873

.991
62.300

Maximum for
monthly average

Maximum for
monthly average

.187

.346
1.200

.262

.514

.954
55.700

2125

.472

.873
3.020

.661
1. 300
2.410

141.000

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

mg/off-kg (lb/million off-lbs) of nickel-cobalt
surface treated

Pollutant or
pollutant property

PSNS
Nickel-Cobalt Forming
Surface Treatment Spent Baths

PSNS
Nickel-Cobalt Forming
Surface Treatment Rinse

mg/off-kg (lb/million off-lbs) of nickel-cobalt
surface treated

Pollutant or
pollutant property



Table XII-25 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

mg/off-kg (lb/million off-lbs) of nickel-cobalt
treated with ammonia solution

mg!off-kg (lb/million off-lbs) of nickel-cobalt
alkaline cleaned

.001

.002

.009

.002

.005

.006

.391

.003

.005

.021

.004

.013

.014

.895

Maximum for
monthly average

Maximum for
monthly average

.003

.005

.019

.004

.008

.015

.881

2126

.007

.013

.043

.009

.019

.035
2.020

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

PSNS
Nickel-Cobalt Forming
Ammonia Rinse

Pollutant or
pollutant property

Pollutant or
pollutant property

PSNS
Nickel-Cobalt Forming
Alkaline Cleaning Spent Baths



Table XII-25 (Continued)

NICKEL-COBALT FORMING SUBCATE~ORY

PRETREATMENT STANDARDS FOR NEW SOURCeS

.019
.• 035·
.142
.030
.08·6
.098

6.150

.068
.• 127'

.515""

.110

.312

.355
22.300

Maximum for .
monthly average

Maximum for
monthly average

2127

.169

.312
1.080

.237

.464

.861
50.200

.047

.086

.298

.065

.128

.238
13.900

Maximum for
any one d~y

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

Cadmium
*Ch.romium
Copper
Lead

*Nickel
Zinc,

*Fluoride

PSNS
Nickel-Coba~t Forming
Alkaline Cleaning Rinse

Pollutant or
pollutant pr6perty

mg/off-kg (lb/million off-lbs) of nickel-cobalt
alkaline cleaned

mg/off-kg (lb/million off-lbs). of nickel~cobalt
treated with molten salt

PSNS
Nickel-Cobalt Forming
Molten Salt Rinse

Pollutant or
pollutant property



Table XII-25 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

mg/off-kg (lb!million off-lbs)of sawed or ground
nickel-cobalt rinsed

.003

.006

.024

.005

.015

.017
1.040

.015

.027

.111

.024

.067

.076
4.780

Maximum for
monthly average

Maximum for
monthly average

.008

.015

.051

.011

.022

.040
2.350

2128

.036

.067

.232

.051

.100

.185
10.800

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc "

*Fluoride

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

mg/off-kg (lb/million off-lbs) of nickel-cobalt
sawed or ground with emulsions

Pollutant or,
pollutant property

PSNS
Nickel-Cobalt Forming
Sawing or Grinding Spent Emulsions

Pollutant or
pollutant property

PSNS
Nickel-Cobalt Forming
Sawing or Grinding Rinse



There shall be no allowance for the discharge of
process wastewater pollutants.

PSNS
Nickel-Cobalt Forming
Hydrostatic Tube Testing and Ultrasonic Testing Wastewater

Table XII~25 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.002

.005

.018

.004

.011

.013

.79-5

.017

.032

.130

.028

.079

.090
5.630

Maximum for
monthly average

Maximum for
monthly average

-~-"'----.

.006

.011

.039

.008

.017

.031
1.790

2129

.043

.079

.273

.060

.117

.217
12.700

Maximum for
anyone day

Maximum for
anyone day

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

Pollutan-t or
pollutant property

mg!off-kg (lb!million off-lbs) of nickel-cobalt
tested with dye penetrant methods

PSNS
Nickel-Cobalt Forming
Stearn Cleaning Condensate

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) o~ickel-cobalt
steam cleaned

PSNS
Nickel-Cobalt Forming
Dye Penetrant Testing Wastewater



Table XII-25 (Continued)

NICKEL-COBALT FORMING' :SUBCATEGORY
PRETREATMENT STANDARDS FOR 'NEW SOURCES

.020

.037

.150

.032

.,091

.1'04
6.500

.065
~1:i:i

.494

.106

.300

.340
21.400

Maximum for
monthly average

Maximum for
m.onthly avera9~'

2130

.162

.300
1.040

.227

.446

.826
48.200

.049

.091

.315

.069

.136

.251
14.700

Maximum for
anyo,ne .d;:lY

Maximum for
anyone day

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

Cadmium
*Chromium

Copper
Lead

*Nickel
Zinc

*Fluoride

mg/off-kg (lb/million off-lbs) of'nickel-cobalt
formed

mg/off-kg (lb/rnillion off-lbs) of nickel-cobalt
formed

Pollutant or
pollutant property

PSNS
Nickel-Cobalt Forming
Miscellaneous wastewater Sources

PSNS
Nickel-Cobalt Forming
Wet Air Pollution Control 'Blowdown

Pollutant or
pollutant property

PSNS
Nickel-Cobalt Forming
Degreasing Spent:' Solvents

There shall be no discharge of· pr;ocess wastewa,ter
pollutants. :,.



Table XII-25 (Continued)

NICKEL-COBALT FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

mg!off-kg (lb!million off-lbs) of nickel-cobalt
electrocoated

PSNS
Nickel-Cobalt Forming
Electrocoating Rinse

Pollutant or
pollutant property

Cadmium
*Chromium
Copper
Lead

*Nickel
Zinc

*Fluoride

Maximum for
anyone day

.674
1.250
4.320

.944
1.860
3.440

201.000

2131

Maximum for
monthly average

.270

.506
2.060

.438
1.250
1.420

89.'000



2132

Table XII-26

.012

.014

.077

.009

.015

.098

.013

.047

Maximum for
monthly average

.026

.034

.147

.022

.032
.• 148
.032
.113

Maximum for
anyone day

PSNS
Precious Metals Forming
Drawing Spent Neat Oils

There shall be no discharge of process wastewater
pollutants.

PRECIOUS METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

There shall be no discharge of process wastewater
pollutants.

*Cadmium
Chromium

*Copper
*:yanide
*..i:tead
Nickel

*Si1ver
zinc

mg/off-kg (lb/million off-lbs) of precious metals
rolled with emulsions

pol;Lutant or
pollutant property

PSNS
Precious Metals Forming
Rolling Spent Emulsions

PSNS
precious Metals Forming
Rolling Spent Neat Oils



Table XII-26 {Continued)

PRECIOUS METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

mg/off-kg (Ib/million off-lbs) of precious metals
drawn with emulsions

.007

.009

.048

.006

.010

.060

.008

.029

.0005

.0006

.0031

.0004

.0006

.0040

.0005

.0019

Maximum for
monthly average

Maximum for
monthly average

.016

.021

.090

.014

.020

.091

.020

.069

.0011

.0014

.0059

.0009

.0013

.0060

.0013

.0046

2133

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
'Zinc

PSNS
Precious Metals Forming
Drawin~ Spent Emulsions

mg/off-kg (lb/million off-lbs) of precious metals
drawn with soap solutions

Pollutant or
pollutant property

PSNS
Precious Metals Forming
Drawing Spent Soap Solutions

Pollutant or
pollutant property



mg/off-kg (lb/million off-lbs) ,9f precious 'metals
cast by the direct chill method

--:r-r:-;::-......----;-:;-.,..".-:;,.........,....,..-:;:-;- -;;:-;::---:;-.------:--''---:;::-- -.----:----;----,..----.•
mg/off-kg (lb/million off-lbs) of precious'metals
powder wet atomized

1. 000
1. 2QO
6:680

.802
1.340
8~490
1.140
4.080

.162
.: .195
1. 080.

.130

.216
1. 37.0

.184

.659

Maximum for
monthly average

Maximum for
. monthly average

2134

.367

.475
2.050

.313

.454
2.080

.443
1.580

2.270
2.940

12.700
1.940
2.810

12.800
2.740
9.750

Maximum for
anyone day

Maximum for
. any'one'day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Cadmium
Chromium

*Copper
*Cyahide
*Lead
Nickel

*Silver
Zinc

Table XII-26 (Continued)

PRECIOUS METALS'FORMING 'SUBCATEGORY
PRETREATMENT STANDARDS FOR ~EW SOURCES

PSNS
Precious Metals Forming
Metal Powder Production Atomization Wastewater

Pollutant or
pollutant property

PSNS
Precious Metals Forming
Direct Chill Casting Contact. Cooling Water

Pollutant or
pollutant property



Table XII-26 (Continued)

PRECIOUS METALS·FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

mg/off-kg .(lb/million off-lbs) of precious metals cast
by the semi-continuous or continuous method

.055

.066

.367

.044

.07.3

.466

.062

.224

.155

.186
1. 030

.124

.206
1.310

.175

.629

Maximum for
monthly average

Maximum for
monthly average

.125

.162

.698

.107

.154

.705

.151

.536

.350

.453
1.960

.299

.433
1.980

.423
1.510

2135

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

mg/off-kg (lb/million off-lbs) of precious metals
shot cast

There shall be no discharge of process wastewater
pollutants.

PSNS
Precious Metals Forming
Shot Casting Contact Cooling Water

Pollutant or
pollutant property

Pollutant or­
pollutant property

PSNS
Precious Metals Forming
Stationary Casting Contact Cooling Water

PSNS
Precious Metals Forming
Semi-Continuous and Continuous Casting Contact
Cooling Water



mg/off-kg (lb/million off-lbs) of extruded precious
metals heat treated

Table XII-26 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.015

.017

.096

.012

.019

.123

.016

.059

.063

.075

.417

.050

.083

.530

.071

.255

Maximum for
monthly average

Maximum for
monthly average

.142

.184

.793

.121

.175

.801

.171

.609

.033

.042

.183

.028

.041

.185

.04.0

.141

2136

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

mg/off-kg (lb/million off-lbs) of precious metals
surface treated

PSNS
Precious Metals Forming
Heat Treatment Contact Cooling Water

Pollutant or
pollutant property

Pollutant or
pollutant property

PSNS
Precious Metals Forming
Surface Treatment Spent Baths



Table XII-26 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.092

.111

.616

.074

.123

.783

.105

.376

.009

.011

.060

.007

.012

.076

.010

.037

Maximum for
monthly average

Maximum for
monthly average

.020

.026

.114

.017

.025

.115
~025

.088

2137

.210

.271
1.170

0179
.259

1.180
.253
.900

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

mg/off-kg (lb/million off-lbs) of precious metals
surface treated

Pollutant or
pollutant property

PSNS
Precious Metals Forming
Surface Treatment Rinse

PSNS
Precious Metals Forming
Alkaline Cleaning Spent Baths

Pollutarlt or
pollutant property

mg/off-kg (lb/million off-lbs) of precious metals
a+kaline cleaned

*Cadmium
Chromium

*Copper
*Cyanide

.*Lead
Nickel

*Silver
Zinc



mg/off-kg (lb/million off-lbs) of precious metals
alkaline cleaned

mg/off";'k~r (lb)mi11ion off;;"lbs) .of precious metals and
base metal cleaned prior to bonding

.168

.202
1.120

.135

.224
1.420
, .191

.683

.174

.209
1.160

.139

.232
1. 480

.197

.708

, ..

Maximum for
monthly average

Maximum for
monthly average

2138

.381

.493
2.130

.325

.471
2.150

.459
1. 640

.395

.511
2.210

.337

.487
2.230

.476
1.700

Maximum for
anyone day

Maximum for
" any" one' day

*Cadmium
Chromium

*Copper
*cyanide
*Lead
Nickel

*Si1ver
Zinc

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Si1ver
zinc

poJ-lutant or
pollutant property

Table XII-Z6 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

PSNS
Precious Metals Forming
Alkaline Cleaning Rinse

Po11ut~nt or
pollutant property

PSNS
Precious Metals Forming
Alkaline Cleaning Prebonding Wastewater



mg/off-kg (lb/milli9n off-lbs) of precious metals·
sawed or ground with emulsions

There shall be no discharge of process wastewater
polltltants.

Table XII-26 (Continued)

PRECIOUS METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.014

.017

.093

.011

.019

.119

.016

.057

.182

.218
1.210

.145

.242
1. 540

.206

.738

Maximum for
monthly average

Maximum for
monthly average

.032

.041···

.178

.027

.039

.180

.038

.137

2139

.412

.533
2.300

.351

.508
2.330

.496
1. 770

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Silver
Zinc

mg/off-kg (lb/million off-lbs) of precious metals
tumbled or burnished

PSNS
Precious Metals Forming
Tumbling or Burnishing Wastewater

Pollutant or
pollutant property

Pollutant or
pollutant property

PSNS
Precious Metals Forming
Sawing or Grinding Spent Emulsions

PSNS
Precious Metals Forming
Sawing or Grinding Spent Neat Oils



2140

Table XII-26 (Continued)

.013

.015

.084

.010

.017

.106

.014

.051

Maximum for
monthly average

.028

.037

.159

.024

.035

.161

.034

.122

Maximum for
anyone day

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewa~er

pollutants.

*Cadmium
Chromium

*Copper
*Cyanide
*Lead
Nickel

*Si1ver
Zinc

PRECIOUS METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

mg/off-kg (lbjmillion off-lbs) of precious metals and
base metal pressure bonded

Pollutant or
pollutant property-

PSNS
Precious Metals Forming
Pressure Bonding Contact Cooling Water

PSNS
Precious Metals Forming
Wet Air Pollution Control B10wdown

PSNS
Precious Metals Forming
Degreasing Spent Solvents



Table XII-27

2141

Maximum for
monthly average

Maximum for
anyone day

Chromium .159 .064
*Copper .549 .262

Lead .120 .056
*Nickel .236 .159
Silver .125 .052
Zinc .438 .180
Columbium .052 ---

*Fluoride 25.500 11. 300
*Molybdenum 2.160 .957
Tantalum .193
Vanadium .043
Tungsten L490 .665

There shall be no discharge of procRss wastewater
pollutants.

REFRACTORY METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS .FOR NEW SOURCES

mg/off-kg (lb/mi11ion off-lbs) of refractory metals
rolled with emulsions

PSNS
Refractory Metals Forming
Rolling Spent Neat Oils and Graphite-Based Lubricants

PSNS
Refractory Metals Forming
Rolling Spent Emulsions

Pollutant. or
pollutant property

PSNS
Refractory Met~ls Forming
Drawing Spent Lubricants

There shall be no discharge of" process. wastewater
pollutants.



2142

mgjoff-kg (lb/million off-lbs) of refractory metals
extruded

There shall be no discharge of process wastewater
pollutants.

Max:imum for
monthly average

Maximum-for
anyone day

Table XII-27 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

There shall be no discharge of process wastewater
pollutants.

Chromium .441 • :1;79
*Copper 1. 530 .126

Lead .333 .155
*Nicke1 .655 .441
Silver .345 .143
Zinc 1.220 .500
Columbium .143

*Fluoride 70.800 31 .. 400
*Molybdenum 5.990 2.660
Tantalum .536
Vanadium .119
Tungsten 4.140 1.850

PSNS
Refractory Metals Formih~'

Extrusion Spent Lubricants

Pollutant or
pollutant property

PSNS
Refractory Metals Forming
Extrusion Press Hydraulic Fluid Leakage

PSNS
Refractory Metals Forming
Forging Spent Lubricants



mg/off-kg (lb/million off-lbs) of forged refractory
metals cooled with water

mg/off-kg (lb/million off-lbs) of refractory metals
powder produced

Table XII-27 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.436

.042

.172

.037

.104

.034

.118

7.420
.627

Maximum for
monthly average

Maximum for
monthly average

2143

.104

.360

.079

.155

.082

.287

.034
16.700
1. 420

.127

.028

.978

Maximum for
anyone day

Maximum for
anyone day

Chromium .012 .005
*Copper .041 .020

Lead .009 .004
*Nickel .018 .012
Silver .009 .004
Zinc .033 .014
Columbium .004

*Fluoride 1.920 .853
*Molybdenum .163 .072
Tantalum .015
Vanadium .003
Tungsten .113 .050

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

PSNS
Refractory M~tals Forming
Forging Contact Cooling Water

Pollutant or
pollutant property

Pollutant or
pollutant property

PSNS
Refractory Metals Forming
Metal Powder Production Wastewater



2144

mg/off-kg (lb/million off~lb$) of refractory metals
surface treated

Maximum for
monthly average

Maximum for
anyone day

Chromium .144 .058
*Copper .498 .237

Lead .109 .051
*Nickel .214 .144
Silver .113 .047
Zinc .397 .1'64
Columbium .047

*Fluoride 23.200 10.300
*Molybdenum 1. 960 .868
Tantalum .175
Vanadium .039
Tungsten 1.360 .603

Table XII-27 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

PSNS'
Refractory Metals Forming
Metal Powder Production Floor Wash Water

PSNS
Refractory Metals Forming
Metal Powder Pressing Spent Lubricants

PSNS
Refractory Metals Forming
Surface Treatment Spent Baths

Pollutant or
:ollutant property
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Table XII-27 (Continued)

:1,..820
7.380
1. 580
4.480
1. 450
5.080

18.800

320.000
27.000

Maximum for
monthly average

Maximum for
monthly average

4.480
15.500

3.390
6.660
3.510

12.400
1.450

720.000
60.900

5.450
·1.210
42.100

Maximum for
anyone day

Maximum for
anyone day

Chromium
*Coppe r
Lead

*Nickel
Si'lver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

Chromium .124 .050
*Copper .428 .204

Lead .094 .043
*Nicke1 .184 .124
SLIver .097 .040
Zinc .:341 .140
Columbium .040

*Fluoride 19.900 8.820
*Molybdenum 1.680 .745
Tantalum .151
Vanadium .033
Tungsten 1.160 .518

REFRACTORY METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

mg/off-kg (lb/million off-lbs) of refractory metals
surface treated

Pollutant or
pollutant property

PSNS
Refractory Metals Forming
Surface Treatment Rin~e

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of refractory metals
alkaline cleaned

PSNS
Refractory Metals Forming
Alkaline Cleaning Spent Baths



2146

mg/off-kg (lb/million off~lbs) of refrac~ory metals
alkaline cleaned

Maximum for
monthly average

Maximum for
mo~thly average

Maximum for
anyone day

" Maximum for
,anyone day

Chromium .234 .095
*Copper .810 .386

Lead .177 .082
*Nickel .348 .234
Silver .184 .076
Zinc .646 .266
Columbium .076

*Fluoride 37.700 16.700
*Molybdenum 3.190 1. 410
. Tantalum .285

Vanadium .063
Tungsten 2.200 .981

Table XII-27 (Continued)

REFRACTORY' METALS ,FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

Chromium 3.020 1.230
*Copper 10.500 4.980

Lead 2.290 ,1. 060
*Nickel 4.490 3.020
Silver 2.370 .979
Zinc 8.330 3.430
Columbium .979

*Flu9ride 486.000 216.000
*Molybdenum 41.100 ' i8.200
Tantalum 3.670
Vanadium .816
Tungsten 28.400 12.700

mg!off-kg (lb/millionoff-lbs), of refractory metals
treated with molten salt ~

PSNS
Refractory Metals Forming
Alkaline Cl~aning Rinse

Pollutant or
pollutant property

Pollutant or .
pollutant ~ro~erty

PSNS
Refractory Metals Forming
Molten Salt Rinse



, .',.,0"

2147

'.lB8
.763
.163
•.463
.150
.525

1.940

33.000
2.790

Maximum for""'",,,,
monthly average

". ~- , .",~:.. , ..-.'

.463
1.600

.350

.68~

.363
1. 280

.150
74.400

6.290
.563
.125

4.350

Maximum for
anyone day:

There shall be no discharge of process. wastewater
pollutants. ,,,.... .. .. .

Chromium
*Coppe r
Lead

*Nickel
Silver
zinc
Columbium

*Pluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

Table XII-27 (Continued)

REFRACTORY MET'AI,S FORMING SUBCATEGORY
PRETREATM.ENT STANDARDS FOR.NEW SOURCES

" .. ,,',.. ,

. :.'

mg/off-kg (lb/million off-lbs) of refractory metals
tumbled or burnished ..'. , ,'"

PSNS
Refractory Metals Porming
Sawing or Grinding· Spent Neat Oils

PSNS
Refractory Metpl~ Porming
Tumbling or Burnishing Wastewater

Pollutant or.
pollutant·, property



Table XII-27 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

3.770

.365
1. 480

.316

.899

.292
1. 020

64.200
5.420

Maximum for
monthly average

Maximum for
monthly average

2148

.899
3.110

.681
1.340

.705
2.480

.292
145.000

12.200
1.100

.243
8.460

Maximum for
anyone day

Maximum for
anyone day

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

Chromium .110 .045
*Copper .380 .181

Lead .083 .039
*Nickel .164 .110
Silver .086 • :)36
Zinc .303 .125
Columbium .036

*Fluoride 17.700 7.840
*Molybdenum 1.500 .663
Tantalum .134
Vanadium .030
Tungsten 1. 040 .461

Pollutant or
pollutant property

mgjoff-kg (lbjmillion off-lbs) of refractory metals
sawed or ground with contact cooling water

PSNS
Refractory Metals Forming
Sawing or Grinding Spent Emulsions

mg/off-kg (lbjmillion off-lbs) of refractory metals
sawed or ground with emulsions

Pollutant or
pollutant property

PSNS
Refractory Metals Forming
Sawing or Grinding Contact Cooling Water



Table XII-27 (Continued)

REFRACTORY METALS FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.120

.012

.047
·.010
.029
.009
.033

2.050
.173

Maximum for
monthly average

Maximum for
,mon.thly average

2149

.029

.099

.022

.043

.023

.079

.009
4.620

.391

.035

.008

.270

Maximum for
anyone day

Maximum for
anyone· day

Chromium .005 .002
*Copper .017 .008

Lead .004 .002
*Nickel .007 .005
Silver .004 .002
Zinc .014 .006
Columbium .002

*Fluoride .803 .357
*Molybdenum .068 .030
Tantalum .006
Vanadium .001
Tungsten 0047 .021

PSNS
Refractory Metals Forming
Sawing or Grinding Rinse

Pollutant or
pollutant property

Pollutant or
pollutant property

PSNS
Refractory Metals Forming
Dye Penetrant Testing Wastewater

mg/off-kg (lb/million off-lbs) of refractory metals
tested with dye penetrant'methods

mg/off-kg (lb/million off-lbs) of sawed or ground
refractory metals rinsed

Chromium
*Copper

Lead
,*Nickel

Silver
Zinc
Columbium

*Fluoride
*Molybdenurn
Tantalum
Vanadium
Tungsten



2150

mg/off-kg (lb/million off-lbs) of refractory metals
formed

.020
,:.·083,

.018
".050

.016

.057

3.590
.303

", .211

.....

Maximum for
monthly average

Maximum for
,monthly average

.050
',:,;. "; 174

.038

.075

.040
'~ 139
.016

8.090
.684
.061
'.014
.473

Maximum for
any,one.day

Maximum for
anyone day

Chromium .128 .052
*Copper .442 .211.

Lead .097 .045
*Nickel .190 .128
Silver .100 :041
Zinc .352 .145
Columbium .041

*Fluoride 20.500 9.110
*Molybdenum 1. 740 .770
Tantalum .155
Vanadium .035
Tungsten 1. 200 .535

, .. ''''

Chromium
*Copper

Lead
*Nickel
Silver
Zinc
Columbium

*Fluoride
*Molybdenum
Tantalum
Vanadium
Tungsten

Table XII-27 (Continued)

REFRACTORY-METALS FORMING SUBCATEGORY
PRETREATMENT', STANDARDS ,FOR NEW SOURCES

mg/off-kg (lb/million 0ff-lbs) of refractory metals., ,
formed

Pollutant or
pollutant property

Pollutant or
pollutant property

PSNS
Refractory Metals Forming
Equipment Cleaning Wastewater

PSNS
Refractory Metals Forming
Miscellaneous Wastewater, Sources



Table XII-27 (Continued)

mg/off-kg (lb/million off-lbs) of refractory metals
formed

Maximum for
monthly av~rage

Maximum for
anyone day

Chromium .291 .118
*Copper 1.010 .480

Lead .221 .103
*Nic1<el .433 .291
Silver .228 .095
Zinc .803 .331
Columbium .095

*Fluoride 46.800 20.800
*Mo1ybdenum 3.960 1.760
Tantalum .354
Vanadium .079
Tungsten 2.740 1. 220

REFRACTORY METALS FORMING SUBCATEGORY
fRETREATMENT STANDARDS FOR NEW SOURCES

There shall be no discharge of process wastewater
pollutants.

2151

PSNS
Refractory Me~als Forming
Degreasing Spent Solvents

PSNS
Refractory Metals Forming
Wet Air Pollution Control Blowdown

Pollutant or
pollutant property



2152

Table XII-28

.088

.488

.059

.098

.620

.298
28.600
12.900

.200

Maximum for
monthly average

.215

.927

.142

.205

.937

.713
65.100
29.100

.459

Maximum for
anyone day

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

TITANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

There shall be no discharge of process wastewater.
pollutants.

mg/off-kg (lb/mi11ion off lbs) of titanium
rolled with contact cooling water

PSNS
Titanium Forming
Rolling Spent Neat Oils

PSNS
Titanium Forming
Extrusion .Spent Neat Oils

PSNS
Titanium Forming
Drawing Spent Neat Oils

PSNS
Titanium Forming
Rolling Contact Cooling Water

Pollutant or'
pollutant property

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Arnmonia
*Fluoride
Titanium



Table XII-28 (Continued)

TITANIUM FORMING,SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.013

.072

.009

.014

.091

.044
4.220
1.900

.030

.032

.178

.021

.036
'.226
.109

10.500
4.700

.073

Maximum for
monthly average

Maximum for
monthly average

.032

.137

.021

.030

.138

.105
9.590
4.280

.068

2153

.078

.338

.052

.075

.342

.260
23.700
10.600

.168

Maximum for
any one'day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

mg/off-kg (lb/million off-lbs) of titanium
extruded with emulsions

mg/off-kg (lb/mi1lion 'off-lbs) of titanium
extruded

PSNS
Titanium Forming
Extrusion Spent Emulsions

Pollutant or
pollutant property

Pollutant or
pollutant property

PSNS
Titanium Forming
Extrusion Press Hydraulic Fluid Leakage



· Table XII-28 (Continued)

mg!off-kg (lb/million off~lbs) of forged titanium
cooled with water

TITANIU~ FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURC~S

.018

.100

.012

.020

.127

.061
5.860
2.640

.041

.007

.040

.005

.008

.051

.024
2.350
1.060

.016

Maximum for
monthly average,

Maximum for
monthly average

2154

.018

.076

.012

.017

.077

.058
5.330
2.380

.038

.044

.190

.029

.042

.192

.146
13.300

5.950
.094

Maximum for
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

There shall <be no discharge of process wastewater
pollutants-.

mg/off-kg (lb/million off-lbs) of titanium
forged

PSNS
Titanium Forming
Forging Spent Lubricants

Pollutant or
pollutant property

PSNS
Titanium Forming
Forging Equipment Cleaning Wastewater

PSNS
Titanium Forming
Forging Contact Cooiing Water

Pollutant or
pollutant property



2155

Table XII-28 (Continued)

.182
1.010

.121

.202
1.280

.616
59.200
26.700

.414

Maximum for
monthly average

.445
1. 920

.293

.424
1. 940
1.480

135.000
60.100

.950

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*zinc
*Ammonia
*Fluoride
Titanium

There shall be no discharge of process wastewater
pollutants.

There shall be no allowance for the discharge ,of·
process wastewater pollutants.

TITANIUM FORMING SUBCATEGORY
PRETRBATMENT STANDARDS FOR NEW SOURCES

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of titanium
forged

PSNS
Titanium Forming
Forging Press Hydraulic Fluid Leakage

PSNS
Titanium Forming
Heat Treatment Contact Cooling Water

PSNS
Titanium Forming
Tube Reducing Spent Lubricants



Table XII-28 (Continued)

TITANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

mg/off-kg (lb/million off-lbs) of titanium
surface treated

.038

.208

.025

.042

.264

.127
12.200

5.490
.085

.526
2.920

.351

.584
3.710
1. 780

171. 000
77.100

1. 200

Maximum for
monthly average

Maximum for
monthly average

.092

.395

.060

.087

.400

.304
27.700
12.400

.196

2156

1. 290
5.550

.847
1. 230
5.610
4.270

389.000
174.000

2.750

Maximum for
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

Chromium
Copper

*Cyanide
*Lead

Nic::kel
*Zinc
*Arnmonia
*Fluoride
Titanium

PSNS
Titanium Forming
Surface Treatment Spent Baths

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of titanium
surface treated

Pollutant or
pollutant property

PSNS
Titanium Forming
Surface Treatment Rinse



T~bleXII-2B (Continued)

TITANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

mg/off-kg (lb/million off-lbs) of titanium
alkaline cleaned

.050

.276

.033

.055

.351

.169
16.200

7.290
.113

.043

.240

.029

.048

.305

.147
·14.100

6.340
.098

Maximum for
monthly average

Maximum for
monthly average

2157

.106

.456

.070

.101

.461

.351
32.000
14.300

.226

.122

.525
~080
.116
.530
.403

36.800
16.400

.260

Maximum for
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*zinc
*Ammonia
*Fluoride
Titanium

mg/off-kg (lb/million off-lbs) of titanium
alkaline cleaned

PSNS
Titanium Forming
Alkaline Cleaning Spent Baths

Pollutant or
pollutant property

. Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

Pollutant or
pollutant property

PSNS
Titanium Forming
.Alkaline Cleaning Rinse



Table XII-28 (Continued)

TITANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.014

.079

.009

.016

.101

.048
4.630
2.090

.032

.172

.955

.115

.191 '
1. 210

.583
56.000
25.200

.392

Maximum for '
monthly average

Maximum fot
monthly average

2158

.035

.150

.023

.033

.152

.116
10.600

4.700
.074

.420
1. 820

.277

.401
1. 840
1.400

128.000
56.800

.898

Maximum for
anyone day

·Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Arnmonia
*Fluoride
Titanium

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
TItanium

mg/off-kg (lb/million off-lbs) of titanium
treated with molten salt

mg/off-kg (lb/million off-lbs) of titanium
tumbled

Pollutant or
pollutant property

PSNS
Titanium Forming
Molten Salt Rinse

PSNS
Titanium Forming
Tumbling Wastewater

Pollutant or
pollutant. property



Table XII-28 (Continued)

TITANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.086

.476

.057

.095

.605

.291
27.900
12.600

.195

.033

.183

.022

.037

.233

.112
10.700

4.830
.075

Maximum for
monthly average

Maximum for
monthly average

2159

.210

.905

..138

.200

.914

.695
63.500
28.300

.448

_.081
.348
.053
.077
.352
.267

24.400­
10.900

.1.72

Maximum for
anyone day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
'1'itanium

mg/off-kg (lb/million off-lbs) of titanium
sawed or ground with contact cooling water

Pollutant or
pollutant property

Pollutan·t or
pollutant property

PSNS
Titanium Forming
Sawing. or Grinding Spent Emulsions

mg/off-kg (lb/million off-lbs) of titanium
sawed or ground with emulsions

PSNS
Titanium Forming
Sawing or Grinding Contact Cooling Water

PSNS
Titanium Forming
Sawing or Grinding Spent Neat Oils

There shall be no discharge of process wastewater
pollutants.



Table XII-28 (Continued)

TITANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.006

.032

.004

.006

.041

.020
1. 900

.856

.013

.202
1.120

.135

.224
1. 420

.683
65.700
29.600

.459

Maximum for
monthly average

Maximum for
monthly average

2160

.014

.062

.009

.014

.062

.047
4.320
1. 930

.031

.493
2.130

.325

.471
2.150
1.640

149.000
66.700
1. 050

Maximum for
any orie day

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead '
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Titanium

mg/off-kg (lb/million off-lbs) of titanium
tested with dye penetrant methods

Pollutant or
pollutant property

PSNS
Titanium Forming
Dye Penetrant Testing Wastewater

mg/off-kg (lb/million off-lbs) of titanium
formed

Pollutant or
pollutant property

PSNS
Titanium Forming
Miscellaneous Wastewater Sources



.: -.--:-~-":'':'

Table XII-28 (Continued)

.039

.214

.026

.043

.272

.131
12.600

5.650
.088

Maximum for
monthly average

2161

.094

.407

.062

.090

.411

.313
28.500
12.800

.201

Maximum for
anyone day

Chromium
Copper

*Cyanide
*Lead
Nickel

*Zinc
*Ammonia
*Fluoride
Ti~anium

TITANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

PSNS
Titanium Forming
Degreasing Spent Solvents

There shall be no discharge of process wastewater
pollutants.

mgjoff-kg (lbjmillion off-lbs) of titanium
formed

Pollutant or
pollutant property

PSNS
Titanium Forming
Wet Air Pollution Control Blowdown



Table XII-29

2162

.003

.005

.021

.004

.013

.015

.908

.077

.108

Maximum for
monthly average

.,

.007

.013

.044

.010

.019

.035
2.050

.173

.148

Maximum fo,r
anyone day

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*F1uoride
*Molybdenum
uranium

URANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

PSNS
Uranium
Extrusion Spent Lubricants

There shall be no discharge of process wastewater
pollutants.

mg!off-kg (lb!mil1ion off-1bs) of uranium
extruded

Pollutant or
pollutant property

PSNS
Uranium
Extrusion Tool Contact Cooling Water

PSNS
Uranium
Forging Spent Lubricants

There shall be no discharge of process wastewater
pollutants.



Table XII-29 (Continued)

URANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.002

.004

.017

.004

.010

.011

.718

.061

.085

.003

.005

.019

.004

.012

.013

.827

.07'0

.098

Maximum for
monthly average

Maximum for
monthly average

2163

.005

.010

.035

.008

.015

.028
1.620

.137

.117

.006

.012

.040

.009

.0.17

.032
1.860

.158

.134

Maximum for
anyone ""day

Maximum for
anyone day

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium

mg/off-kg <ib!million off-lbs) of extruded or forged
uranium heat treated

Pollutant or
pollutant property

mg!off-kg (lb!million off-lbs) of uranium
surface treated

Pollutant, or:'
pollutant property

PSNS
Uranium
Surface Treatment Spent Baths

PSNS
Uranium
Heat Treatment Contact Cooling Water



Table XII-29 (Continued)

URANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCeS

mg/off-kg (lb/million off-lbs) of uranium
surface treated

.027

.051

.206

.044

.125

.142
8.900

.752
1.050

.0005

.0009

.0035

.0007

.0021

.0024

.1500

.0127

.0178

Maximum for
monthly average

. Maximum for
monthly average

2164

.0011

.0021

.0073

.0016

.0031

.0058

.3380

.0286

.0244

.067

.125

.432

.094

.186

.344
20.100
1.700
1.450

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum
Uranium

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum.

uranium

PSNS
Uranium
Surface Treatment Rinse

Pollutant or,
pollutant property

mg/off-kg (lb/million off-lbs) of uranium
sawed or ground with emulsions

Pollutant or
pollutant property

PSNS
Uranium
Sawing or Grinding Spent Emulsions



PSNS
Uranium
Sawing or Grinding Contact Cooling Water

Table XII-29 (Continued)

URANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.013

.025

.101

.022

.061

.069
4.360

.368

.515

.0004

.0007

.0028

.0006

.0017

.0020

.1230

.0104

.0145

Maximum for
monthly average

Maximum for
monthly average

2165

.033

.061

.211

.046

.091

.169
9.820

.830 ,

.703

'.0009
.0017
.0060
.0013
.0026
.0048
.2770
.0234
.0200

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
*Chromium
*Copper
*Lead
*Nickel
zinc

*Fluoride
*Molybdenum
Uranium

*Cadmium
*Chromium
*Copper
*Lead
*Nickel
zinc

*Fluoride
*Molybdenum
Uranium

Pollutant or
pollutant property

mg!off-kg (lb!milliop off-lbs) of uranium
sawed or ground with contact cooling water

mg!off-kg (lb/million off-lbs) of sawed or ground
uranium rinsed

Pollutant or
pollutant property

PSNS
Uranium
Sawing or Grinding Rinse



Table XII-29 (Continued)

URANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.0003

.0005

.0021

.0005

.0013

.0015

.0922

.0078

.0109

.003

.006

.026

.006

.016

.Ol8
1.130

.096

.134

Maximum for
monthly average

Maximum for
monthly average

2166

.009

.016

.055

.012

.024

.044
2.550

.216

.184

.0007

.0013

.0045

.0010

.0019

.0036

.2080

.0176

.0150

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum

Uranium

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum
Uranium

mg/off-kg (lblmi11ion off-1bs) of uranium
surface treated

Pollutant or
pollutant property

Pollutant or
pollutant property

mg/off-kg (lb/million off-lbs) of uranium
formed

PSNS
Uranium
Wet Air Pollution Control Blowdown

PSNS
Uranium
Degreasing Spent Solvents

There shall be no discharge of process wastewater
pollutants.

PSNS
Uranium
Area Cleaning Washwater



Table XII~29 (Continued)

URANIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

mg/off-kg (lb/million off-lbs) of uranium
formed

.004

.007

.027

.006

.016

.019
'i.170

.099
0138

2.100 .
3.930

16.000
3.410
9.700

11.000
692.000
58.400
81. 800

Maximum for
monthly average

Maximum for
monthly average

.009

.016

.057

.012

.024

.045
2.640

.223

.190

2167

5.240
9.700

33.600
7.340

14.400
26.700

1,560.000
132.000
113.000

Maximum for
anyone day

Maximum for
anyone day

*Cadmium
*Chromium
*Copper
*Lead
*Nickel

Zinc
*Fluoride
*Molybdenum
Uranium

Pollutant or
pollutant property

PSNS
Uranium
Drum Washwater

mg/employee-day uranium formed

Pollutant or
pollutant property

PSNS
Uranium
Laundry Washwater

Cadmium
Chromium
Copper
Lead
Nickel
Zinc
Fluoride
Molybdenum
Uranium



Table XII-3D

ZINC FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.008

.033

.004

.020

.023

.0002

.0009

.0001

.0005

.0006

Maximum for
monthly average

1-1aximum for
monthly average

2168

.020

.069

.011

.030

.055

.0005

.0018

.0003

.0008

.0014

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

*Chromium
*Copper
*Cyanide
Nickel

*Zinc .

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of zinc
rolled with emulsions

mg/off-kg (lb/million off-lbs) of zinc
rolled with contact cooling water

PSNS
Zinc Forming
Rolling Spent Neat Oils

PSNS
Zinc Forming
Rolling Spent Emulsions

PSNS
Zinc Forming
Rolling Contact Coolirig Water

Pollutant or
pollutant property

Pollutant or
pollutant property



2169

Table XII-30 (Continued)

.008

.031

.004

.019

.021

.0009

.0035

.0005

.0022

."0024

Maximum for
monthly average

Maximum for
monthly average

.019

.065

.010

.028

.052

.0022

.0074

.0012

.0032

.0059

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*zinc

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

ZINC FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

mg!off-kg (lb/million off-lbs) of zinc cast
by the direct chill method

mg/off-kg (lb/million off-lbs) of zinc
drawn with emulsions

PSNS
zinc Forming
Stationary Casting Contact Cooling Water

There shall be no discharge of process wastewater
pollutants.

Pollutant or
pollutant property

Pollutant or
pollutant property

PSNS
Zinc Forming
Drawing Spent Emulsions

PSNS
Zinc Forming
Direct Chill Casting Contact Cooling Water



Table XII-30 (Continued)

ZINC FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.012

.047

.006

.028

.032

.013

.054

.007

.033

.037

Maximum for
monthly average

Maximum for
monthly average

.028

.098

.015

.042

.078

.033

.114

.018

.049

.091

2170

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

mg/off-kg (lb/million off-lbs) of zinc
heat treated

mg/off-kg (lb/million off-lbs) of zinc
surface treated

PSNS
Zinc Forming
Heat Treatm~nt Contact Cooling Water

Pollutant or
pollutant property

PSNS
Zinc Forming
Surface Treatement Spent Baths

Po11utant,or
pollutant property



Table XII-3D (Continued)

ZINC FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.054

.219

.029

.133

.151

.0005

.0022

.0003

.0013

.0015

Maximum for
monthly average

Maximum for
montl)ly average

.133

.458

.072

.197

.365

2171

.0013

.0046

.0007

.0020

.0036

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

mg/off-kg (lb/million off-lbs) of zinc
surface treated

mg/off-kg (lb/million off-lbs) of zinc
alkaline cleaned

PSNS
Zinc Forming
Surface Treatment Rinse

Pollutant or
pollutant property

PSNS
Zinc Forming
Alkaline Cleaning Spent Baths

Pollutant or
pollutant property



2172

There shall be no discharge of process wastewater
pollutants.

.004

.015

.002

.009

.010

.254
1. 030

.135

.626

.710

Maximum for
monthly average

Maximum for
monthly average

.009

.031

.005

.013

.024

.626
2.170

.338

.930
1. 730

Maximum for
anyone day

Maximum for
anyone day

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

*Chromium
*Copper.
*Cyanide
Nickel

*Zinc

Table XII-3D (Continued)

ZINC FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

mg/off-kg (lb/million off-lbs) of zinc
sawed or ground with emulsions

Pollutant or
pollutant property

PSNS
Zinc Forming
Sawing or Grinding Spent Emulsions

mg/off-kg (lb/million off-lbs) of zinc
alkaline cleaned

Pollutant or
pollutant property

PSNS
Zinc Forming
Degreasing Spent Solvents

PSNS
Zinc Forming
Alkaline Cleaning Rinse



Table XII-3D (Continued)

ZINC FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.034

.140

.018

.085

.096

Maximum for
monthly average

.085

.293

.,046

.126

.234

2173

Maximum for
anyone day

PSNS
Zinc Forming
Electrocoatirig Rinse

Pollutant or
pollutant property

*Chromium
*Copper
*Cyanide
Nickel

*Zinc

mg/off-kg (lb/million off-lbs) of zinc
electrocoated "



Table XII-31

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.043

.237

.029

.047

.301

.145
13.900

6.260
3.300

Maximum for
monthly average

2174

.104

.451

.069

.100

.455

.346
31. 600
14.100

6.830

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nicke1
Zinc

*Anunonia
*F1uoride

Zirconium

There shall be no discharge of proce2s wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
extruded

PSNS
Zirconium-Hafnium Forming
Drawing Spent Lubricants

PSNS
Zirconium-Hafnium Forming
Rolling Spent Neat Oils ~

Pollutant or
pollutant property

PSNS
Zirconium-Hafnium Forming
Extrusion Spent Lubricants

There shall be no discharge of process wastewater
pollutants.

PSNS
Zirconium-Hafnium Forming
Extrusion Press Hydraulic Fluid Leakage



Table XII-31 (Continued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.006

.034

.004

.007

.,044

.021
2.010

.906

.477

Maximum for
mont:-tly average

2175

.015

.065

.010

.014

.066

.050
4.570
2.040

.988

Maximum for
any one ~ay

There shall be no discharge of process wastewater
pollutants.

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Amrnonia
*Fluoride

Zirconium

PSNS
Zirconium-Hafnium Forming
Swaging Spent Neat Oils

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
heat treated

PSNS
Zirconium-Hafnium Forming
Tube Reducing Spent Lubricants

There shall be no discharge of process wastewater
pollutants.

Pollutant or
pollutant property

PSNS
Zirconium-Hafnium Forming
Heat Treatment Contact Cooling Water



Table XII-31 (Continued)"

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
surface treated

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
PRETREATMENT S.TANDARDS FOR NEW SOURCES

.061

.340

.041

.068

.432

.208
19.900
8.980
4.730

.160

.888

.107

.178
1.130

.542.
52.100
23.500
12.400

Maximum for
monthly average

Maximum tor
monthly average

.150

.646

.099

.143

.653

.497
45.300
20.300
9.790

?1'76.

.391
1.690

.258

.373
1. 710
1. 300

119.000
52.900
25.600

Maximum for
anyone day

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium

PSNS
Zirconium-Hafnium Forming
Surface Treatment Rinse

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
surface treated

Pollutant or
pollutant property

Pollutant or
pollutant property

PSNS
Zirconium-Hafnium Forming
Surface Treatment Spent Baths



Table XII-31 (Continued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.288
1. 600

.192

.320
2.030

.976
93.800
42.300
22.300

.565
.3.140

.377

.628
3.990
1. 920

184.000
82.900
43.700

Maximum for
monthly average

Maximum for
monthly average

2177

.704
3.040

.464

.672
3.070
2.340

213.000
95.200
.46.100

1. 380
5.970

.911
1. 320
6.030
4.590

419.000
187.000

90.500

Maximum for
anyone day

Maximum' for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium

Pollutant or
pollutant property

PSNS
Zirconium-Hafnium Forming
Alkaline Cleaning Spent Baths

mg/off-kg (lb/mil1ion off-lbs) of zirconium-hafnium
alkaline cleaned

PSNS
Zirconium-Hafnium Forming
Alkalin~ Cleaning Rinse

Pollutant or
pollutant property

• mg/off-kg (lb/milliQn off-lbs) of zirconium-hafnium
alkaline cleaned
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Table XII-31 (Continued)

.136

.756

.091

.151

.960

.461
44.300
20.000
10.500

Maximum for
monthly average

.333
1.440

.219

.318
1. 450
1.110

101.000
45.000
21.800

Ma~imum for
anyone day

There shall be no discharge of process wastewater
p~llutants.

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

*Chromium
Copper

*cyanide
Lead

*Nickel
Zinc

*Arnrnonia
*Fluoride

Zirconium

PSNS
Zirconium-Hafnium Forming
Molten Salt Rinse

Pollutant or
pollutant property

PSNS
Zirconium-Hafnium Forming
Sawing or Grinding Spent Neat Oils

rng/off-kg (lb/rnillion off-lbs) of zirconium-hafnium
treated with molten salt



Table XII-31 (Continued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.051

.281
·.034
.056
.357
.172

16.500
7.420
3.910

.058

.321

.039

.064

.408

.196
18.800

8.480
4.460

Maximum for
monthly average

Maximum for
monthly average

2179

.124

.534

.082

.118

.540

.410
37.500
16.700

8.090

.141

.610

.093

.135

.617

.469
42.800
19.100

9.250

Maximum for
anyone day

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Amrnonia
*Fluoride

Zirconium

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Amrnonfa
*Fluoride

Zirconium

PSNS
Zirconium-Hafnium Forming
Sawing or Grinding Spent Emulsions

mg/off-kg (lb/million off-lbs) of zirconium-hafnium
sawed or ground with emulsions

Pollutant or
pollutant property

mg/off-kg (lb/mi11ion off-1bs) of zirconium-hafnium
sawed or ground with contact cooling water

PSNS .
Zirconium-Hafnium Forming
Sawing or Grinding Contact Cooling Water

Pollutant or
pollutant property



Table XII-31 (Continued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS "FOR NEW SOURCES

.003

.015

.002

.003

.020

.009

.903

.407

.214

.032

.180

.022

.036

.229

.110
10.600

4.750
2.500

Maximum for
monthly average

Maximum tor
monthly average

2180

.007

.029

.004

.006

.030

.023
2.050

.917

.444

.079

.342

.052

.076

.346

.263
24.000
10.700

5.190

Maximum for
anyone day

Maximum for
anyone day

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc·

*Ammonia
*Fluoride

Zirconium

*Chromium
Copper

*Cyanide
Lead

*Nickel
Zinc

*Ammonia
*Fluoride

Zirconium

mg!off-kg (lb/million off-lbs) of zirconium-hafnium
tested

mg!off-kg (lb/million off-lbs) of sawed or ground
zirconium-hafnium rinsed

PSNS
Zirconium-Hafnium Forming
Sawing or Grinding Rinse

Pollutant or
pollutant property

Pollutant or
pollutant property

PSNS
Zirconium-Hafnium Forming
Inspection and Testing Wastewater



Table XII-31 (Continued)

ZIRCONIUM-HAFNIUM FORMING SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

PSNS
Zirconium-Hafnium Forming
Degreasing Spent Solvents

There shall be no discharge of process wastewater
pollutants.

PSNS
Zirconium-Hafnium Forming
Wet Air Pollution Control Blowdown

There shall be no allowance for the discharge of process
wastewater pollutants.

PSNS
Zirconium-Hafnium Forming
Degreasing Rinse

There shall be no discharge of process wastewater
pollutants.

2181



Table XII-32

METAL POWDERS SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.079

.440

.053

.088

.559

.269
1.410

.269

.907
5.040

.605
1.010
6.400
3.080

16.100
3.080

Maximum for
monthly average

Maximum for
monthly average

2182

.194

.836

.128

.185

.845

.643
2.830

.528

2.220
9.580
1.460
2.120
9.680
7.360

32.400
6.050

Maximum for
anyone day

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

mg/off-kg (lb/million off-lbs) of powder
wet atomized

PSNS
Metal Powders
Metal Powder Production Atomization Wastewater

mg/off-kg (lb/million off-lbs) of powder metallurgy
parts tumbled, burnished, or cleaned

Pollutant or
pollutant property

Pollutant or
pollutant property

PSNS
Metal Powders
Tumbling, Burnishing, or Cleaning Wastewater



Table XII-32 (Continued)

.003

.018

.002

.004

.023

.011

.058

.011

.292
1. 620

.195

.324
2.060

.988
5.~ 190

.988

Maximum for
monthly average.

Maximum for
monthly average

.008

.034

.005

.Q08

.035

.026

.117

.022

2183

.713
3.080

.470

.681
3.110
2.370

10.400
1.950

Maximum for
anyone day

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel·
Zinc
Aluminum
Iron

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

METAL POWDERS SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

There shall be no discharge of process ~astewater

pollutants.

PSNS
Metal Powders
Sawing or Grinding Spent Neat Oils

mg/off-kg (lb/million off-lbs) of powder metallurgy
parts sawed or ground with emulsons

Pollutant or
pollutant property

PSNS
Metal Powders
Sawing or Grinding Spent Emulsions

mg/off-kg (lb/million off-Ibs) of powder metallurgy
parts sawed or ground with contact cooling water

Pollutant or
pollutant property

PSNS
Metal Powders
Sawing or Grinding Contact Cooling Water



Table XII-32 (Continued)

METAL POWDERS SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.014

.079

.010

.016

.101

.048

.254

.048

.003

.015

.002

.003

.019

.009

.047

.009

Maximum for
monthly average

Maximum for
monthly average

2184

.035

.151

.023

.033

.152

.116

.509

.095

.006

.028

.004

.006

.028

.021

.094

.018

Maximum for
anyone day

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc'
Aluminum
Iron

mg/off-kg (lb/million off-lbs) of powder metallurgy
parts steam treated

There shall be no discharge of process wastewater
pollutants.

mg/off-kg (lb/million off-lbs) of powder
sized

Pollutant or
pollutant property

Pollutant or
pollutant property

PSNS
Metal Powders
Steam Treatment Wet Air Pollution Control Blowdown

PSNS
Metal Powders
Sizing Spent Emulsions

PSNS
Metal Powders
Sizing Spent Neat Oils



Table XII-32 (Continued)

METAL POWDERS SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

.159

.880

.106

.176
1.120
.. 537

2.820
.537

Maximum for
monthly average

2185

.387
1.670

.255

.370
1. 690
1. 290
5.660
1.060

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel
Zinc
Aluminum
Iron

There shall be no discharge of process wastewater
pollutants.

There shall be no discharge of process wastewater
pollutants.

PSNS
Metal Powders
Oil-Resin Impregnation Spent Neat Oils

mg/off-kg (lb/million off-lbs) of powder
cooled after pressing

PSNS
Metal Powders
Degreasing Spent Solvents

PSNS
Metal Powders
Hot Pressing Contact Cooling Water

Pollutant or
pollutant property



Table XII-32 (Continued)

METAL POWDERS SUBCATEGORY
PRETREATMENT STANDARDS FOR NEW SOURCES

1. 420
7.900

.948
1.580

10.100
4.820

25.300
4.820

Maximum for
monthly average

2186

3.480
15.000

2.290
3.320

15.200
11.600
50.800

9.480

Maximum for
anyone day

Chromium
*Copper
*Cyanide
*Lead
Nickel
zinc
Aluminum
Iron

mg/off-kg (lb/million off-lbs) of .powder
mixed

PSNS
Metal Powders
Mixing Wet Air Pollution Control Blowdown

Pollutant. or
pollutant property



SECTION XIII

BEST CONVENTIONAL POLLUTANT CONTROL TECHNOLOGY

The 1977 amendments to the Clean Water Act added Section
301(b)(2)(E), establishing "best conventional pollutant control
technology" (BCT) for discharge of conventional pollutants from.
existing industrial point sources. Biological oxygen-demand
(BOD5), total suspended solids (TSS), fecal coliform, oil and
grease (O&G), and pH are considered by EPA to be conventional
pollutants (see 44 FR 50732, August 29, 1979).

BCT is n~t an additional 1im~tation but replaces BAT for the
control of .conventiona1 p~~lutants. In addition to other factors
specified in Section 304(b)(4)(B), the Act requires that BCT
limitations be assessed in light of a two-part "cost­
reasonableness" test (American Paper Institute v. EPA, 660 F.2d
954 (4th Cir. 1981». The first test compares the cost for
private industry to reduce its conventional pollutants with the
costs to publicly owned treatment works for similar levels of
reduction in their discharge of these pollutants. The second
test examines the cost-effectiveness of additional industrial
treatment beyond BPT. EPA must find that limitations are
"ieasonable" under both tests before establishing them as BCT.
In no case may BCT be less stringent than BPT.

EPA published its methodology for carrying out the BeT analysis
on August 29, 1979 (44 FR 50732). In the case mentioned above,.
the Court of Appeals ordered EPA to correct data errors underly­
ing EPA's calculation of the first test, and to apply the second
cost test. (EPA argued that a second cost test was not
required.) On October 29, 1982, the Agency proposed a revised
BCT methodology (47 PR 49176). On September 20, 1984, EPA
published a notice of availability of new data for comment (49 FR
37046). EPA is deferring issuance of BCT limitations for the
nonferrous metals forming category until the revised methodology
can be applied to the technologies available for the control of
conventional pollutants in the nonferrous me~als forming
category.
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SECTION XV

GLOSSARY

This section is an aplhabetical listing of technical terms (with
definitions) used in this document which may not be familiar to
the reader.

4-AAP Colorimetric Method

An analytical method for total aqueous solutions to react with
hydroxyl ions. Measured by titration with a standard solution of
a base to a specified end point. Usually expressed as milligrams
per liter of calcium carbonate.

Acidity

The quantitative capacity of aqueous solutions to. react with
hydroxyl ions. Measured by titration with a standard solution of
a base to a specified end point. Usually expressed as milligrams
per liter of calcium carbonate.

The Act

The Federal Water Pollution Control Act Amendments of 1972 as
amended by the Clean Water Act of 1977 (PL 92-500).

Aging

A change in the properties of certain metals and alloys that
occurs at ambient or heat treatment (quench aging in ferrous
alloys, natural or artifical aging in ferrous and nonferrous
alloys) or after a cold working operation (strain &ging). The
change in properties is often due to a phase change
(precipitation), but never involves a change in chemical
composition of the metal or alloy.

Alkaline Cleaning

A process in which a solution, usually detergent, is used to
remove lard, oil, and other such compounds from a metal surface.

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 phospqates. It is measured
by titration with a standardized acid to a specified end point,
and is usually reported in'milligrams per liter of calcium
carbonate.
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Anvil

of a cost or account according to a specified
on the principal, interest and period of cost

Amortization

The allocation
schedule, based
allocation.

A substance having metallic properties and being composed of two
or more chemical elements of which at least one is an elemental
metal.

Alloy

Annealing

A generic term describing a metal's treatment process that is
used primarily to soften metallic materials, but also to
simultaneously produce desired changes in other properties or in
microstructure. The purpose of such changes may be, but is not
confined to, improvement of machinability, facilitation of cold
work, improvement of mechanical or electrical properties, and
increase in stability of dimensions. Annealing consists of
heating and cooling the metal at varying rates to achieve the
desired properties. .

In drop forging, the base of the hammer into which the sow block
and lower die part are set. Also, a block of steel upon which
metal is forged.

Atomization .

A mill in which materials are finely ground on a rotating
cylinder containing balls (usually steel).

The process in which a stream of water or gas impinges upon a
molten metal stream, breaking it into droplets which solidify as
powder particles.

Backwashing

The operation of cleaning a filter or column by reversing the
flow of liquid through it and washing out matter previously
trapped.

Ball Mill
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Batch Treatment

treatability of a
treatment process

Bench Scale Pilot Studies

Experiments providing data concerning the
wastewater stream or the efficiency of a
conducted using laboratory-size equipment.

A waste treatment method where wastewater is collected over a
period of time and then treated prior to discharge. Treatment is
not continuous, but collection may be continuous.

Best Available Demonstrated Technology (BADT)

Treatment technology upon which new source performance standards
are based as defined by Section 306 of the Act.

A long slender cast product used as raw 'material in subsequent
forming operations.

Biochemical Oxygen Demand (BOD)

Best Available Technology Economically Achievable (BAT)

Level of technology applicable to toxic and nonconventional
pollutants on which effluent limitations are established. These
limitations are to be achieved by July 1, 1984 by indutrial
discharges to surface waters as defined by Section 301(b)(2)(C)
of the Act.

The quantity of oxygen used in the biochemical oxidation of
organic matter under specified conditions for a specified time.

Billet

Best Conventional Pollutant Control Technologx (BCT)

Level of technology applicable to conventional pollutant effluent
limitations . to be achieved by July 1, 1984 for industrial
discharges to surface waters as defined in Section 30l(b)(2)(E)
of the Act •

Best Practicable Control Technologx CurrentlX Available (BPT)

Level of technology applicable to effluent limitations to have
been achieved by July 1, 1977 (originally) for industrial
discharges to surface waters as defined by Section 301(b)(1)(A)
of the Act.

. Best Management Practices (EMP)

Regulations intended to control the release of toxic and
hazardous pollutants from plant runoff, spillage, leaks, solid
waste disposal, and drainage from raw material storage.



Blowdown
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surface

Bright Annealing

Annealing in a protective medium to prevent discoloration of the
bright surface.

Boring

A machining method using single-point tools on internal surfaces
of revolution.

Brittleness

A turned-over edge on a metal piece resulting from cutting,
pressing, or grinding.

The minimum discharge of circulating water for the purpose of
discharging dissolved solids or other contaminants contained in
the water, the further buildup of which would cause concentration
in amounts exceeding limits established by best engineering
practice.

Burr

The quality of a metal that leads to crack propagation without
appreciable ~lastic deformation.

Brazing

A process that bonds two metal pieces by heating them to a
suitable temperature and by using a filler material which melts
above 42SoC (800oF) but below the melting point of the
metal being joined. The filler material is distributed between
the surfaces of the joint by capillary action.

Burnishing

A surface finishing process in which minute
irregularities are displaced rather than removed.

Catalyst

An agent that (1) reduces the energy required for activating a
chemical reaction and (2) is not consumed by that reaction.

Chelation

The formation of coordinate covalent bonds between a central
metal ion and a liquid that contains two or more sites for
combination with the metal ion.
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Clad Metal

the
room

than
at

plastically at a temperature lower
temperature of the metal, generally

A closed-die squeezing operation, usually performed cold, in
which all surfaces of the work are confined or restrained,
resulting in a well-defined imprint of the die upon the work.

Cold Working

Treating a metal in a solution of hexavalent chromium. compound to
produce a conversion coating consisting of trivalent and
hexavalent chromium compound.

Chromating

Chemical Finishing

Producing a desired finish on the surface of a metallic product
by immersing the workpiece in a chemical bath.

A measure of the oxygen-consuming capacity of the organic and
inorganic matter present in the water or wastewater.

A composite metal containing two or more layers that have been
metallurgically bonded together by roll bonding (co-rolling),
solder application (or brazing) and explosion bonding.

Chemical~ Demand (COD)

Coining

Suspended solids whose diameter may vary between less than one
micron and 15 mictons.

Colloid

Compact (Briquet)

An object produced by the compression of metal powdwer.

Deforming metal
recrystallizat~on

temperature.

Composite Samples

A series of samples colledted over a period of time but combined
into a single sample for analysis. The individual samples can be
taken after a specified. amount of time has passed (time
composited), or after a specified volume of water has passed the
sampling point (flow composited). The sample can be.
automatically collected and'composited by a sampler or can be
manually collected and combined.



Consent Decree (Settlement Agreement)

Agreement between EPA and various environmental groups, as
instituted by the united States District Court for the district
of Columbia, directing EPA to study and promulgate regulations
for the toxic pollutants {NRDC, Inc. v. Train, 8 ERC 2120 (D. D.C.
1976), modified March 9, 1979, 12 ERC 1833, 1841).

Contact Water

Any water or oil that comes into direct contact with nonferrous
metal during forming operations, whether the metal is raw
material, intermediate product, waste product, or finished
product.

Continuous Casting

A casting process that produces sheet, rod, or other long shapes
by solidifying the metal while it is being poured through an
open-ended mold using little or no contact cooling water. Thus,
no restrictions are placed on the length of the product and it is
not necessary to stop the 'process to remove the cast product.

Continuous Treatment

Treatment of waste streams operating without interruption as
opposed to batch treatment. Sometimes referred to as flow
through treatment.

Contractor Removal (Contract Hauling)

Disposal of oils, spent solutions, or sludge by a commercial
firm.

Conventional Pollutants

Constituents of wastewater as determined by Section 304(a)(4) of
the Act, including but not limited to pollutants classified as
biological-oxygen-demanding, oil and grease, suspended solids,
fecal coliforms, and pH.

Conversion Coating

A coating consisting o~ a compound of the surface metal, produced
by chemical or electrochemical treatments of the metal. Examples
are chromate coatings on zinc and magnesium, oxides or phosphate
coatings on steel. Also, the process of producing such a
coating.

Cooling Tower

A hollow, vertical structure with internal baffles designed to
break up falling water so that it is cooled by upward-flowing air
and the evaporation of water.
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Die

nonferrous metalsused in the survey of the

Various tools used to impart shape to metal primarily because of
the shape of the die itself. Examples are forging dies, drawing
dies, and extrusion dies.

Direct Chill Casting

A method of casting where the molten metal is poured into a
water-cooled mold. ·The base of this mola is the top of a
hydraulic cylinder that lowers the metal first through the mold
and then through a water spray and bath to cause solidification.
The vertical distance of the drop limits the length of the ingot.
This process is also known as semi-continuous casting.

Direct Discharger

Any point source that discharges to a surface water.

Desmutting

A process that removes smut by imm~rsing the product in an acid
solution, usually nitric acid.

Deoxidizing

The removal of any oxide film from a metal.

A staged process that employs recycled, often untreated water as
a rinsing medium to clean metal products. Water flow is opposite
to product flow such that the most contaminated water encounters
incoming product first.

Crucible

Data Collection~ortfolio (dcp)

The questionnaire
forming industry.

Countercurrent Cascad~Binsing

Corrosion

The deterioration ofa metal by chemical or electrochemical
reaction with its environment.

A vessel or pot made of·a material with a high melting point used
.,:-:- for melting metals.



Drag-out

The solution that adheres to the objects removed from a bath or
rinse, more precisely defined as that solution which is carried
past the edge of the tank.

Drawing

Pulling the metal through a die or succession of dies to reduce
the metal's diameter or after its shape.

Drying Beds

Areas for dewatering of sludge by evaporation and seepage.

Ductility

The ability of a metal to deform plastically without fracturing.

Dummy Block

In extrusion, a thick unattached disk placed between the ram and
billet to prevent overheating of the ram.

Effluent

Discharge from a point source.

Effluent Limitation

Any standard (including schedules of compliance) established by a
state or EPA on quantities, rates, and concentrations of
chemical, physical, biological, and other constituents that are
discharged from point sources into navigable waters, the waters
of the contiguous zone, or the ocean.

Electrochemical Finishing

Producing a desired finish on the surface of a metallic product
by immersing the workpiece in an electrolyte bath through which
direct current is passed.

Electroplating

The production of a thin coating of one metal on another by
electrodeposition.

Electrostatic precipitato~ (ESP)

A gas cleaning device that induces an electrical charge on a
solid particle which is then a attracted to an oppositely charged
collector plate. The collector plates are intermittently
vibrated to discharge the collector dust to a hopper.
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Emulsifying Agency

A mat~rial that increase the stability of a dispersion of one
liquid" in another.

Emulsions

stable dispersions of two immiscible liquids. In the nonferrous
metals forming category this is usually an oil and water mixture.

End-of-Pipe Treatment

The reduction of pollutants by wastewater treatm~nt prior to
discharge or reuse.

Etching

The removal of surface imperfections, oxides,' and scratches by
chemical action. Etching can also provide surface roughness.

Eutectic Temperature

The lowest temperature at which a solution (in this case, the
solution is molten metal and various alloying materials). remains
completely liquid.

Extrusion

A process in which high pressures are applied to a metal billet,
forcing the metal to flow through a die orifice.

Finishing

The coating or polishing of a metal surface.

Fluxes

Substances added to molten metal to help remove impurities and
prevent excessive oxidation, or promote the fusing of the metals.

Chemical analytical instrumentation used for quantitative organic
analysis.

Grab Sample

A single sample of wastewater taken without regard to time or"
flow.
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Grain

An individual crystal in a polycrystalline metal or alloy.

Green Compact

An unsintered compact.

Grinding

The process of removing stock from a workpiece by the use of a
tool consisting of abrasive grains held by a rigid or semi-rigid
binder. Grinding includes surface finishing, sanding, and
slicing.

Hammer Forging

Forging in which the workpiece is deformed by repeated blows.

Hardness

Resistance of metal to plastic deformation by indentation,
scratching, abrasion or cutting.

Heat Treatment

A process that changes the physical properties of the metal, such
as strength, ductility, and malleability by controlling the rate
of cooling.

Homogenizing

Holding solidified metal at high temperature to eliminate of
decrease chemical segregation by diffusion.

Hot Working

Deforming metal plastically at such a temperature and rate that
strain hardening does not occur. The low limit of temperature is
the recrystallization temperature of the metal.

Hydraulic Press

A press in which fluid pressure is used to actuate and control
the ram.

Impacting

Forming, usually cold, a part from .a metal slug confined in a
die, by rapid single-stroke application of force through a punch,
causing the metal to flow around the punch.
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Nonconventional Pollutant

Parameters selected for use in performance standards that
not been previously designated as either conventional or
pollutants.

A pure oil with no or few impurities added. In nonferrous metals
forming its use is ~ostly as a lubricant.

New Source Performance Standards (NSPS)

Effluent limitations for new industrial point sources as defined
by Section 306 of the Act.

Any process operations which convert metal to a finely divided
form without an increase in metal purity.

Metal Powder Production

A rod used to retain the cavity in hollow metal products during
working.

Ingot

In-Process Control Technology

Neat Oil

A stream of" fluid (gas or liquid) discharged from a narrow
opening or nozzle.

Inductively-Coupled Argon Plasma Spectrophotometer (ICAP)

A laborator~deyice used for the analysis of metals.

Indirect Discharger

Any point source that discharges to a publicly owned treatment
works.

":'·''';1''''' ,;.--~<,:~, ;,,'" '" . , ,~.",.

A large, block-shaped casting produced by var~ous methods.
Ingots are intermediate products from which other products are
made.

Any procedure or equipment used to conserve chemicals and water
throughout the production operations, resulting in a reduction of

"the wastewater volume.



Nonferrous Metal

Any pure metal other than iron, copper or aluminum; or metal
alloy for which a metal other than iron, copper, and aluminum is
its major constituent in percent by weight.

Nonferrous Metals Forming

A set of manufacturing operations in which nonferrous metals and
nonferrous alloys are made into semifinished products by hot or
cold working. It also includes metal powder production and
powder metallurgy of all metals, including iron, copper, and
aluminum.

Non-Water Quality Environmental Impact

The ecological impact as a result of solid, air, or thermal
pollution due to the application of various wastewater
technologies to achieve the effluent guidelines limitations.
Also associated with the non-water quality aspect is the energy
impact of wastewater treatment.

NPDES Permits

Permits used by EPA or an approved state program under the
National Pollutant Discharge Elimination System.

Off-Gase~

Gases, vapors, and fumes produced as a result of a nonferrous
metals forming operation.

Off-Kilogram (Off-Pound)

The mass of nonferrous metal or metal alloy removed from a
forming operation or associated surface or heat treatment
operation at the end of a process cycle for transfer to a
different process or machine. For example, one kilogram for all
pounds of metal that is cold rolled twice in succession on the
same or tandem rolling mill and then annealed represents one off­
kilogram for all pounds for cold rolling and one off-kilogram for
all pounds for annealing; one off-kilogram for all pounds of
metal that is cold rolled once then annealed and cold rolled
again represents two off-kilograms for all pounds for cold
rolling and one off-kilogram ~or all pounds for annealing.
Product storage is also a facotr in calculating off-kilograms for
all pounds: one off-kilogram for all pounds of metal that is cold
rolled, taken off the line and stored, then cold rolled at a
later date represents t~~o off-kilograms for all pounds for cold
rolling.
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Oil and Grease (O&G)

Any material that is extracted by freon from an acidified sample
and that is not volatilized during the analysis, such as
hydrocarbons, fatty acids, soaps, fats, waxes, and oils.

Oxidation

A reaction in which there is an increase in valence resulting
from a loss of electrons.

E!!

The pH is the negative logarithm of the hydrogen ion activity'of
a solution.

Phosphating

Forming an adherent phosphate coating on a metal immersed in a
suitable aqueous phosphate solution~

Pickle Liquor

A spent acid-pickling bath~

Pickling

Removing oxides from metals by chemical or electrochemical
reactions.

Pig

<A metal casting used in r~melting.

Plate

A flat, extended, rigid metal body having a thickness greater
than or equal to 6.3 mm (0.25 inches).

Pointing

Reducing the diameter of wire, rod, or tubing over a short length
by swaging, hammer forging or squeezing to facilitate entry into
a drawing die and gripping .in the drawhead.

Pollutant Parameters

Those constituents of wastewater determined to be detrimental
and, therefore, requiring control.

Powder

Particles of mater characterized by small size, Le., 0.1' to
1,000 urn.
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PSES

The unit
determine
discharge.

Water used in a production process that contacts the product, raw
materials, or reagents.

Production Normalized Water Discharge

The volume of water discharged from a given process per mass of
nonferrous metal processed. The water may be discharged to
further treatment, discharged without treatment, or removed by a
contractor. Differences between the water use and wastewater
flows associated with a given stream result from recycle,
evaporation, ?nd carryover on the product.

Powder Metallurgy

The art of producing metal powders and using metal powders for
the production of massive materials (ingots, billets) and shaped
objects (parts).

Press Forging

Forging metal, usually hot, between dies in a press.

Priority Pollutants

Those pollutants included in Table 2 of Committee Print number
95-30 of the "Committee on Public Works and Transportation of the
House of Representatives," subject to the Act.

Pressing

In powder metallurgy,
compressive force.

Pretreatment standards (effluent regulations) for
sources, under Section 307(b) of the Act.

The volume of water or other fluid (e.g., emulsions, lubricants)
required per mass of metal processed through the operation.
Water uSe is based on the sum of recycle and make-up flows to a
given process.

Production Normalizing Parameter (PNP)



PSNS

Pretreatment standards (effluent regulations) for new sources,
under Section 307(c) of the Act.

Publicly Owned Treatment Works (POTW)

A waste treatment facility that is owned by a state or
municipality.

Quenching

Rapid cooling, in air, vapor or water.

Ram

The moving part of a hammer or press to which a tool is fastened.

Recrystallizatio,n Temperature

The minimum temperature at which a new, strain-free grain
structure is formed from that existing in a cold worked metal.

Recycle

Returning treated or untreated wastewater to the production
process from which it originated for use as process water.

Reduction

A reaction in which there is a decrease in valence resulting from
a gain in electrons.

Repressing

The application of pressure to a previously pressed' and sintered
compact, usually to improve some physical property.

Reuse

The use of treated or untreated process wastewater in a different
production process.

Ring Rolling

A forging process used to shape weldless rings from pierced disks
or thick-walled, ring-shaped blanks. The rings are forged
between rolls or a mandrel and hammer.

Rinsing

A process in which water is used to wash surface treatment and
cleaning chemicals from the surface of metal.
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Sheet

tw~

(co-

Scale

Rolling

A forming process that reduces the thickness of a workpiece by
passing it between a pair of lubricated steel rollers.

Roll Bonding

The process by which a permanent bond is created between
metals by rolling under high pressure in a bonding mill
rolling).

An intermediate metal product having a solid, round cross section
9.5 mm (3/8 inches) or more in diameter.

Sand Blasting

Abrasive blasting with sand.

Seal Water

sawing

Cutting a workpiece with a band, blade, or circular disk having
teeth.

Rod

A water curtain used as a barrier between the furnace atmosphere
and the outside atmosphere.

Semi-Fabricated Products

A thick layer of oxidation products formed on metals at high
temperatures. Also deposits of' water-insoluble constituents
formed on' surfaces in cooling towers and wet air pollution
control equipment.

Scrubber Liquor

The untreated wastewater stream produced by wet scrubbers
cleaning gases produced by nonferrous metals forming operations.

A flat-rolled metal product thinner than plate.

Intermediate products that are the final product of one process
and the raw material for a second process.
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Shot

in finely divided
formed during the

Skiving

Sintering

Solution Heat Treatment

A single solid homogeneous crystalline phase containing two or
more chemical species.

Heating an alloy to a suitable temperature, holding it at that
temperature long enough ~o cause one or more constituents to
enter into solid solution, and then cooling rapidly enough to
hold these constituents in solution.

Sizing

The production of shot by pouring metal
streams. Solidified spherical particles
descent are cooled in a tank of water.

Small spherical particles of metal, larger in diameter than
powder.

Shot Casting or Shotting

Removal ,of a material in thin layers 'with a high degree of shear
or slippage or both. This process is used to form a trough in a
strip of base metal in preparation for producing clad inlay strip.

Soldering

A process that bonds two metal pieces by heating them to a
suitable temperature and by using a filler material which melts
below 42SoC (8000 F). The filler material is distributed
between the surfaces of the joint by capillary action.

Solid Solution

The bonding of adjacent surfaces of particles in a mass of metal
powders .or a compact, by heating to a temperature less than the
melting point of the metal.

Shot Peening

Cold working the surface of a metal by metal-shot impingement.

Final pressing of a sintered compact to produce specified
dimensions and tolerances.
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Surfactants

steam
oxide

This
metal

caused by plastic
the recrystallization

Any visible stream or body of water, natural or man-made. This
does not include bodies of water whose sole purpose is wastewater
retention or the removal of pollutants, such as holding ponds or
lagoons.

Surface Water

Operations such as pickling, etching, phosphating, and chromating
which chemically alter the metal surface.

A sheet of metal in which the length is many times the breadth.

Strip

steel

An increase in hardness and strength
deformation at temperatures lower than
temperature.

Stainless Steel

An iron-base alloy, containing chromium and sometimes nickel of
manganese, which is extremely resistant to corrosion. Some
alloys called stainless steel are greater than 50 percent nickel.

Stationary Casting

A process in which the molten metal is poured into molds and
alloyed to cool. It is often used to recycle in-house scrap.

Surface Treatments

An iron-base alloy, containing manganese, usually carbon, and
often other alloying elements.

Strain Hardening

Surface active chemicals that tend to lower the surface tension
between liquids.

Steam Oxidation (Bluing)

Subjecting the surface of a ferrous alloy to the action of
at a suitable temperature, thus forming a thin blue film or
and improving the appearance and resistance to corrosion.
process is often used for iron and steel parts pressed from
powders.

Subcategorization

The process of segmentation of an industry into groups of plants
for which uniform effluent limitations can be established.
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Swaging

A process in which a solid point is formed at the end of a tube,
rod, or bar by the repeated blows of one or more pairs of
opposing dies. It is often the initial step in the drawing
process.

Swarf

Metallic particles and abrasive fragments removed by a cutting or
gr inding tool.

Tensile Strength

The ratio of maximum load to original cross-sectional area.

Total Dissolved Solids (TDS)
.q

Organic and inorganic molecules and ions that are in solution in
the water or wastewater.

Total Organic Carbon (TOC)

A measure of the organic contaminants in a wastewater. The TOC
analysis does not measure as much of the organics as the COD or
BOD tests, but .is much quicker than these tests.

Total Recycle

The complete reuse of a stream, with makeup water added for
evaporation losses. There is no blowdown stream from a totally
recycled flow and the process water is not periodically or
continuously discharged.

Total"Suspended Solids (TSS)

Solids in suspension in water, wastewater, or treated effluent.
Also known as suspended solids.

Trepanning

A type of boring where an annular cut is made into a solid
material with the coincidental formation of a plug or solid
cylinder. Used to prepare billets for extrusion into tubing.

Tube Reducing

Reducing both the diameter ·and wall thickness of tubing wi th a
mandrel and a pair of rolls with tapered grooves.

Tubing Blank

A sample taken by passing one gallon of distilled water through a
composite sampling device before initiation of actual wastewater
sampling.
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wire

lowrelativelyare readily vaporized at

in hardness and strength arid a loss of ductility that,
the workpiece as a result of passing through cold
cold working operations. Also known as strain-

Work-Hardening

A slender strand of metal with a diameter less than 9.5 mm (3/8
inches) •

Materials' that
temperatures.

Wet Scrubbers

Volatile Substances

Zero Discharger

Any industrial or municipal facility that does not discharge
wastewater.

Air pollution control devices used to remove particu~ates and
fumes from air by entraining the pollutants in a water spray.

Ultrasonic Cleaning

Immersion cleaning aided by sound waves with frequency greater
than 15 kHz that cause microagitation.

Turning

Removing stock from a rotating workpiece with a tool.

Tumbling (Barrel Finishing)

An operation in which castings, forgings, or parts pressed from
metal powder are rotated in a barrel with ceramic or metal slugs
or abrasives to remove scale, fins, or burrs. It may be done dry
or with an aqueous solution.

An increase
occurs in
forming or
hardening.
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