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ABSTRACT

Thi s handbook provi des gui dance to environnental, operations, and
desi gn personnel for controlling the discharge of nondonestic
wast ewater to donestic wastewater systens for conpliance with
muni ci pal and mlitary pretreatnent requirenents. Key sources of
nondonestic discharges at mlitary installations are identified
and characterized, and guidelines for selecting and inplenenting
i ndustrial wastewater nmanagenent strategies are presented. The
use of pollution prevention neasures is enphasized as a preferred
approach to conpliance, and pollution prevention guidelines are
presented. In addition, the handbook contains gui dance for the
sel ecti on, conceptual design, and procurenent of systens for
pretreatnment or recycling of nondonestic wastewaters.

The gui dance presented in this handbook applies to nost nmjor
mlitary installations, but is not intended for shipyards,

depots, or large industrial facilities discharging to industrial
wast ewat er treatnent systens. Direct discharge to a receiving

wat er body is al so not addressed. Likew se, the handbook is not
intended as a detail ed desi gn manual but rather as an overvi ew of
the inportant considerations involved in inplenenting nondonestic
wast ewat er pretreatnment and recycling systens.
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FOREWORD

Thi s handbook is approved for use by all Departnents and Agencies
of the Departnent of Defense. It is intended to guide the reader
in controlling nondonestic wastewater according to mlitary and
nonm litary standards. Comrercial equi pnent and naterials
mentioned in this handbook are included for illustration only and
do not constitute an endorsenent.

Beneficial coments (recommendations, additions, deletions) and
any pertinent data which nmay be of use in inproving this docunent
shoul d be submtted on the DD Form 1426 Standardi zati on Docunent
| nprovenent Proposal and addressed t hrough maj or commands to:

Air Force: HQ AFCESA/ CESC, 139 Barnes Dr., Suite 1, Tyndall AFB,
FL 32403-5319.

Army: U S, Arny Environnmental Center, AFZA-EQC, Buil ding E-
4435, Aberdeen Proving G ound, MD 21010.

DO NOT' USE THI S HANDBOOK AS A REFERENCE | N A PROCUREMENT DOCUMENT
FOR FACI LI TIES CONSTRUCTION. I T IS TO BE USED | N THE PURCHASE
AND PREPARATI ON OF FACI LI TI ES PLANNI NG AND ENG NEERI NG STUDI ES
AND DESI GN DOCUMENTS USED FOR THE PROCUREMENT OF FACI LI TI ES
CONSTRUCTI ON ( SCOPE, BASI S OF DESI GN, TECHNI CAL REQUI REMENTS,
PLANS, SPECI FI CATI ONS, COST ESTI MATES, REQUEST FOR PROPOSALS, AND
| NVI TATION FOR BIDS). DO NOT REFERENCE IT I N M LI TARY OR FEDERAL
SPECI FI CATI ONS OR OTHER PROCUREMENT DOCUMENTS.
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Section 1: | NTRODUCTI ON

1.1 Scope of Handbook. This handbook provides integrated
gui dance for operations, design, and environnental personnel for
controlling the discharge of nondonestic wastewater to donestic
wast ewat er systens for conpliance with |ocal, state, federal, and
mlitary pretreatnent requirenents. Key sources of nondonestic
di scharges at mlitary installations are identified and
characterized, and guidelines for selecting and inplenenting

i ndustrial wastewater nmanagenent strategies are presented. The
use of pollution prevention neasures is enphasized as a preferred
approach to achi eve conpliance, and pollution prevention
guidelines are presented. In addition, the handbook contains

gui dance for the selection, conceptual design, and procurenent of
systens for pretreatnent or recycling of nondonestic wastewaters.

The gui dance in this handbook applies to nost mgajor
mlitary installations, but is not intended for shipyards,
depots, or large industrial facilities discharging to industrial
wastewater treatnment facilities. Direct discharge to a receiving
wat er body is also not addressed. Direct discharge is regul ated
t hrough a National Pollutant D scharge Elimnation System ( NPDES)
permt, and usually requires an extensive treatnent facility. A
mlitary treatnent facility that discharges directly to a surface
wat er may be designated as a Federally Owmed Treatnent Wrks
(FOTW.

Thi s handbook is intended to provide an overview of the
i nportant considerations involved with inplenenting nondonestic
wast ewat er pretreatnment and recycling systens. For detailed
desi gn gui dance, the reader is referred to available mlitary
handbooks, such as ML HDBK-1005/9, Industrial and G| Wastewater
Control Handbook and ML HDBK-1005/ 16, WAstewater Treatnent
Syst em Desi gn Augnenti ng Handbook.

1.2 Organi zati on of Handbook. The handbook is organi zed as
fol |l ows:

a) Section 1: Introduction

b) Section 2: Applicable Laws, Regul ations, and
Pol i ci es
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c) Section 3: Devel opnent of Technically Based Local
Limts

d) Section 4. Wastewater Sources, Characteristics,
and Pol [ ution Prevention

e) Section 5: Quidelines for Selecting a Wastewater
Managenment System

f) Section 6: Ol and G ease Renoval
g) Section 7: Heavy Metals Renoval

h) Section 8: Treatnment for Washwater Recycling
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Section 2: APPLI CABLE LAWS5, REGULATI ONS, AND POLI ClI ES

2.1 Section Overview. This section provides information on
the applicable laws, regulations, and guidelines that govern the
di scharge of nondonestic wastewater to donestic wastewater
systens and thereby drive the need for inplenentation of
pol I uti on prevention neasures and pretreatnent systens. Key
anong these is the General Pretreatnent Regul ation, 40 CFR 403,
whi ch mandat es t he devel opnent and enforcenent of | ocal
pretreatnment limts, as well as the enforcenent of certain

uni form national pretreatnent standards. Al of the | aws,
regul ati ons, and policies discussed are national in scope and are
applicable to all mlitary installations, including overseas
installations. For wastewater discharges to waters of an
overseas host nation, the standards included in the Overseas

Envi ronment al Basel i ne Gui dance Docunent (OEBGD) and/or country-
specific Final Governing Standards (FGS) nust be conplied wth.

2.2 Cl ean Water Act. The Federal Water Pollution Control
Act of 1972, as anended by the C ean Water Act of 1977 and the
Water Quality Act of 1987, gives the U S. Environnental
Protection Agency (EPA) the authority to regul ate the discharge
of pollutants to waters of the United States. The NPDES Perm t
Program (40 CFR 122) was established under this Act. NPDES
permts nust be obtained for all direct discharges to surface
waters, but are not required for indirect discharges to donestic
wast ewat er systens.

Mlitary installations should review their NPDES perm:t
application to ensure that all operations and processes are
clearly identified. An NPDES permt does not authorize poll utant
di scharges associated with existing waste streans, operations, or
processes that the permt holder failed to clearly identify when
filing the permt application. Failure to know ngly disclose
processes or contam nants may subject the installation and
possi bly the associ ated personnel to fines and penalties.

2.3 Ceneral Pretreatnent Regul ati ons

2.3.1 Overview. The Ceneral Pretreatnent Regul ations,
promul gated under 40 CFR 403, have been the basis for the
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devel opnent and inplenentation of |ocal and state pretreatnent
prograns throughout the United States since 1978. The

regul ations set forth general discharge prohibitions that apply
to all nondonestic discharges to a Publicly Owmed Treatnment Wrks
(POTW, and they establish an adm nistrative nmechanismto ensure
that these general discharge prohibitions, as well as Categorical
Pretreatnment Standards, are applied and enforced. Through the
Federal Facilities Conpliance Act (FFCA) (see Section 2.5),
portions of the regulations also apply to discharges to FOTW.

The objectives of the CGeneral Pretreatnent Regul ations
are to:

a) Prevent the pass-through of pollutants in
violation of the POTWs NPDES permt |imtations.

b) Prevent interference wwth the operation of the
POTW including inhibiting or disrupting the effective treatnent
or causing a violation of the POTWs NPDES permt.

c) Prevent contam nation of the POTWs sludge (i.e.,
bi osolids), causing a violation of applicable standards or
preventing the beneficial use or disposal of residual solids.

d) Protect POTWworker health and safety.

e) | nprove opportunities to recycle and reclaim
muni ci pal and industrial wastewaters and sl udges.

2.3.2 Applicability to POTW. Under the General Pretreatnent
Regul ations, POIW with a total design flow greater than 5
mllion gallons per day (ngd) and receiving nondonestic

di scharges that pass through or interfere wwth the POTWare
required to establish an approved pretreatnment program Small er
POTW may al so be required to develop a pretreatnent programif

t hey are experiencing process upsets or permt violations caused
by nondonestic wastes.

2.3.3 Applicability to Nondonestic Di schargers. The General
Pretreat ment Regul ations apply to all nondomestic sources of
wast ewat er. However, enforcenent of pretreatnent standards

t hrough POTW pretreatnent prograns is ainmed primarily at
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“Significant Industrial Users” (SIUs). SlIUs include al

i ndustrial users subject to national categorical pretreatnent
standards, and any other industrial user that: discharges an
average of 25,000 gallons per day (gpd) or nore of process
wastewater to the POTW contributes a process waste streamt hat
makes up 5 percent or nore of the average dry weather hydraulic
or organic capacity of the POTWtreatnent plant; or has a
reasonabl e potential for adversely affecting the POTW s
operation. \Were POTW do not have an approved | ocal
pretreatment program the state or EPA has the responsibility of
enforcing pretreatnent requirenents.

2.3. 4 Applicability to Mlitary Installations. A mlitary
installation discharging to a POTWmay be classified in whole or
in part as an SIU and thus be subject to the General Pretreatnent
Regul ati ons, enforceable by the POTW As noted previously, if

t he POTW does not have an approved pretreatnent program the
state or EPA may enforce the regul ations directly.

MIlitary installations discharging to FOTW have not
hi storically been subject to pretreatnment regul ati ons. However,
under the FFCA, Section 108, FOTW are subject to pretreatnent
requirenents simlar to POTW under certain conditions (See
par. 2.6 for the requirenments).

2.3.5 Requi renents of the General Pretreatnent Regul ations.
The General Pretreatnent Regul ations require conpliance with the
foll ow ng di scharge standards:

a) Prohi bited D scharge Standards (40 CFR 403.5(b)).
These standards restrict discharge of the followng pollutants to
a POTW

1) Pollutants that could create a fire or
expl osi on hazard (e.qg., fuels)

2) Corrosives that could cause structural
damage, and in no case discharges with pH
| oner than 5.0

3) Solid or viscous pollutants that could
obstruct fl ow
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4) Heat in anmpbunts that could inhibit biological
activity, and in no case cause the treatnent
pl ant influent tenperature to exceed 40
degrees Celsius (°C) (104 degrees Fahrenheit

[°F1)

5) Pollutants at a flow rate and/or
concentration that could cause interference
with treatnment processes

6) Pollutants that could produce toxic gases,
vapors, or funmes within the sewer systemin
guantities endangering workers

7) Trucked or haul ed industrial wastewater
pol I utants, except at approved di scharge
poi nts

b) Local Limts (40 CFR 403.5(c)and(d)). These are
specific concentration limts for pollutants of concern that may
be di scharged to a donestic wastewater system They are to be
derived by the local POTWon a technical basis, considering
protection of plant processes, effluent and biosolids quality,
and worker health and safety (29 CFR 1910). FOIW are
encouraged, and nmay be required, to develop such Iimts, which
woul d be applicable to nondonestic discharges at mlitary
installations.

c) Nat i onal Categorical Pretreatnent Standards
(40 CFR 403.6). These are concentration and/or mass limts
devel oped by the EPA for selected industrial categories; sonme
mlitary installations have the type of industrial processes that
are subject to these limts. Installations should reviewthe
Cat egorical Standards discussed in par. 2.5 to determne their
applicability.

2.4 Local Limts. As noted above, POTW subject to the
Ceneral Pretreatnent Regul ations are required to devel op and
enforce technically based local limts for all pollutants of
concern. FOIW have not been required to devel op or enforce
local limts, but may be required to do so under the Federal
Facilities Conpliance Act, or may elect to do so if they
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experience difficulties in conmplying with NPDES or biosolids
di sposal permts. Thus, nondonestic discharges at mlitary

installations are subject to either the local Iimts of the POTW
to which the installation wastewater discharges, or to the FOTW
local Iimts developed for the installation.

2.4.1 Pol lutants Included in Local Limts. Mst POTWI ocal
limts include heavy netals, cyanide, and oil and grease. In
sone cases, local limts have al so been established for toxic

organi ¢ conpounds, such as benzene, tol uene, ethylbenzene, and
xyl ene (BTEX conpounds).

2.4.2 Poi nt at Which Local Limts Apply. For mlitary
installations, many POTW have elected to enforce local limts
only at the final point(s) connecting the mlitary installation
with the POTW pi peline system However, sone POTW enforce |oca
[imts within the mlitary installation either at specific
nondonesti c di scharge points or at a | ocation that conbi nes
several nondonestic sources.

2.4.3 Calculation of Local Limts. Local limts are site
specific for each treatnent system Variations are caused by
differences in treatnment processes, pollutant renoval
efficiencies, receiving water discharge standards, biosolids
di sposal standards, donmestic wastewater pollutant background
concentrations, and the type and magni tude of industri al

wast ewat er contributions. The calculation of local |[imts is
described in Section 3.

2.4. 4 Exanpl es of Local Limts. Table 1 presents a sunmary
of selected local limts. These exanples are presented to
illustrate a range of discharge standards that mlitary
installations may be required to nmeet. Each mlitary
installation should check with its local regulatory authority to
determ ne the applicable local Iimts.

2.5 Cat egorical Pretreatnent Standards. EPA has
establ i shed specific “categorical pretreatnent standards” for
indirect dischargers in 33 industrial categories. These are

nati onal standards enforceable in addition to any local limts.
Both the local |Iimts and categorical standards are required to
be net.
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Tabl e 2 sunmari zes existing categorical pretreatnent
standards for the Electroplating (40 CFR 413) and Metal Finishing
(40 CFR 433) categories, which are the two categories nost |likely
to apply at mlitary installations. Oher categories, such as
the Steam El ectric Power Generating category (40 CFR 423), could
al so apply at sone mlitary installations, depending on the
activities conducted. |In addition, new categories with potenti al
applicability to mlitary installations, including Metal Products
and Machinery and I ndustrial Laundries, are under consideration.
EPA maintains a listing and schedul e of proposed and promul gat ed
cat egori cal standards.

Table 2
Sel ected Categorical Pretreatnment Standards for Existing
Sour ces(1)

El ectropl ati ng(2) Met al Fi ni shi ng(3)

Pol | ut ant Max. Day 4- Day Avg. Max. Day Mo. Avg.
Al um num -- -- -- --
Cadmi um 1.2 0.7 0. 69 0. 26
Chr om um -- -- 2.77 1.71
Copper - - - - 3.38 2.07
Cyani de 5.0 2.7 1.2 0. 65
I ron - - - - - - - -
Lead 0.6 0.4 0. 69 0. 43
Ni ckel -- -- 3.98 2.38
Silver -- -- 0. 43 0. 24
Zi nc -- -- 2.61 1.48
TTO -- -- 2.13 --
Ol & Gease -- -- -- --
DAl Timts are in ng/L.

(2) Source: 40 CFR 413. Limts shown are for facilities

di scharging | ess than 10,000 gallons/day; facilities discharging
nmore than 10,000 gal l ons/day are subject to additional limts.

(3) Source: 40 CFR 433.15, Pretreatnent Standards for Existing
Sources. Pretreatnment Standards for New Sources (PSNS) are given
in 40 CFR 433. 17.

10
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2.5.1 El ectroplating. Electroplating categorical standards
apply to common netals el ectroplating, precious netals

el ectropl ati ng, anodi zi ng, coating, chemcal etching and mlling,
el ectroless plating, and printed circuit board facilities.
Further, the regulations contain only pretreatnment standards for
exi sting sources (PSES), which are sources that were in existence
on Septenber 7, 1979, when the regul ations were pronul gated. New
sources performng electroplating operations after that date are
subject to the Metal Finishing regulations. Mlitary
installations perform ng any of the operations noted above shoul d
refer to 40 CFR 413 for additional information.

2.5.2 Metal Finishing. Metal Finishing Regulations

(40 CFR 433) apply to all facilities that perform el ectropl ating,
el ectrol ess plating, anodizing, coating (chromating, phosphating,
and/or coloring), chemcal etching and mlling, and printed
circuit board manufacturing but are not subject to the

El ectroplating Regulations. Sonme mlitary installations perform
t hese processes. |If a facility perfornms one or nore of these six
processes, sone 40 additional processes are also subject to the
Met al Finishing Regulations. A list of the 46 processes covered
in the regulations is shown in Table 3.

Table 3

Processes Covered in Metal Finishing Regulations (40 CFR 433)
El ectropl ati ng El ectric Di scharge Machi ning
El ectrol ess Pl ating El ectrochem cal Machi ni ng
Anodi zi ng El ectron Beam Machi ni ng

Coat i ng Laser Beam Machi ni ng

Chenmi cal Etching and M1 1ing Pl asma Arc Machi ni ng

Printed Circuit Board U trasoni ¢ Machi ni ng
Manuf act uri ng

Cl eani ng Sintering

Machi ni ng Lam nati ng

G i ndi ng Hot Di p Coating

Pol i shi ng Sputtering

Tunbl i ng Vapor Pl ating

Bur ni shi ng Thermal | nfusion

| npact Deformation Salt Bath Descaling

Pressure Deformation Sol vent Degreasi ng

Sheari ng Pai nt Stripping

Heat Treating Pai nti ng

Thermal Cutting El ectrostatic Painting

11
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Tabl e 3 (Conti nued)

Vel di ng El ectropai nting

Brazi ng Vacuum Met al i zi ng

Sol deri ng Assenbl y

FIl ame Sprayi ng Cali bration

Sand Bl asting Testing

O her Abrasive Jet Machi ning Mechani cal Pl ating

2.5.3 O her Categories. It should be noted that effluent

limtations for direct discharges have al so been pronul gated for
other categories present at mlitary installations, such as
hospitals (40 CFR 460) and phot ographi c processing (40 CFR 459).
However, these standards apply only to direct discharges to
surface waters and not to indirect discharges to FOTW or POTWS.

2.6 Federal Facilities Conpliance Act. Mlitary
installations discharging to their own wastewater treatnent
pl ants have not historically been subject to pretreatnent
regul ati ons. However, under the FFCA, Section 108, treatnent
pl ants desi gnated as FOTW are subject to hazardous waste

di sposal and pretreatnent requirenents simlar to POTW.

Under draft guidance inplenmenting the FFCA, to qualify
for FOTWstatus, the treatnent plant nmust be owned and operated
by the federal governnent; on an annual basis nore than 50
percent of the plant influent nust be donestic sewage, and the
pl ant effluent nust be subject to a Section 402 (NPDES) permt.
| f FOTWstatus is attained, then waste introduced to the FOTWis
not subject to hazardous waste regul ati ons under RCRA, provided
that no individual activity at the mlitary installation
generates nore than 220 | bs(100 kg) of hazardous waste per nonth
or acutely hazardous waste of any quantity. |If these
requi renents are not net, then the FOTWnust inplenent a
pretreatnment program Pretreatnent requirenments woul d be
adm ni stered by the FOTWs host installation and, at a m ni num
woul d require the host installation to:

a) | dentify the FOTWfundi ng needs for the
pretreatnment program prioritize them and request such funding.

12
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b) ldentify industrial activities that m ght be
subj ect to the FOTW pretreatment program

c) | dentify the character and vol une of pollutants
contributed to the FOTWby the industrial activities identified
under paragraph (b).

d) Conduct surveillance activities and investigate
i nstances of nonconpliance with general and categori cal
pretreatnent standards.

e) | ncorporate pollution prevention activities to
reduce the volunme or toxicity of wastes received by the FOTW

For FOTW with a design flow greater than 5 ngd, and
for certain FOTW wth a design flow of less than 5 ngd where
ci rcunst ances warrant, additional requirenments would apply.
These include sanpling and anal ysis of wastewater discharges from
industrial activities; evaluation of the need for a slug-control
pl an for sources discharging nore than 25,000 gpd, and requiring
t he devel opnent of such a plan when needed; and devel opi ng and
i npl enenting an enforcenent action plan.

2.7 Pol I ution Prevention Act. The Pollution Prevention Act
of 1990 (PPA) (Public Law 101-508) makes pollution prevention the
national policy of the United States. The goals of the PPA are
that “pollution should be prevented or reduced whenever feasible;
pol lution that cannot be prevented should be recycled in an
environnmental |y safe manner, whenever feasible; pollution that
cannot be prevented or recycled should be treated in an
environnmental | y safe manner whenever feasible; and di sposal or
release into the environnment should be enployed only as a | ast
resort.” In other words, source reduction is the preferred

choi ce, where source reduction is defined as reducing the anount
of a pollutant that enters a waste streamor that is otherw se
rel eased into the environnent prior to out-of-process recycling,
treatnent, or disposal

2.8 Directives

2.8.1 Executive Order 12088. Executive Order 12088, Feder al
Compliance with Pollution Control Standards, requires mlitary

13
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installations to take all necessary actions to prevent, control,
and abate environnental pollution at all mlitary installations;
to conply with applicable federal environnental regulations; and
to correct nonconpliance. This order further requires that the
head of each Executive agency responsible for the construction or
operation of federal facilities outside the United States ensure
t hat such construction or operation conplies with the environ-
mental pollution control standards of general applicability in

t he host country or jurisdiction.

2.8.2 Department of Defense Directive 5100.50. Departnent of
Def ense Directive 5100.50, Protection and Enhancenent of
Environnmental Quality, directs the mlitary to conply with the
spirit and letter of federal environnental |aws, executive
orders, and regulations, and to denonstrate | eadership in

envi ronnent al pollution abatenent and environnental enhancenent.

2.8.3 Department of Defense Directive 4715.5. Defense
Directive 4715.5, Mnagenent of Environnmental Conpliance at
Overseas Installations, directs the mlitary to establish m ni num
envi ronmental protection standards applicable to all Departnent

of Defense (DoD) installations and facilities overseas.

Simlarly, the North Atlantic Treaty Organi zati on (NATO Status
of Forces Agreenent (SOFA) obligates U S. Forces to “respect the
| aw of the receiving State.”

2.8. 4 Air Force Policy Directive 32-70. Air Force Policy
Directive 32-70, Environnental Quality, is inplenented through
Air Force Instruction 32-7041 and in general requires that a

wat er quality conpliance program be established at all Air Force
installations to assess, attain, and sustain conpliance with the
federal Clean Water Act and ot her applicable federal, state, and
| ocal environmental regulations and related DOD and Air Force

di rectives.

2.8.5 Navy Policy OPNAVI NST 5090.1A. The basic policy of the
Navy regarding pollution control is that the Navy will cooperate
with all other concerned agencies at the local, state, and

federal level. This policy is detailed in the Ofice of the
Chi ef of Naval Operations Instruction (OPNAVI NST) 5090. 1A,
Envi ronmental and Nat ural Resources Program Manual. Additiona

14
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gui dance is given in ML-HDBK-1190, Facility Pl anning and Design
Qui de.

2.8.6 Arny Environnental Policy Statenments. The Arny

Envi ronment al Managenent Policy Menorandum 17 July 1990
(reiterated 5 Decenber 1995), endorsed by the Arnmy Chief of Staff
and the Secretary of the Arny, states that “All of us, Total Arny
menbers and | eaders, mlitary and civilian, nmust ensure that we
are well aware of our responsibilities as we set the standard for
t he Departnent of Defense and the Nation in neeting the

envi ronment al chal | enges of the 1990s and beyond.” Additional
Armmy policy statenments are included in AR 200-1, Environnental
Protecti on and Enhancenent, 21 February 1997, and AR 420-49,
Uility Systens, April, 1997.

2.9 Cccupational Safety and Health Adm nistration (OHSA)
Standards. OSHA Standards for Process Safety Managenent of

H ghly Hazardous Chem cals, 29 CFR 1910.119, inplenents

requi renents for preventing or mnimzing the consequences of
catastrophic rel eases of toxic, reactive, flanmable, or explosive
chem cals. The standard provi des gui dance on inpl enentation of
required progranms in the event of accidental rel ease, and
requires that adequate information be gathered for highly
hazardous chem cals and that appropriate process safety
managenent prograns are in place.

15
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Section 3: DEVELOPMENT OF TECHNI CALLY BASED LOCAL LIM TS

3.1 Section Overview. The purpose of this sectionis to
provi de gui dance for the devel opnment of technically-based | ocal
[imts to control the discharge of pollutants of concern from
nondonestic mlitary sources to FOTW and POTW. For mlitary
installations that discharge to a POTW the guidance could be
useful in assessing whether local limts devel oped by the POTW
are reasonabl e and def ensi bl e.

3.2 Pur pose of Local Limts. Devel opnent of |ocal sewer
di scharge standards and limts for both POTW and FOTW is driven
by the foll ow ng goals:

a) Protect the treatnment system s bi ol ogica
processes (activated sludge, anaerobic digestion, etc.) from
toxic inhibition.

b) Ensure that the quality of the treatnment system
effluent conplies with its NPDES permt limtations or applicable
wat er quality standards.

c) Ensure that the quality of biosolids (sl udge)
produced by the treatnment systemconplies with applicable
regul ati ons.

d) Protect the sewer system from damage and
obstruction and workers from excessive toxic or explosive funes.

3.3 Ceneral Approaches to Devel oping Local Limts. GCeneral
approaches and net hodol ogi es for developing local limts are
described in the EPA docunent EPA 833/ B-87-202 entitled Cui dance
Manual for the Devel opment and | npl enentation of Local Discharge
Limtations Under the Pretreatnment Program Four technical
approaches are outlined in this manual, as foll ows:

a) Maxi mum al | owabl e headwor ks | oadi ng ( MAHL)
approach - Recommended for developing local limts for pollutants
that affect treatnent system perfornmance and regul atory
conpliance, such as heavy netals and cyani de.

16
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b) Col | ection system protection approach -
Reconmmended as the basis for establishing prohibited discharge
standards, either numeric or general in nature, to protect
agai nst fire/explosion, corrosion, flow obstruction, heat
effects, and funme toxicity.

c) Pol | uti on prevention approach - Reconmended to
m nim ze the discharge of toxic or hazardous pollutants to the
sewer, or to mnimze their inpacts.

d) Best professional judgnment approach - Reconmmended
to establish limts on a case-by-case basis where a rational
met hodol ogy and technical basis for a limt may not exist.

This section addresses the first two approaches: the
devel opnent of local limts and prohi bited di scharge standards.
Pol l ution prevention is addressed in Section 4.

3.4 The MAHL Approach. In this approach, the maximm

al l owabl e | oads (Il bs/day) that can be accepted into the treatnent
plant (i.e., the MAHLs) are cal culated for each pollutant of
concern. A know edge of the applicable standards and criteria to
be net by the plant, and its pollutant renoval efficiencies, are
needed to make these cal cul ations. Residential/background
contributions of pollutants and an appropriate safety factor are
then subtracted fromthe MAHLsS to determ ne the maxi num al | owabl e
i ndustrial loading (MAIL) for each pollutant of concern. Local
limts (ng/L) are then cal cul ated by one of three nethods, but
typically by dividing the MAIL by the total industrial flow

A schematic diagram of the devel opnment process for
local limts based on the maxi mum al | owabl e headwor ks | oadi ng
approach is given in Figure 1. The process is further described
in the foll ow ng subsecti ons.

3.4.1 Regul atory Criteria. The regul atory guidelines and
criteria that serve as the technical basis for devel oping | oca
[imts enconpass process inhibition, biosolids disposal, and

ef fl uent discharge. Applicable standards and criteria in each of
these three areas are used to cal culate MAHLs. The | owest
conputed MAHL for each pollutant is then used in the

determ nation of local limts.
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3.4.1.1 Process Inhibition. Any biological treatnment process
is potentially subject to toxic inhibition, including the
activated sludge process, the trickling filter process, and the
anaer obi ¢ digestion process. Threshold inhibition |levels for

t hese processes are given in EPA 833/B-87-202 and are sunmari zed
in Table 4. These inhibition concentrations are not well
established and may vary widely fromplant to pl ant.

3.4.1.2 Bi osolids Disposal. Allowable pollutant concentrations
in biosolids disposed by a treatnent plant depend on the final
use or disposal destination of the solids. Table 5 presents the
al I owabl e pol I utant concentrations for |and application and
surface disposal of biosolids, based on federal regulations

(40 CFR 503). State requirenents generally follow the federal
regul ati ons but may be nore stringent. For |agoon treatnent
systens, biosolids regul ations apply when sludge is renoved from
t he | agoons for disposal.

3.4.1. 3 Ef fluent Di scharge. Allowable pollutant concentrations
in treatment systemeffluent are normally specified in the
systemis NPDES permt. |If not, they may be derived from
applicable receiving water quality criteria. Table 6 presents
EPA's water quality criteria under Section 304(a) of the C ean
Water Act for the priority toxic pollutants. These criteria are
applicable in states that have not devel oped their own water
quality criteria and are the basis for the criteria devel oped and
enforced individually by other states. D fferences in the val ues
of individual parameters may exist fromstate to state

The approach used to derive allowable treatnent system
ef fluent concentrations fromwater quality criteria also varies
fromstate to state. The basic approach is to assune that the
effluent nust conply with the Criterion Maxi mum Concentrati ons
(CMCs) at or near the point of discharge and conply with the
Criterion Continuous Concentrations (CCCs) and Human Heal th
Concentrations (HHCs) after dilution in a m xing zone. However,
a nunber of different factors should be di scussed with regul atory
authorities in inplementing this approach, including the
fol | ow ng:
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Tabl e 4
Toxic Pollutant Inhibition Threshold Levels
Acti vat ed Trickling | Anaerobic

Pol | ut ant Sl udge Nitrification Filters Di gestion
Arsenic 0.1 1.5 - - 1.6
Cadm um 1-10 5.2 - - 20
Chrom um (total) 1-100 0.25-1.9 1-100 - -
Chromium (I11) 10-50 - - 3.5-67.6 130
Chrom um (\VI) 1 1-10 - - 110
Copper 1 0. 05-0. 48 - - 40
Lead 1 0.5 - - 340
Ni ckel 1 0. 25-5 - - 10- 36
Zi nc 0.3-10 0.08-0.5 - - 400
Mer cury 0.1 - - - - - -
Silver 0. 25-5 - - - - 13- 65
Cyani de 0.1-5 0.34-0.5 30 1-100
Acrylonitrile -- -- -- 5
Ant hr acene 500 - - - - - -
Benzene 100 -- --
Carbon Tetrachl ori de - - - - - - 2-159. 4
Chl or obenzene - - - - - - 0.96-3
Chl orof orm - - 10 - - 1-16
2- Chl or ophenol 5-200 -- -- --
1, 2- Di chl or obenzene 5 -- -- 0.23-3.8
1, 3- Di chl or obenzene 5 -- -- --
1, 4- Di chl or obenzene 5 -- -- 1.4-5.3
2,4-Di chl or ophenol 64 64 -- --
2,4-Di ni trophenol -- 150 -- --
2, 4- Di net hyl phenol 40- 200 -- -- --
2,4-Di ni trotol uene 5 -- -- --
1, 2- 5 - - - - - -
Di phenyl hydr azi ne
Et hyl benzene 200 -- -- --
Hexachl or obenzene 5 - - - - - -
Pent achl or ophenol 0. 95- 150 -- -- 0.2-1.8
Phenant hr ene 500 - - - - - -
Phenol 50- 200 4-10 - - - -
Tet rachl or oet hyl ene -- -- -- 20
Tri chl or oet hyl ene -- -- -- 1-20
Tol uene 200 - - - - - -
2,4, 6- 50- 100 - - - - - -
Tri chl or opheno
Surfactants 100- 500 - - - - - -

Sour ce:
Wat er, Decenber 1987.
Note: All units are in ng/L.
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a) Est abl i shnent of the dinmensions of the m xing zone
to which the CCCs and HHCs apply, or the dinensions of the zone
of initial dilution (ZID), the smaller area within the m xing
zone, to which the CMCs apply.

b) I f the discharge is to a flow ng stream
determ nation of the |low stream flow available for dilution

c) Determ nation of the bioavailability of the
pol l utants of concern, recognizing that sonme processes di scharge
heavy netals that are organically bound or otherw se not
bi oavai | abl e. The EPA and sone states recogni ze and accept
vari ous approaches to account for netals bioavailability,

i ncluding chem cal translator ratios, bioassay water effects
rati os, and significant indigenous species eval uations.

d) Est abl i shnent of the hardness, pH, and chloride
content of the receiving water, which inpact the toxicity of sone
metal s and hence the magni tude of sone water quality criteria.

e) Est abl i shnment of the background concentrations of
pollutants in the receiving water; the |ower the background
concentration, the greater the all owable effluent discharge
concentration.

f) Consi deration of the practical quantitative |evel
of a pollutant in cases where the water quality criterion may
actually be |l ower than EPA s approved nethod detection [imt for
t he poll utant.

3.4.1. 4 Air Emssions Criteria. Hazardous air pollutants
(HAPs) at wastewater treatnment plants (WMPs) are regul ated under
the Federal Cean Air Act Amendnents (CAAA) of 1990. Four titles
under the CAAA of 1990 may apply to WMPs, but only one of these,
Title I'll, has potential ramfications on the devel opnent and
setting of local limts. Title Ill requires inplenentation of
maxi mum achi evabl e control technol ogy (MACT) for nmjor sources of
HAPs at WMPs. WMajor sources are defined as those that have the
potential to emt at |east 10 tons/year of any individual HAP, or
25 tons/year total HAPs. EPA has designated 189 conpounds and

el emrents as federal HAPs, but only about 26 of these have been
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detected at WMPs. For practical purposes, the conventiona
priority pollutant scans address the HAPs of concern at WMPs.

EPA has issued gui dance to assist in determning whether
a WMP is a major source of HAPs and therefore subject to
i npl enentation of MACT. Under this guidance, a WMP woul d be
subject to installing MACT if it met two of the follow ng three
criteria:

a) Has a capacity greater than 50 ngd

b) Accepts nore than 30 percent industrial waste
contribution

c) Has influent priority pollutant volatile organic
chem cal (VOC) concentrations greater than 5 ng/L

Few FOTW and POTW are expected to exceed these
criteria and thus be subject to inplenentation of MACT. However,
under Section 112(r) of Title Ill, even non-mgjor sources of HAPs
must prepare a R sk Managenent Plan if they use or store acutely
hazardous material in quantities above specified threshold
l[imts. The threshold limts are 2,500 | bs for chlorine,

5,000 I bs for sulfur dioxide, and 10,000 | bs for ammni a and
met hane.

3.4.2 Pol | utants of Concern. *“Pollutants of concern” are

t hose having the potential to cause process inhibition,
interference, permt violations, or endangernent of worker health
and safety. Local limts nust be devel oped for all pollutants of
concern.

EPA has provi ded gui dance for identifying pollutants of
concern, which is described in EPA 833/B-87-202. Pollutants of
concern generally include cadm um chrom um copper, |ead,
ni ckel , zinc, silver, arsenic, nmercury, and cyanide. In
addi tion, EPA guidance directs that a toxic pollutant may be
classified as a pollutant of concern if it neets any one of the
foll ow ng screening criteria:

a) The maxi mum concentration of the pollutant in the
WMP influent is nore than 1/500th of the all owabl e biosolids
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concentration, or nore than one-fourth of the inhibition
threshol d for the biological process.

b) The maxi mum concentration of the pollutant in the
WMP biosolids is nore than half of the allowabl e biosolids
concentration. The all owabl e biosolids concentration will depend
on the nethod of disposal (see Table 5 and 40 CFR 503 for further
details).

c) The maxi mum concentration of the pollutant in the
diluted m xture of WMP effluent and receiving water is nore than
half of the allowable water quality standard or criteria.

3.4.3 Treatment Plant Renoval Efficiencies. Treatnent plant
removal efficiencies are needed to conmpute MAHLs from effl uent
and biosolids criteria. Site-specific data collected over a
period of at |least a year are preferred for this purpose. The
removal efficiency, R for any given conservative or non-
degradabl e pollutant may be conputed as foll ows:

R = (Influent Concentration - Effluent Concentration)
I nfl uent Concentration

Frequently, the neasured influent and effl uent
concentrations are near, or even |less than, the method detection
[imt. Consequently, conmputed renoval efficiencies can be
erratic.

Where adequate data is lacking to establish reliable

percentage renoval s, regul atory agencies may al |l ow EPA nati ona
survey values to be used. These are summarized in Table 7.
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Table 7
POTW Pol | ut ant Renoval

Efficiencies

Medi an Medi an Medi an
Renoval Renoval Renoval
Per cent age Per cent age Per cent age
Thr ough Thr ough Thr ough
Primry Acti vat ed Trickling
Pol | ut ant Tr eat nent Sl udge Filter
Tr eat ment Tr eat ment
Arseni c -- 45 --
Cadm um 15 67 68
Chrom um 27 82 55
Copper 22 86 61
Cyani de 27 69 --
Lead 57 61 55
Mer cury 10 60 50
Ni ckel 14 42 29
Sel eni um - - 50 --
Silver 20 75 66
Zi nc 27 79 67
Benzene 25 80 75
Chl orof orm 14 67 73
1,2 trans-Di chl oroet hyl ene 36 67 50
Et hyl benzene 13 86 80
Met hyl ene chl ori de -- 62 70
Tet rachl or oet hyl ene 4 80 80
Tol uene -- 93 93
1,1, 1-Tri chl or oet hane 40 85 89
Tri chl or oet hyl ene 20 89 94
Ant hr acene -- 67 --
Bis (2- -- 72 58
et hyl hexyl ) pht hal at e
Butyl benzyl phthal ate 62 67 60
Di - n-butyl phthal ate 36 64 60
Di et hyl phthal ate 56 62 57
Napht hal ene 44 78 71
Phenant hr ene -- 68 --
Phenol 8 90 84
Pyrene - - 86 - -
Source: EPA 833/ B-87-202, Tables 3-9 and 3-10, EPA O fice of Water,
December 1987.
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3.4. 4 Cal cul ation of MAHLs. The MAHL of a treatnent plant is
t he maxi mum pol lutant [oad i1 n pounds per day that the plant can
recei ve without exceeding effluent, biosolids, or process
inhibition criteria. The MAHL for any given pollutant of concern
is the small est val ue conputed fromthe foll ow ng equations.

MAHL based on effluent discharge criteria:

MAHL = All owabl e effluent concentration (nmg/L) x Flow x 8. 34
1-Rr

MAHL based on biosolids criteri a:

MAHL = Al | owabl e bi osolids concentration (my/kg) x Pr x 10°°
Rr

MAHL based on activated sludge or trickling filter inhibition
criteria:

MAHL = Inhibition level (nmg/L) x Flow x 8.34
1-Re

MAHL based on anaerobic digestion inhibition criteria:

MAHL = Inhibition level (nmg/kg) x Pp x 10°°

Rr
wher e,
MAHL = Maxi mum Al | owabl e Headwor ks Loadi ng, | bs/day

Flow = Average daily treatnent plant flow (ngd)

Ry = Total plant pollutant renoval rate

Re = Primary treatnent renoval rate

Pr = Plant average daily biosolids disposal
rate (I bs/day)

Po = Average daily sludge feed to digester
(1 bs/ day)

3.4.5 Al'l ocation of MAHLs to Nondonestic Sources. The

portion of each pollutant MAHL all ocable to nondonestic users,
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termed the or MAIL, is equal to the total MAHL, |ess the |oading
contributed by donestic/background sources (Lysg), |ess an anobunt
held in reserve as a safety factor (Lsf):

MAIL = MAHL - Lpg - Lse (all units in | bs/day)

3.4.5.1 Donesti c/ Background Pol | utant Loadi ngs. EPA recomends
t hat donmesti c/ background pol |l utant concentrations be obtained

t hrough site-specific nonitoring conducted at |ocations that
recei ve wastewater solely fromdonmestic sources. However

al ternative approaches may be accepted. One conservative
approach, which takes advantage of data that may al ready exist,
is to assune that donmestic/background concentrations are equal to
pl ant influent concentrations. A second approach is to utilize
EPA' s national survey results for donestic/background pol |l utant
concentrations, which are sunmari zed in Table 8.

Tabl e 8
Resi denti al / Background Pol | utant Concentrations
Pol | ut ant Aver age Concentration (ng/L)
Arseni c 0. 007
Cadm um 0. 008
Chrom um 0. 034
Copper 0.109
Cyani de 0. 082
Lead 0.116
Mer cury 0. 002
Ni ckel 0. 047
Silver 0. 019
Zinc 0. 212
Met hyl ene Chl ori de 0. 027
Tet rochl or oet hene 0. 014
1, 2- Di chl or oet hene 0. 013
Chl orof orm 0. 009
1, 1- Di chl or oet hene 0. 007
1, 1- Di chl or oet hane 0. 007

Sour ce: Suppl enental Manual On the Devel opnent And
| mpl ementation of Local Discharge Limtations Under
the Pretreatnent Program EPA 21W 4002, Ofice of
Wat er .
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3.4.5.2 Safety Factors. EPA recommends allocating only a
portion of the MAHL for each pollutant to the treatnent plant’s
current users. The renmaining portion is recomended to be held
in reserve as a safety factor to account for future industrial
grow h, potential slug |oadings, and other uncertainties. A
safety factor of 10 to 25 percent should be adequate in nost
cases (i.e., Ls=(0.1 to 0.2) MAHL).

3.4.6 Cal culation of Local Limts. Local limts are
cal cul ated by allocating MAHL val ues to donestic and nondonestic
users. Three basic alternative allocation nethods are accepted:

a) Uni f orm concentrati on net hod
Local Limt = MAIL/Qpu8.34)

Here, Qwu represents the total flow from all
nondonestic users not included as part of the domestic/background
class. This nmethod results in the sanme local limts for all such
nondonesti c users, regardl ess of whether they discharge the
pollutant in question. This is a conservative nethod and is the
one nobst commonly used.

b) Contributory fl ow net hod
Local Limt = MAIL/ Q\IDUCCNTRI B( 8. 34)

Here, Quoucontris represents the total flow fromonly those
nondonesti c users who actually discharge the pollutant in question
in concentrations above the background. AlIl such users would have
the sane local limts, while other nondonestic users would be
al l owed to discharge up to the background concentration of the
particular pollutant. This nmethod is sonetines used when the
uni form concentration nethod yi el ds exceptionally stringent |ocal
[imts.

c) Wast el oad al | ocati on net hod
Local Limtyx = Lx/ Q8. 34)

Here, Lx and Q represent the allocated pollutant |oad,
and correspondi ng fl ow of nondomestic user “X’, respectively.
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In this nethod, all significant nondonestic users have their own
i ndividual limts.

3.5 Devel opnent of Discharge Limtations Based on
Protection of the Collection System and Wirker Health and Safety

3.5.1 Prohi bited D scharge Standards. These standards,
applicable to all users, prohibit the discharge of any
nondonmesti ¢ wastes containing certain types or anmounts of

pol lutants which would interfere with the operation of collection
and treatnent systens. Nationally prohibited di scharges under 40
CFR 403.5 include the foll ow ng:

a) Pol lutants that create a fire or explosion hazard,
including but not limted to waste streans with a cl osed cup
fl ash-point of |less than 140°F or 60°C

b) Pollutants that will cause corrosive structural
damage, and in no case discharges with a pH |lower than 5.0 unl ess
the treatment works is designed to accombdat e such di scharges

c) Solid or viscous pollutants in amunts which w |
cause obstruction to the flowresulting in interference

d) Any pol lutant, including oxygen demandi ng
pollutants released in a discharge at a flow rate and/or
pol l utant concentration which will cause interference

e) Heat in anmounts that will inhibit biological
activity in the treatnent plant resulting in interference, but in
no case heat in such quantities that the tenperature at the
treatment plant exceeds 40°C unless alternate tenperature limts
are approved

f) Petrol eum oil, nonbi odegradable cutting oil, or
products of mneral oil origin in amunts that will cause
interference or pass through

g) Pollutants that result in the presence of toxic
gases, vapors, or funmes within the collection or treatnment system
in a quantity that may cause acute worker health and safety
probl ens
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h) Any trucked or haul ed pollutants, except at
approved di scharge points

3.5.2 Ol and Gease Limts. Although many nunici pal sewer
use ordi nances contain a nuneric oil and grease limtation, these
l[imts vary greatly because no technical basis presently exists
for establishing such a limt (see Table 1). As prelimnary

gui dance, EPA has suggested that a limt of 100 ng/L may be used
for “petroleumoils, nonbi odegradable cutting oils, or products
of mneral oil origin.” Likewse, alimt of 100 to 200 ng/L may
be appropriate for polar oils and greases derived from ani mal and
vegetable materials, which is approximtely their background
concentration in raw donestic wast ewater

3.5.3 Protecti on Agai nst Vapor Toxicity. Discharges to
sewers of volatile pollutants whose vapors are toxic can create
condi tions hazardous to workers who nust enter the wastewater
collection system The national prohibited discharge standard
given previously (par. 3.5.1g) is the m nimum standard of
protection for discharges of volatile pollutants. Were high
concentrations of volatile organic concentrations are detected
t hrough wastewater nonitoring, additional protection standards
based on worker health and safety criteria my be warranted.

A sinplified approach for cal culating the aqueous
concentration of a given VOC that results in an equilibrium
at nospheric concentration harnful to workers is given in the EPA
gui dance manual Qui dance to Protect POTW Wrkers from Toxi ¢ and
Reactive Gases and Vapors EPA 812/ B-92-001. The approach is based
on Henry's Law and maxi num at nospheric concentrations established
by the Anmerican Conference of CGovernnental |ndustrial Hygienists
(ACA H), which are based on continuous worker exposure during a
40- hour work week. These limting concentrations are ternmed
threshold Iimt val ues--tine-weighted averages (TLV-TWA). These
limts are conservative because equilibrium concentrations are not
attained in a sewer system and because workers would |ikely not be
exposed to funes 40 hours/week. As a result, EPA recommends this
approach for establishing screening |evels (trigger for further
action) and not enforceable [imts.

The screening levels for the four BTEX conpounds based
on the EPA vapor toxicity approach are as foll ows:
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Vapor Toxicity Screening

Conpound Level (ng/L)

Benzene 0.13

Et hyl benzene 1.59

Tol uene 1.35

Total Xyl enes 2.02
3.5. 4 Protection Against Flammbility/Explosivity. U S EPA
amendnents to the General Pretreatnent Regul ations require
muni ci palities to inplenent local limts that prevent flamuable/

expl osi ve conditions fromoccurring in the sewer atnosphere
(Federal Register, 55, 142, 1990). As noted previously, the
specific requirenent prohibits pollutants with a closed cup

fl ashpoi nt of |ess than 140°F (60°C). VWhile the flashpoint
limtation is not initself a sufficient local limt for al

i ndustrial users, it does provide a good supplenent to other
limtations by effectively prohibiting the discharge of undil uted
vol atil es such as gasoline, diesel, jet fuel, BTEX conpounds,

met hyl ethyl ketone (MEK), and ethyl al cohol.

As an adjunct to the flashpoint Iimtation, EPA has
al so provided screening | evels of the agueous concentration of
selected volatile chemcals that can be used to identify expl o-
sion hazards. Screening |levels for the four BTEX conpounds,
whi ch are based on 10 percent of their |ower explosive limt
(LEL), are given bel ow

Expl osivity Screening

Conpound Level (nmg/L)
Benzene 20
Et hyl benzene 16
Tol uene 17
Total Xyl enes 17

These screening levels are higher than the screening
| evel s conputed based on vapor toxicity. Therefore, they should
be used as a screening tool where explosivity is the only
consi derati on.
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Section 4: WASTEWATER SOURCES, CHARACTERI STI CS, AND PCLLUTI ON
PREVENTI ON

4.1 Section Overview. Included in this section are
descriptions of typical sources of nondonestic wastewater at
mlitary installations and a sunmary of the key wastewater
characteristics for each source, as conpiled froma nunber of
studies. Pollution prevention guidelines are also presented for
several of the sources. The wastewater categories included are
listed bel ow in al phabetical order. Oher sources may al so be
present (see par. 4.21), but adequate data were not available for
sources beyond the foll ow ng:

AFFF Fire Suppression Fuel Storage

Aircraft Corrosion Control Hospital Operations

Aircraft Washing Mai nt enance Area Fl oor Washi ng
Battery Mai ntenance Parts Washi ng

Dental dinic Operations Phot o/ X-ray Processing

Engi ne Washi ng St eam Cener ati on

Fire Fighting Training Vehi cl e Painting

Vehi cl e/ Equi prent Washi ng

4.2 Wast ewat er Characterization Data. Wastewater
characterization data presented in this section were derived from
sanpling at 33 mlitary installations. The data were conpiled
into a single database according to the sources |isted above.

For each source, the nedian and range of neasured paraneters are
presented. Also included are the nunber of sanples anal yzed and
t he nunber of detected values. Non-detect val ues were excl uded
in calculating nmedian values and in the listing of m ni num

val ues. The flow values presented are daily vol unes; actua

di scharge rates woul d be higher, depending on the duration of the
wast ewat er generating activity.

The purpose of the characterization data presented in
this section is to assist mlitary installations in determning
the types of pollutants that nmay be present in various sources of
nondonesti c wastewater and their approxi mate concentrations when
present. Contam nants other than those shown may al so be
present, and concentrations will be dependent on site-specific
activities. Therefore, actual wastewater characteristics should
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be verified through sanpling and anal ysis prior to designing any
treatment facility.

4.3 Pol | uti on Prevention. Pollution prevention nethods may
be used to reduce or elimnate the volunme and/ or concentration of
a waste stream By its nature, pollution prevention usually has
greater potential than wastewater treatnent (or pretreatnent) to
achi eve di scharge reduction of toxic pollutants, and it is often
| ess costly. For this reason, pollution prevention should be the
first choice for waste reduction. The follow ng paragraphs
provi de sonme general ideas for pollution prevention opportunities
and techniques that are generally applicable. Specific pollution
prevention guidelines are included under the subsequent

di scussi on of individual sources.

4.3.1 Pol I ution Prevention Policy. As indicated in Section
2, pollution prevention is a policy specifically mandated by the
U S. Congress in the 1984 Hazardous and Solid WAaste Anendnents
to the RCRA, and the Pollution Prevention Act of 1990. Al
branches of the mlitary have adopted this policy as indicated by
Department of Defense Instruction 4715.4. For exanple, the Ar
Force has issued Air Force Policy Directive 32-70 and Air Force

I nstruction 32-7080 to inplenent the requirenents of Federal

pol lution prevention legislation and to establish specific

pol lution prevention goals for Air Force installations. The Arny
and Navy have established simlar policies. Al pollution
prevention processes nust conformw th applicable mlitary

techni cal orders, and any vari ances nust be approved.

4.3.2 Pol | uti on Prevention Opportunity Assessnents.
Pol I uti on prevention opportunity assessnents have been conducted
at sone mlitary installations. These studies focus on
identifying and eval uating pollution prevention opportunities
based on technical and economc feasibility and waste reduction
potential. A conplete opportunity assessnent focuses on al
waste streans fromall identified processes within the
installation. Quidelines for conducting a pollution prevention
opportunity assessnent are given in the Federal Facility
Pol | uti on Prevention Pl anning GQui de (EPA, Decenber 1994).

4.3.3 Pol | uti on Prevention Methods. The Pollution Prevention
Act of 1990 and Executive Order 12856 define pollution prevention
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as “any practice which reduces the anmount of a hazardous
substance, pollutant, or contam nant entering any waste stream or
otherw se rel eased into the environnment (including fugitive

em ssions) prior to recycling, treatnent, or disposal; and any
practice which reduces the hazards to public health and the

envi ronment associated with the rel ease of such substances,

pol lutants, or contam nants.”

Pol lution prevention refers to the use of material s,
processes, or practices that elimnate or reduce the quantity and
toxicity of wastes at the source of generation. It represents
the first step in a hierarchy of options for managi ng waste.

This environnmental protection hierarchy lists, in descending
order of preference, source reduction, recycling, treatnment, and
di sposal as the recomended options for waste nanagenent. Source
reduction is assigned the highest priority because it elimnates
or reduces wastes at the source of generation. Source reduction
activities include:

a) Substitution of process materials with material s
that reduce waste, are less toxic, or can be recycled nore easily

b) Modi fication of processes to reduce or elimnate
wat er consunption or the use of toxic chem cals

c) | nprovenents in operating practices and
housekeepi ng so smal | er anpbunts of pollutants are produced or
di schar ged

These nethods are further described in the follow ng
par agraphs. I nplenentation of these nmethods reduces wastewater
pollution, as well as air em ssions and solid waste generation.

4.3.3.1 Material Substitution. Frequently, less toxic or non-
toxi ¢ water-based solvents or cleaning agents may be substituted
for toxic products. Likew se, cleaners may sonetines be
conpletely elimnated if hot water is used. Hot water alone is
pref erabl e because the cleaners comonly used at mlitary
installations inpart a high BOD to the wastewater, and they

emul sify oils, rendering OABs ineffective. Before any nateri al
substitution is nmade it nust be approved by environnental and
equi pnent nanagers.
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Care should be taken that material substitution does
not sinply introduce a different environnental issue or health
and safety risk. For exanple, switching fromsolvents to water-
sol ubl e cleaners usually results in new or increased di scharges
to the sewer and associ ated di scharge requirenments because
sol vent cleaners are not discharged to the sewer. Simlarly, the
use of high pressure hot water sprays to elimnate the use of
detergents can pose safety concerns.

4.3.3.2 Process Modifications. Process nodifications include
operational or equi pnent nodifications to reduce waste, including
any of the follow ng:

a) Changes in the waste-generating process, including
t hose suggested by enpl oyees

b) Equi pnrent, | ayout, calibration, or piping changes
c) Use of automation

d) Changes in process operating conditions, such as
flow rates, tenperatures, pressures, or residence tines

For exanple, plastic nmedia blasting for paint stripping
as a replacenent for sol vent-based paint stripping elimnates a
hazar dous waste stream contai ni ng phenol and/or nethyl ene
chloride that can require expensive treatnent. Before any
process changes are nmade, they nust be approved by environnental
and equi pnment nmanagers.

4.3.3.3 Housekeepi ng and Operational |nprovenents. Good
operating procedures, sonetines referred to as Best Managenent
Practices (BWMPs), are procedural and adm nistrative nmeasures that
mlitary installations can use to mnimze waste. BMPs incl ude:

a) Good housekeepi ng practices

b) Per sonnel awareness training and incentives to
reduce waste

c) Mat eri al s purchasing and inventory control methods

to reduce the need to di spose of unused materials because of
expired shelf |ife or product substitutions
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d) Loss prevention to avoid | eaks from equi pnent and
spills

4.3.3.4 Material Recycle, Reuse, and Recovery. After source
reduction, recycling is the next preferable approach because it

i nvol ves the reuse or regeneration of materials and wastes into
usabl e products. Material recycle, reuse, and recovery incl udes:

a) Return of a waste nmaterial either to the
originating process as a substitute for an input material, or to
anot her process as an input materi al

b) Recovery of a valuable material for sale to an
out si de vendor, such as silver recovered from phot oprocessing
wastewater via a silver recovery unit

c) Reuse of wastewater nultiple tines with little or
no associ ated treatnent, such as in recycling parts washers where
the addition of a filter can greatly extend the useful life of
t he washwat er

The installation of a separate treatnment systemfor
recycling and reuse, such as for vehicle and aircraft washwater,
is discussed separately in Section 9. Simlarly, installations
of oil/water separators and treatnment systens for netals are
di scussed separately in Sections 6 and 7, respectively.

4.4 AFFF Fire Suppression

4.4.1 Activity Description. Aqueous filmform ng foam ( AFFF)
is a water mscible, clear, anber-colored liquid used at mlitary
installations nationwi de to conbat aircraft fuel-related fires.
AFFF is used by crash rescue vehicles in responding to runway and
termnal accidents and in foamwater sprinkler systens in fuel
storage areas and in buildings such as aircraft hangars. The

mat eri al may be di scharged during actual firefighting, training,
or testing of AFFF systens. D scharge of wastewater containing
AFFF to surface waters is not permtted except in energency

condi tions, when spill prevention, control, and counter neasures
(SPCC) nust be inpl enent ed.
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4.4 .2 Wast ewat er Characteri stics. AFFF wast ewat er
characteristics are summarized in Table 9. The princi pal

wast ewat er contam nant is AFFF, which is a water-based sol ution
cont ai ning 15 percent by weight of 2-(2-butoxyethoxy)-ethanol and
smal | er amounts of urea, fluoroal kyl surfactants, synthetic
detergent, and nethyl -1 H benzotriazole. The product is typically
diluted and used as a 3 percent solution for fire-fighting, which
has chem cal oxygen demand (COD)and bi ochem cal oxygen demand
(BOD) values of 12,000 ng/L and 1,400 ng/L, respectively. In
addition to the high organic | oadi ng, AFFF causes foam ng at
wastewater treatnment facilities.

Table 9
Characteristics of AFFF Fire Suppressi on WAst ewat er
Nunber
Nunber of
Par anet er Units Median M n Max Anal yzed Detects

BCD ng/ L 1900 15 11000 3 3
CCD ng/ L 3800 76 860000 3 3
Cyani de, Tot al mg/L 0.005 0.005 0.005 2 1
Ol & Gease nmg/ L 55.2 55.2 55.2 1 1
TPH ng/L 0.031 0.01 0.0512 2 2
TSS ng/ L 49 6.5 92 2 2
Cadmi um ng/L 0.0091 0.0091 0.0091 2 1
Chrom um nmg/ L 0.011 0.011 0.011 2 1
Copper mg/L 0.031 0.031 0.031 2 1
Lead ng/L 0.0094 0.0094 0.0094 2 1
Zi nc ng/L 0.098 0.098 0.098 2 1
Bi s(2- et hyl hexyl) ug/ L 465 10 920 3 2
pht hal at e
Phenol s png/ L 99 18 180 2
Benzene Mg/ L 42.5 42.5 42.5 3
Tol uene png/ L 28.7 28.7 28.7 3
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4.4.3 Pol lution Prevention. Limted pollution prevention
options exist for fire suppression systens using AFFF. AFFF
wast ewat er generated during training operations, systemtesting,
or false alarnms should be contained for disposal or reuse rather
than rel eased to the wastewater system Also, detergent or dyes
(col ored water) have been substituted for AFFF in training
operations; however, the fire chief nust approve such
substitutions.

4.5 Aircraft Corrosion Control

4.5.1 Activity Description. Aircraft corrosion contro
enconpasses all surface preparation and coating application
processes. These processes may include paint renoval, sanding,
hydr obl asting, plastic nedia blasting, chromate conversion
coating, primng, solvent cleaning, painting, and washi ng of
various aircraft parts. Wstewater is generated from surface
washi ng and preparation, blowdown of paint booth air scrubbing
wat er, and cl eaning of floors and painting equi pnent.

The chronmate conversion process is enployed at sone
mlitary installations to pretreat nmetal before painting. The netal
object is dipped into alkaline, acid, and rinse tanks in a six-step
process. At sone installations, the entire aircraft fusel age may be
treated. Cleaning the dip tanks and di sposing of the rinse tank
l[iquids results in wastewater contam nated with chrom um

4.5.2 Wast ewat er Characteristics. Aircraft Corrosion Contro
wast ewat er characteristics are sunmari zed in Table 10. Contam nants
may i nclude paint residue, paint overspray, sanding residue,

sol vents, MEK, heavy netals, chromates, aircraft cleaning conpounds,
fuel, hydraulic fluids, oils, antifreeze, and detergents.

4.6 Aircraft Deicing

4.6.1 Activity Description. Deicing fluids are sprayed on
aircraft at many mlitary installations during icing conditions.
The concentrated deicing fluid mxes with nelted snow and ice on
the aircraft wings and on the ground. The resultant runoff is
subj ect to stormnater regulations and NPDES permitting

requi renents. Prior approval should be obtained before

di scharging deicing runoff to a POTWor FOTW Further
informati on on deicing policies and procedures may be found in
Air Force TO 42C-1-2, 1997
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Tabl e 10
Characteristics of Aircraft Corrosion Control Wastewater
Nunber
Nunber o
Par anet er Units Median Mn Max Anal yzed Detects
Fl ow gpd 125 0 10929 10 8
BCD ng/ L 140 15 520 7 6
COoD ng/ L 420 62 35000 12 11
Cyani de, Tot al mg/ L 0.0095 0.007 0.012 7 2
Ol & Gease nmg/ L 39 2.1 1500 15 10
pH SuU 7.5 7.0 13.0 8 7
TPH ng/ L 6.4 0.6 288 12 9
TSS ng/ L 92 8 270 9 9
Ar seni c mg/L 0.021 0.01 0.1 14 4
Cadm um mg/L 0.114 0.005 1.1 16 7
Chrom um mg/L 0.185 0.025 2.92 17 12
Copper mg/L 0.106 0.033 5.7 16 8
Lead nmg/L 0.046 0.021 2.7 14 8
Mer cury ng/L 0.0027 0.0004 0.005 15 2
Mol ybdenum nmg/ L 0.02 0.009 0.15 10 3
Ni ckel ng/L 0.041 0.027 0.078 16 5
Silver ng/ L - - - - -
Zi nc nmg/L 0.189 0.025 8.9 16 12
Bi s(2- et hyl hexyl) Mg/ L 46 46 46 3 1
pht hal at e
Phenol s png/ L 100 100 100 1 1
Acet one png/ L - - - - -
Benzene Mg/ L - - - - -
Et hyl benzene Mg/ L 0.7 0.7 0.7 12 1
Met hyl ene Chloride pg/L 523 2.4 1044 12 2
Tol uene png/ L 6.5 1.2 130 13 4
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4.6.2 Wast ewat er Characteristics. Representative data on
dei ci ng wastewater were not available. Deicing fluids for
aircraft are conprised of propylene glycol or ethylene glycol.

For runway deicing, sodium acetate, potassium acetate, and sodi um
formate are replacing urea. The resultant runoff may be high in
organic strength and, in the case of runway deicing wth urea,
ammoni a. The BODs of ethyl ene glycol and propyl ene glycol is
approxi mately 450,000 ng/L and 700,000 ng/L, respectively. The
quantity of glycol used varies from about 50 to 500 gall ons,
depending on the size of the aircraft and weather conditions.

4.6.3 Pol | uti on Prevention. As indicated above, glycol-
contam nated aircraft deicing wastewater contains high
concentrations of BOD, and discharge of this wastewater to
surface waters is not allowed w thout an NPDES permt. Likew se,
di scharge of deicing runoff to WMPs may not be perm ssible or

if allowed, the costs of treatnment may be prohibitive. Mlitary
installations should first evaluate pollution prevention options,
such as recovery of spent glycol and/or reduction or elimnation
of the use of glycol -based chem cal s.

4.6.3.1 d ycol Recovery. dycol recovery through distillation
has been cost-effectively inplenented at sone | arge comerci al
airports, but has not yet seen wi despread use. 1In the United
States, the recovered glycol is generally sold rather than reused
for deicing because of certification requirenents. The econom cs
of glycol recovery depend on such factors as weather conditions,
aircraft activity during storm periods, capture rate of

contam nated runoff, and concentration of the captured
wastewater. Existing areas can be retrofitted wth a drai nage
systemto |imt the anmount of stormrunoff that can mx with the
deicing fluid, with vacuumtrucks used to collect the spent
deicing fluid.

4.6.3.2 d ycol Use Reduction. High-velocity, forced air sprays
may be used to reduce the volune of glycol needed for deicing.
The forced hot air is applied first to renove |oose ice and snow,
prior to application of a mxture of glycol and heated water to
reduce the volume of glycol used for deicing. Conputer-
controlled gantry systens wth high-efficiency nozzles are al so
avai |l abl e, which spray a conbination of hot air, hot water, and
deicing fluid at precisely controlled application rates to
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m nimze glycol use. It should be noted that Technical Order
42C-1-2 prohibits the use of hot water al one for deicing.

4.7 Aircraft Washing

4.7.1 Activity Description. This source includes washing of

all types of aircraft, 1ncluding helicopters. Wshing of support
equi pnrent is included under vehicl e/ equi pnment washi ng, although
in some cases |large ground support equi pnent may be washed using
aircraft washing facilities. Washing enconpasses the entire
exterior of the aircraft, exterior surfaces of the engine and
tur bi ne bl ades, and the | anding gear wheel well. It nmay al so
include floor areas inside the aircraft.

4.7.2 Wast ewat er Characteristics. Aircraft washing

wast ewat er characteristics are summari zed in Table 11

Contam nants in the waste stream nmay incl ude cl eani ng agents,
oils and grease, gasoline, jet fuel, hydraulic fluid, paint

fl akes, and netals. Ceaning agents should only be used when
requi red and approved. Such agents may have a very high BOD
content (see par. 4.10) and nmay cause pH and corrosi on probl ens.
Because t he database covered predom nately fixed-wing aircraft,
the characteristics shown in Table 11 nmay not be representative
of rotary-wing aircraft, which typically contain nore solids and
oil and grease.

Fl ow vol unes for aircraft washi ng depend on the nunber
and size of pressure washers used, the size of the aircraft, and
t he washi ng procedures. Volunes are estimated to range from
approximately 7,500 gallons for a single large aircraft such as a
C-5 or C 141, to less than 500 gallons for a snmall aircraft. The
conpl ete washing cycle for a single nediumto large aircraft
takes from6 to 10 hours.

4.7.3 Pol | ution Prevention. Aircraft washing represents the
| argest volunetric source of nondonestic wastewater generation at
mlitary installations. Pollution prevention nmethods are
primarily ainmed at reducing the anmount of water used and the

vol ume of wastewater generated. Methods should also be applied
to reduce the extent of oil enulsification so that downstream
oil/water separation, if applied, is nore effective. Treatnent
and reuse of wastewater is also an option and is di scussed
separately in Section 8.
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Table 11
Characteristics of Aircraft Washi ng Wast ewat er
Nunber
Nunber o
Par anet er Units Medi an M n Max Anal yzed Detects

Fl ow gpd 286 0.2 7500 34 26
BCD ng/ L 156 12 2200 40 38
COoD ng/ L 560 32 20700 45 45
Cyani de, Tot al ng/ L 0. 02 0. 007 2 26 10
Ol & Gease nmg/ L 32 0.1 76800 61 55
pH SuU 7.5 5.3 8.2 33 26
TPH ng/ L 16.1 0. 003 548000 37 33
TSS nmg/ L 47 0.3 1150 52 47
Ar seni c nmg/ L 0.006 0.004 1.8 45 9
Cadmi um ng/L 0.086 0.005 5.4 75 54
Chrom um ng/ L 0. 04 0. 007 4.6 75 40
Copper nmg/ L 0.15 0. 008 11 51 39
Lead ng/L 0.040 0.005 3.5 76 54
Mer cury ng/L 0.0006 0.0001 O0.017 50 9
Mol ybdenum nmg/L 0.027 0.008 0.119 21 4
Ni ckel ng/L 0.038 0.005 1.5 50 22
Silver ng/ L 0. 04 0.002 0.109 45 11
Zi nc ng/ L 0. 39 0. 04 7.5 69 65
Bi s(2- et hyl hexyl) ug/ L 92 6 350 7 6
pht hal at e
Phenol s png/ L 62 10 230 16 8
Acet one png/ L 440 440 440 6 1
Benzene png/ L 500 500 500 25 1
Et hyl benzene Mg/ L 251 1.9 500 26 2
Tol uene png/ L 7.8 2.6 3600 26 4

46




Downloaded from http://www.everyspec.com

M L- HDBK- 1005/ 17

4.7.3.1 Wat er Conservation. Both aircraft and vehicle washing
are primarily acconplished with pressure washers. Units are
avai l able with various conbi nati ons of discharge pressure and
flowrate. A conbination of pressure and discharge rate should
be sel ected to acconplish the necessary cleaning with m nimm
wat er consunpti on.

4.7.3.2 Process Modifications. Wen pressure washers are used
in conjunction wth cleaning agents, enulsification of oil wll
occur, rendering downstream oil/water separation ineffective.
Where high oil concentrations are encountered in washwater and
the washwater is to be discharged to an oil/water separator
(ON5), the preferred process nodification is the use of hot-water
pressure washers w thout cleaning agents to mnimze oi

enul sification. Appropriate safety precautions nust be used when
enpl oyi ng hot-wat er pressure washers. Wen perm ssible, so-
called “short-lived” detergents (erroneously referred to as non-
enul si fying detergents) should al so be used when oil renoval is
requi red because they produce an unstabl e enul sion that

di ssipates and allows gravity oil separation.

4.7.3.3 Di version of Stormwater from Washracks. [|f a washrack
is located outdoors and discharges to a wastewater system
facilities should be in place to restrict stormmater from
entering the wastewater system Facilities should include
curbing around the periphery of the washrack area to prevent the
entry of extraneous storm runoff.

Sone facilities have a valve, slide gate, or other

control device |ocated upstream of the wastewater system connection
t hat can be opened before washing operations and cl osed afterward.
Where fl ow diversion control devices are used, a standard operating
procedure nust be in place to ensure that the devices are properly
operated. In wetter climates, providing a cover over washracks may
be preferred over installation of diverter valves to limt entry of
stormnvater to the wastewater system

4.8 Battery Mai ntenance

4.8.1 Activity Description. This source covers mai ntenance
conducted on |l ead/acid batteries in vehicle nmaintenance
facilities or separate battery shops. Wastewater is generated
fromcleaning battery cells. Activities generating wastewater
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i nclude neutralizing waste acid and then discharging the
neutralized solution to a sink or floor drain.

4.8.2 Wast ewat er Characteristics. Battery maintenance
wast ewat er characteristics are summari zed in Table 12. Typi cal
contam nants include heavy netals, sulfuric acid, sodium

bi carbonate, and detergents. Floor washing in battery

mai nt enance areas is also included in this category because of
its unique characteristics.

Tabl e 12
Characteristics of Battery Maintenance Wast ewat er
Nunber
Nunber o
Par anet er Units Median M n Max Anal yzed Detects

Fl ow God 11 0.5 186 5 5
BOD ng/ L 190 190 190 1 1
COoD ng/ L 600 600 600 1 1
Ol & Gease nmg/ L 11 11 11 1 1
pH SuU 8.6 7.7 9.6 2 2
TSS nmg/ L 140 140 140 1 1
Ar seni c mg/ L 0.002 0.002 0.002 5 1
Cadm um nmg/ L 0.043 0.01 0.12 5 5
Chrom um mg/L  0.028 0.01 0. 06 5 4
Copper ng/ L 0. 16 0. 032 0.9 5 5
Lead ng/ L 0.12 0. 008 16. 6 5 4
Mer cury ng/ L 0.00024 0.00022 0. 0005 5 3
Mol ybdenum nmg/ L 0.01 0.01 0.01 2 1
Ni ckel ng/L 0.048 0.048 0.23 5 3
Zi nc ng/ L 0. 39 0.15 2.17 5 5
Acet one png/ L 36 36 36 1 1
Tol uene png/ L 5 5 5 1 1

Sone battery shops and el ectronics repair areas al so
have a separate area for |ithiumand nickel/cadm um batteries,
but the wastewater characteristics provided in Table 12 may not

48



Downloaded from http://www.everyspec.com

M L- HDBK- 1005/ 17

have included these areas. Battery nai ntenance wastewater is | ow
in flow but may be highly concentrat ed.

4.9 Dental dinic Operations

4.9.1 Activity Description. WAstewater discharged from
dental clinics results fromwater spray and rinsing of patients’
mout hs. Sanitary wastewater may al so be included. Likew se,

di scharges from X-ray processing wthin the clinic may be

i ncluded in sonme cases; however, sanples specifically identified
as dental clinic X-ray processing in the database were excl uded
fromthis category and placed in the photo/ X-ray processing

cat egory.

4.9.2 Wast ewat er Characteristics. Wastewater characteristics
fromdental clinic operations are sunmarized in Table 13. The
types of contam nants that could be di scharged from dental
clinics, other than from X-ray processing, include the follow ng:

a) Chl orine solution fromdenture disinfection

b) Amal ganfwater m xture (amalgamis a tooth filler
all oy material of about 50 percent nercury and sone portion of
silver, tin, copper, and, in sonme cases, other netals, such as
zinc, palladium or indium

c) Neutralized acid
d) Powder ed stone and residue fromwet sandi ng dentures
e) Sodiumcitrate used to dissolve plaster

Al t hough nercury and silver were not detected in the
dat abase sanples, these netals are typically present. Studies
have shown an average discharge rate of 35-40 ng of nercury per
denti st per day, based on 14 amal gam procedures per day and 23 ng
of mercury generated per amal gam (Kunkel et al., “The Fate of
Mercury in Dental Amal gani, Water Environnment & Technol ogy,
Decenber 1996).

49



Downloaded from http://www.everyspec.com

M L- HDBK- 1005/ 17

Table 13
Characteristics of Dental Cinic Wastewater
Nunber
Nunber o
Par anet er Units Median Mn Max  Anal yzed Detects
Fl ow gpd 48 48 48 5 1
BCD ng/ L 71 55 86 2 2
COoD ng/ L 215 140 290 2 2
Ol & Gease nmg/ L 12 12 12 2 1
pH SuU 6.8 6.8 6.8 1 1
TSS ng/ L 72 43 100 2 2
Copper nmg/ L 0. 03 0. 03 0. 03 4 1
Zi nc ng/ L 0. 07 0.04 0.08 4 4
Bi s(2-et hyl hexyl) Mg/ L 22 12 31 2 2
pht hal at e
Phenol s png/ L 29 29 29 1 1
Acet one png/ L 79 79 79 1 1
Met hyl ene Chloride pg/L 7.7 0.4 15 5 2
Tol uene png/ L 17.5 8 27 5 2
TSS total suspended solids

4.9.3 Pol I uti on Prevention. Amalgamand X-ray fixer solution

are the waste products of nost concern fromdental clinics.
Pol | uti on prevention nmethods associated with amal gam are

di scussed bel ow, while those associated with X-ray processing are
di scussed separately in par. 4.17.3.

Amal gam may be classified as hazardous because of its
mercury and silver content. Spent amal gam including that from
traps or filters, should be stored in a closed container to
mnimze the rel ease of nmercury vapor, and di sposed of via a
recycling conpany. Many such conpani es also sell, |ease,
install, and maintain equi pnent for efficient amal gam capture,
including the fine particles that nmay pass through anal gam traps
and filters and get discharged to the sewer. Precapsul ated
amal gam shoul d be used to elimnate the possibility of a bulk
mercury spill. OQherw se, bulk nmercury should be stored in
unbr eakabl e contai ners on stable surfaces.
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Kits should be available to clean up a nercury spill.
El emental nmercury shoul d not be poured down a drain or discarded
but rather should be recycl ed.

4.10 Engi ne WAashi ng

4.10.1 Activity Description. This category includes washing
jet, turboprop, or helicopter engines, internal conbustion

engi nes, and engi ne conponents on a washrack. GCenerally, engine
washi ng takes place in an engine mai ntenance facility where

engi nes may be renoved, disassenbled, and reinstalled; however,
washracks may al so be | ocated outdoors. A carbon-renoving
conmpound i s sonetinmes used in the washing process.

4.10. 2 Wast ewat er Characteristics. Wastewater characteristics
are summari zed in Table 14. Typical wastewater contam nants

i nclude fuel, oils, lubricants, detergents, and heavy netals.

For exanpl e, nickel and cadm um are prevalent in the washing of
C-130 aircraft engi nes because the conpressor vanes/ bl ades
assenbly is electroplated with nickel/cadm um for corrosion
control. Al cohol and high concentrations of oil and grease may
al so be present where helicopter engines are washed. The

dat abase shown did not include washing of helicopter or internal
conmbusti on engi nes.

Typically, steam cleaners di scharge approximately 2 gpm
over a washing period of 10 mnutes, for a total washwater of 20
gal l ons per engine. A report describing the washing of Allison
T56 turboprop engi nes estinated an average of 40 gall ons of
washwat er per engi ne.

Tabl e 14
Characteristics of Engi ne Washi ng Wast ewat er
Nunber
Nunber o
Par anet er Units Median Mn Max  Analyzed Detects
CCD ng/ L 82 1 33600 19 11
Ol & Gease nmg/ L 195 0.2 14600 20 12
TPH ng/ L 1.46 0.002 3.1 19 4
TSS ng/ L 454 10 2910 20 13
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Tabl e 14 (Conti nued)

Nunber
Nunber o

Par amet er Units Median Mn Max  Analyzed Detects
Arseni c ng/ L 0. 16 0.12 0.2 7 2
Cadm um ng/ L 0.03 0.003 2.8 26 26
Chrom um nmg/ L 0.6 0.4 1.23 7 7
Lead nmg/ L 0.3 0. 06 1.8 7 4
Mer cury mg/L 0.001 0.001 0.01 4 4
Ni ckel nmg/ L 1.71 0. 006 14. 8 19 16
Silver ng/ L 0. 06 0.01 0.6 7 7

TPH total petrol eum hydrocarbons

4.11 Fire Fighting Training

4.11.1 Activity Description. Fire fighting training involves
extinguishing fires set using fuels under controlled conditions.
The vol une of wastewater generated and the contam nants present
vary dependi ng on the exercise being conducted. Fire fighting
training is performed at an outside pit by igniting a fuel supply
at various points on a nock aircraft or other structure and then
extinguishing the fire. Another facility used a lined pit filled
with water and jet fuel. The fuel was ignited on the water and
extingui shed wth AFFF solution. Drainage fromthe training
areas is often recycled but may be discharged to a properly

desi gned OA5 and then to the sewer system

New Air Force fire-fighting training facilities use
liquid propane fuel with water as the extingui shing agent,
resulting in a process that is less polluting. These new
facilities discharge to a retention pond.

4.11.2 Wast ewat er Characteristics. Wstewater characteristics
for fire fighting training are summari zed in Table 15. Typica
contam nants discharged in fire fighting training wast ewater

i ncl ude fuel by-products, oils, and AFFF. Products of fuel
conbustion are al so present, including al dehydes, |ight aromatic
hydr ocar bons (benzene, toluene, and xyl ene), polynuclear aronatic
hydr ocar bons, and car bon.
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An in-depth characterization study perforned at
Charl eston AFB found that the concentrations of nonnetallic
contam nants decreased significantly wwthin 1 day follow ng the
conclusion of burning as a result of volatilization and
bi ochem cal degradati on.

Tabl e 15
Characteristics of Fire Fighting Training Wast ewat er
Nunber
Nunmber o
Par anet er Units Median Mn Max Anal yzed Detects

FI ow Gpd 114 114 114 1 1
BCD ng/ L 9.5 9.5 9.5 1 1
COoD ng/ L 49 36 1800 3 3
Ol & Gease nmg/ L 890 890 890 1 1
pH SuU 7 6.5 7.5 2 2
TPH ng/ L 1.7 1.4 2 2 2
TSS ng/ L 24 22 35 3 3
Cadm um ng/ L 0.060 0.008 0.12 2 2
Chrom um nmg/ L 0. 04 0. 04 0. 04 2 1
Copper nmg/ L 0. 04 0. 04 0. 04 2 1
Lead ng/ L 0.02 0.01 0.02 2 2
Mol ybdenum nmg/ L 0. 03 0. 03 0. 03 2 1
Ni ckel ng/ L 0. 05 0. 05 0. 05 2 1
Silver ng/ L 0.005 0.005 0.005 2 1
Zi nc ng/ L 0. 08 0. 08 0. 08 2 1
Benzene Mg/ L 28.5 22 35 3 2
Tol uene png/ L 4.2 3.1 5.2 3 2
4.12 Fuel Storage

4.12.1 Activity Description. Wastewater included in this
category is generated at fueling areas and fuel storage tank
contai nnent areas. Wastewater is generated when | arge fuel
storage tanks collect condensate or water from other sources that
must be separated fromthe fuel. Water is decanted fromthe
tanks, often on a daily basis, and separated fromthe fuel. The
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fuel is returned to the tank, and the water is typically
di scharged to an OAS prior to discharge to the sewer system

Wast ewater may al so be generated fromthe contai nnment
structures surroundi ng fuel transfer and aboveground storage
tanks (ASTs). Stormwater and fuel spilled in the contai nment
area are typically discharged through an OA5 to the sewer system
Simlarly, when fuel tankers are purged, tanks are flushed with
water, which is then discharged, creating fuel-contam nated
wast ewat er .

4.12.2 Wast ewat er Characteristics. Fuel storage wastewater
characteristics are summarized in Table 16. Contam nants present
in the wastewater typically include oil, fuel, and fuel icing-
preventi on conpounds.
Table 16
Characteristics of Fuel Storage WAstewater
Nunber
Nunber o
Par anet er Units Median Mn Max  Anal yzed Detects
Fl ow gpd 40 0.7 100 8 5
BOD ng/ L 540 200 630 9 3
COoD ng/ L 457 31 5100 11 7
Ol & Gease mg/L 22.8 1.3 336 13 12
pH SuU 6. 4 6.0 8.0 6 5
TPH ng/ L 8 2 160 12 10
TSS ng/ L 29 3 1500 7 7
Cadmi um ng/L 0.006 0.001 0.535 12 7
Chrom um ng/L 0.18 0.02 0. 34 12 2
Copper mg/L 0.11 0.02 0. 55 12 4
Lead mg/L 0.039 0.007 1.41 11 4
Mer cury ng/L 0.0006 0.0002 O0.001 12 2
Ni ckel ng/L 0.060 0.060 0.060 12 1
Zi nc nmg/ L 0.17 0.05 6. 09 12 11
Et hyl benzene Mg/ L 7 7 7 14 1
Tol uene png/ L 2 2 2 14 1
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4.13 Hospital Operations

4.13.1 Activity Description. This source includes the total
wast ewat er di scharge from hospitals, which may include water from
| aboratories, X-ray processing, l|laundries, bathroons, and other

m scel | aneous sour ces.

4.13.2 Wast ewat er Characteristics. Hospital wastewater
characteristics are summari zed in Table 17. Hospital wastewater
IS expected to contain nornmal sanitary wastewater contam nants
pl us cl eaning agents, germ cides, acids, and chem cals associ at ed
with | aboratory and health care services. Silver may be present
in the conmbi ned hospital wastewater as a result of X-ray
processing, but this wastewater is characterized separately (see
par. 4.17).

Tabl e 17
Characteristics of Hospital Wastewater
Nunber
Nunber o
Par amet er Units Median Mn Max Anal yzed Detects

Fl ow gpd 7500 5 217641 41 7
BCD ng/ L 153 16 1400 31 31
CCD ng/ L 290 44 7500 45 45
Cyani de, Tot al mg/L 0.013 0.007 0.21 34 7
Ol & Gease nmg/ L 14 0.17 2000 31 30
PH SuU 7.5 5.9 8.5 20 20
TPH ng/ L 4 0. 004 688 30 20
TSS ng/ L 52 7 1600 32 32
Arseni c ng/L 0.0065 0.006 0.007 40 2
Cadmi um nmg/L 0.002 0.002 0.002 41 1
Chrom um mg/L 0.032 0.012 8 41 3
Copper nmg/L 0.052 0.022 0.38 41 36
Lead ng/L 0.0048 0.002 0.03 38 8
Mer cury nmg/ L 0.0014 0.0003 0.019 41 20
Mol ybdenum nmg/ L 0. 33 0. 05 30.8 20 7
Ni ckel ng/L 0.072 0. 05 9 41 6
Silver mg/ L 0.039 0.01 7 40 22
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Tabl e 17 (Conti nued)

Nunber
Nunber o
Par amet er Units Median Mn Max Anal yzed Detects
Zi nc ng/ L 0.11 0.03 0. 56 41 36
Bi s(2-ethyl hexyl) pg/L 53 2.1 1100 17 8
pht hal at e
Phenol s png/ L 54 10 920 31 30
Met hyl ene Mg/ L 1.6 1.1 2.0 36 2
Chl ori de
Tol uene Mg/ L 2.3 1.0 490 36 8
4.13.3 Pol | uti on Prevention. Hospitals nmay discharge | ow

| evel s of heavy netals and toxic organics, primarily through the
use of | aboratory reagents, disinfectants, and preservatives.
Cenerally, the quantities discharged are snmall and can be
mnimzed with BVMP, including spill prevention and inventory
control. The principal waste product of concern at mlitary
hospitals is likely to be spent fixer solution from X-ray
processing, which is discussed separately in par. 4.17.

4.14 Mai nt enance Area Fl oor WAshi ng

4.14.1 Activity Description. 1In general, floor washing in

mai nt enance areas Is acconplished using a nop and 5-gal |l on bucket
cont ai ning water and cl eaning agent or a floor-cleaning machine
(such as the Zanmboni or Tennant machines). The fl oor-washing
machi nes have a reservoir to contain the water/cleani ng agent
solution, which typically ranges from 10 to 150 gallons. The
machi nes al so vacuum excess wash water, which is then di scharged
via sinks or floor drains. Were floor drains are present, a
hose may be used to wash the floor and then followed by using a
squeegee to push excess water into the drains. Floor washing
frequency may vary fromdaily to nonthly, depending on activities
in the building.

Fl oor washing is conducted at a variety of mlitary
mai nt enance facilities, including the follow ng:
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a) Aircraft M ntenance Facilities—outine
mai nt enance, repair, inspections, and nodifications of aircraft
and aircraft engines.

b) Engi ne Testing Facilities—testing and tuni ng of
jet engines in test cells, |ocated indoors or outdoors.

c) Fuel System Mai ntenance Facilities—draining and
repair of aircraft fuel systens and mai ntenance of fuel trucks,
performed separately fromother aircraft and vehicl e mai nt enance
facilities because of the fire potential.

d) Power Production Shops—nai nt enance on el ectri cal
equi pnent, including portable energency generators and
t ransf or ners.

e) Vehi cl e Mai nt enance Faciliti es—fai nt enance on
not or pool and private vehicles, ground support equi pnent,
tractors, and special purpose vehicles, including engine work,
transm ssi on work, brake work, body work, oil changes, antifreeze
changes, and air conditioning servicing.

f) Weapons Mai nt enance Faciliti es—ai nt enance and
cl eaning of guns, bonb rel ease devices, and ot her weapons
systens; in sone cases, these activities may generate wastewater
ot her than floor washwater that may contain | ead and ot her
net al s.

4.14.2 Wast ewat er Characteristics. Biodegradabl e detergent

cl eaners are generally used in floor-washing operations.

Sol vents should not be used for floor washing. Contam nants in
vehi cl e mai nt enance fl oor washi ng wastewaters typically include
residual oil, fuel, hydraulic fluid, antifreeze, |ubricants,
degreasers, cleaning agent, and other maintenance-related fl uids.
These liquid cleaners are known to have high BOD and COD val ues.
Measurenments of BOD on liquid cleaners in one study at Dover AFB
found the foll ow ng:

Liquid BODs (ng/ L)
Al kal i ne d eaner 42, 000
Antifreeze 29, 000
Automatic Transm ssion Fluid 30, 000
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Wast ewat er characteristics for floor washing wastewat er
are summari zed in Table 18. The character and vol unme woul d be
expected to depend on the nethod of floor washing, the floor
area, and the type of activities being conducted in the building.
However, data indicate that floor washwater sanple results are
quite simlar for each of the types of facilities nentioned
previously. Wastewater volunes are a function of the floor area
and nmethod of floor washing. Volunes are greatest where hoses
are used for washing and rinsing. Garden hoses typically
di scharge approximately 5 to 8 gpm

Tabl e 18
Characteristics of M ntenance Area Fl oor Washi ng WAst ewat er
Nunber
Nunber o
Par anet er Units Medi an M n Max  Anal yzed Det ects
Fl ow gpd 14 0.5 3870 180 126
BOD ng/ L 181 4 5300 100 74
COoD ng/ L 330 12 29300 132 124
Cyani de, Tot al ng/ L 0.012 0.005 0.14 56 13
Ol & Gease nmg/ L 50 0. 07 640000 214 199
pH SU 7.1 5 10. 6 74 73
TPH ng/ L 30 0. 002 446000 187 159
TSS nmg/ L 74 1 22670 164 159
Arseni c ng/ L 0.007 0.002 0.109 186 53
Cadmi um ng/ L 0.039 0.001 21.2 204 140
Chrom um nmg/ L 0.048 0.004 29.4 205 110
Copper ng/ L 0.17 0.01 51 204 148
Lead ng/ L 0.12 0.003 35.3 187 143
Mer cury ng/L 0.0007 0.0001 0.039 201 59
Mol ybdenum ng/ L 0. 07 0.01 8.2 125 45
Ni ckel ng/ L 0.076 0.004 16 202 100
Silver ng/ L 0.017 0.001 0.252 178 22
Zi nc ng/ L 0. 67 0.02 34.2 202 173
Bi s(2- et hyl hexyl) Mg/ L 19 2.4 170 26 17
pht hal at e
Phenol s png/ L 35 0. 09 600 53 27
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Tabl e 18 (Conti nued)

Nunber
Nunber o

Par anet er Units Medi an M n Max  Anal yzed Det ects
Acet one png/ L 48 24 72 6 2
Benzene png/ L 4 0.5 1000 163 12
Et hyl benzene Mg/ L 31 0.5 13000 164 25
Met hyl ene Chloride pg/L 2 0.6 133 164 11
Tol uene png/ L 15 0.9 4680 164 46
4.14.3 Pol | uti on Prevention. Floor washing in maintenance

facilities lends itself to the application of pollution
prevention techni ques, as opposed to pretreatnent, because of the
relatively small volunme of wastewater generated. Various
pol l uti on prevention techni ques are applicable, as described

bel ow.

4.14.3.1 dCdeaning Practices. Witer consunption and wast ewat er
generation wll be mnimzed with the use of nechanical floor
washers. Facilities that use nechani cal floor washers generate
only 10 to 15 percent as nuch wastewater as those enploying fire
or garden hoses.

Dry cl eanup practices should be used prior to washing
to mnimze pollutant concentrations in the washwater di scharge.
These practices include the use of rags or absorbent materials,
vacuum cl eani ng, and sweeping. A wet/dry type vacuum cl eaner may
be useful to collect and sal vage spilled material, but only an
expl osi on- proof vacuum shoul d be used for gasoline, solvents, or
other volatile fluids. Alternatively, special hydrophobic nops
or squeegees nmay be used. Concrete floors should be seal ed or
coated with an oil-resistant coating to facilitate cl eaning.

4.14.3.2 Spill Control. Floor drains in maintenance areas
shoul d be sealed to prevent spills or contam nated wast ewat er
fromdirectly entering the wastewater system except where needed
for health and safety requirenments. Spills to the floor should
be mnimzed with the use of drip pans. These should be pl aced
under vehicl es when detachi ng hoses, unscrewing filters, or
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removing parts that may cause a |leak. Used fluids should be kept
separate and pronptly transferred to storage for recycling. Drip
pans and ot her open containers should be properly used and

mai nt ai ned.

4.14.3.3 Spill Prevention. A witten spill prevention and
response procedure should be posted in areas where spills may
occur. Staff should be trained on howto respond to a spill.

4.15 Non- Destructive | nspection Testing

4.15.1 Activity Description. Operations perfornmed at Non-
Destructive Inspection (NDI) facilities include those associ ated
with the use of dye penetrants and other solutions to view stress
fractures in ultraviolet light. The penetrant is typically a
green liquid dye into which the parts are di pped. The parts are
subsequently imersed in renover and devel oper solutions, with
water rinsing taking place after each imersion. Typically, the
rinsate fromthis process is discharged to the sewer system

4,15.2 Wast ewat er Characteristics. NDI wast ewat er
characteristics are sunmari zed in Table 19. The wast ewat er
contains organics that inpart a high COD. Heavy netals are al so
likely to be present.

Tabl e 19
Characteristics of ND Testing Wastewater

Nunber
Nunber o

Par anet er Units Median M n Max Anal yzed Detects
Fl ow gpd 43 0.1 200 9 5
BCD ng/ L 234 143 1900 4 3
CCD ng/ L 465 50 2870 7 6
Cyani de, Tot al mg/L 0.007 0.007 0. 007 7 2
Ol & Gease nmg/ L 14 3.8 886 7 5
pH SuU 6.3 6.2 7 4 3
TPH nmg/ L 15.2 3.2 27.2 4 2
TSS ng/ L 29.5 21 720 5 4
Arseni c ng/L 0.086 0.086 0. 086 9 1
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Tabl e 19 (Conti nued)

Number
Nunber o
Par anet er Units Median M n Max Anal yzed Detects
Cadm um nmg/L 0.049 0.006 0.11 10 4
Chrom um ng/ L 0.18 0.11 0. 25 10 2
Copper nmg/ L 0.12 0. 02 1.68 10 6
Lead nmg/ L 0. 04 0.01 0. 36 5 4
Mer cury nmg/ L 0.00053 0. 00053 0.00053 10 1
Mol ybdenum mg/L 0.042 0.042 0. 042 7 1
Ni ckel ng/ L 0.13 0.13 0.13 9 1
Silver nmg/L 0.035 0.01 9.69 6 4
Zi nc ng/ L 0.16 0. 07 4.54 10 7
Phenol s png/ L 20 20 20 1 1
Met hyl ene png/ L 1.4 1.4 1.4 5 1
Chl ori de
Tol uene png/ L 35 25 45 5 2
4.16 Parts Washi ng

4.16.1 Activity Description. This category includes cleaning
and degreasing netal parts from weapons, vehicles, aircraft,
heavy equi prment, and ground-support equi pnment. Parts may be
washed in vats containing mneral spirits or sone other type of

cl eaner or solvent, followed by rinsing in a parts washer. Hot-
wat er washers are also increasingly used, with a detergent as the
cl eaning agent. Sone |ocations use a plastic nedia blaster that
generates cadm um and chrom um dust, which can enter the waste
stream t hr ough cl eanup operati ons.

4.16.2 Wast ewat er Characteristics. Parts washing wast ewat er
characteristics are sunmari zed in Table 20. Parts washers are

| ocated in virtually all maintenance facilities, but data from
various |l ocations indicate that the wastewater characteristics
are simlar. Contam nants that may be encountered in parts
washi ng wastewater include fuel, oil, hydraulic fluids, petroleum
distillates, heavy netals, organic solvents, and detergent

cl eani ng agents.
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Tabl e 20
Characteristics of Parts Washi ng Wast ewat er
Nunber
Nunber o
Par anet er Units Median Mn Max Anal yzed Detects

Fl ow gpd 50 2 1957 21 15
BCD ng/ L 290 21 1300 11 10
COoD ng/ L 560 70 2700 13 12
Cyani de, Tot al nmg/ L 0.1 0. 03 0.17 4 2
Ol & Gease nmg/ L 47 4.5 2030 23 23
pH SuU 7.8 7 9.0 4 4
TPH ng/ L 17 0. 008 496 22 21
TSS ng/ L 55 0. 04 850 19 18
Ar seni c mg/ L 0.0085 0.007 0.01 16 2
Cadmi um ng/L 0.15 0.001 227 18 15
Chrom um mg/L 0.098 0.01 29. 4 18 11
Copper mg/L 0.18 0. 03 6. 27 18 15
Lead ng/L 0.028 0.003 4. 96 18 16
Mer cury ng/L 0.0019 0.0002 0.0037 18 4
Mol ybdenum mg/L 0.10 0. 03 1.57 11 6
Ni ckel mg/L 0.38 0.14 1 18 5
Silver nmg/L 0.23 0.07 0.5 17 2
Zi nc ng/L 0.30 0.042 13.7 18 17
Bi s(2- et hyl hexyl) ug/ L 33 33 33 2 1
pht hal at e
Phenol s png/ L 308 35 580 3 2
Benzene pg/L 12.1 8.2 16 19 2
Et hyl benzene Mg/ L 3.3 3.3 3.3 19 1
Met hyl ene Chloride pg/L 130 10 1422 20 3
Tol uene png/ L 7.6 2.7 500 19 4
4.16.3 Pol | uti on Prevention. EPA s recomended strategy for

pol lution prevention fromparts washing is set forth in

EPA 625/ 7-91-016 Guides to Pollution Prevention, the Autonotive
Repair Industry. The strategy is based on systenatic

i npl enmentation of the follow ng sequential steps:
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a) Avoi d the need to clean.
b) Sel ect the | east hazardous cl eaner.
c) Maxi m ze cl eaning efficiency.
d) Segregat e cl eani ng wast es.
e) Maxi m ze recycling and reuse.

The extent, type, and nethod of parts washi ng shoul d be
determ ned fromtechnical orders or guidance docunents.

4.16.3.1 deaning Process Assessnent. Before using a solvent or
aqueous cl eaner, a determ nation should be nade about whet her

cl eaning is necessary and how clean a part needs to be. Ri gorous
chem cal cleaning should only be perfornmed when gui dance
docunents require it. Pre-cleaning before solvent use is
recommended to reduce solvent use or prolong the life of solvent
cl eani ng sol utions.

4.16.3.2 Elimnation of Solvents. Many of the solvents in use
for parts washing consist of or contain priority pollutant

organi cs, such as trichl oroethane, dichlorobenzene, nethylene
chloride, and the BTEX conpounds. Because of problens associ ated
with the use and di sposal of organic solvents, these solvents
shoul d only be used when no other substitute is suitable. Wen
used, solvent sinks should be operated properly to reduce sol vent
| osses and waste generation. Proper operating procedures include
removing parts slowy after inmmersion to reduce dri ppage,
installing drip trays or racks to drain cleaned parts, allow ng
sufficient drainage tinme over the sink after w thdrawal, and
nmonitoring the solvent conposition to avoid premature

repl acenent. Contracting with a solvent service conpany has
generally proven less costly than managi ng sol vent purchase, tank
mai nt enance, and sol vent recovery or waste disposal.

Aqueous cl eaning using water and one of a variety of
detergents or al kaline conpounds is a suitable alternative to
sol vent cleaning for many parts washi ng operations. The type of
cl eaner should be carefully sel ected because cleaners vary in
their effectiveness, their conpatibility with the materials being
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cl eaned, and the degree of oil enulsification they produce.
Stable oil emulsions limt reuse of the cleaning solution and

restrict its disposal options. |In sone cases, the spent
washwat er may be suitable for discharge to the wastewater system
after emul sion breakdown and oil renobval. 1In this case, an

anal ysis of the wastewater may be necessary to assure conpliance
with [ocal Iimts.

In evaluating alternative solvents or solvent
elimnation, the inpacts on the parts being cl eaned shoul d be
considered. Factors to consider include the effectiveness of the
cl eaner, the degree of enul sion produced, and the conpatibility
of the cleaner with the part’s materials of construction. Before
any production substitutions or process changes are nade, they
nmust be approved by environnental and equi pnment nanagers.

4.16.3.3 Use of Filters. Sone parts washers are equi pped with
oil skimers and filters to renove contam nants. These washers
allow al nost indefinite use of the washing fluid, but require
periodi c renmoval and proper disposal of oily residue and sl udge
and filter replacenent.

4. 17 Phot o/ X- Ray Processi ng

4.17.1 Activity Description. Photograph and X-ray processing
is carried out at mlitary installations in dental clinics,
hospitals, NDI facilities, and photo-processing | aboratories. At
NDI facilities, X-ray photography is used to view stress
fractures in equipnent and aircraft franes. Silver-based

phot ographic materials consist of solid crystals of silver
chloride or silver brom de suspended in gelatin and coated on a
filmor paper support. The processing of photographic filnms and
papers may vary sonmewhat, but generally consists of the follow ng
three steps:

a) Devel opment of the image, in which netallic silver
is formed in the inmage areas

b) Renoval of sonme or all of the silver, in which
silver is converted to crystals of silver bromde or silver
chloride and then renoved as a soluble silver-thiosulfate conpl ex
ina fix solution
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c) Stabilizing the imge by rinsing residual
thi osul fate and silver-thiosulfate conpl exes out of the emnul sion
| ayers with water, or, in the case of washless processing, with a
stabilizer solution instead of water

4.17.2 Wast ewat er Characteri stics. Phot o/ X-ray processing
wast ewat er characteristics, prior to discharge through a silver
recovery unit (SRU), are summari zed in Table 21. Silver is the
primary contam nant of concern in photo processi ng wastewater.
D scharges may al so contain el evated concentrati ons of ammoni a,
brom de, chrom um cyanide, iron, selenium and zinc. The SRUs
that are often used at photo/ X-ray processing facilities are
effective for silver renoval if properly maintained, but do not
have a significant inpact on other pollutants.

Tabl e 21
Characteristics of Photo/ X-ray Processing Wast ewat er
Nunber
Nunber o
Par anet er Units Medi an M n Max  Anal yzed Detects

FI ow Gpd 22 0.1 2057 123 86
BOD ng/ L 113 44 38000 15 14
CCoD ng/ L 720 10 1530000 51 50
Cyani de, Tot al nmg/ L 0.056 0.005 47500 73 16
Ol & Gease nmg/ L 14.8 1.1 368 22 18
pH SuU 6.6 4.0 7.9 14 14
TPH nmg/ L 4.8 0. 001 240 17 11
TSS ng/ L 57 10 1840 20 19
Arseni c ng/ L 0.020 0.003 0.12 66 34
Cadmi um ng/ L 0.051 0.001 1.5 73 27
Chrom um ng/ L 0.077 0.01 0.54 79 30
Copper nmg/ L 0. 097 0.02 48 78 54
Lead ng/ L 0. 10 0. 007 1. 67 68 20
Mer cury ng/L 0.0012 0.0002 3.7 72 49
Mol ybdenum ng/ L 0.005 0.005 0.005 63 1
Ni ckel ng/ L 0. 38 0.02 8.43 78 30
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Tabl e 21 (Conti nued)

Nunber
Nunber o
Par anet er Units Medi an M n Max  Anal yzed Detects
Silver ng/ L 0. 50 0. 005 740 114 87
Zi nc ng/ L 0.23 0. 04 6. 89 78 64
Bi s(2-ethyl hexyl) pupg/L 24.5 5.9 44 9 6
pht hal at e
Phenol s Mg/ L 63. 5 11 1620 32 24
Met hyl ene Mg/ L 11.5 7.9 15.1 29 2
Chl ori de
Tol uene Mg/ L 2 1.3 31 31 3

Silver-rich solutions include spent-fix, bleach-fix,
and washl ess stabilizer; |owsilver solutions include used
devel opers, bl eaches, stop baths, stabilizers foll ow ng washes,
and washwaters. According to The Code of Managenent Practice for

Silver Dischargers, published by the Silver Coalition and the
Associ ation of Metropolitan Sewer Agencies (Septenber 1995),
silver-rich solutions will contain between 2,000 and 8,000 ng/L
of silver. Lowsilver process solutions are likely to average
| ess than 1 ng/L.

In the code referenced above, photoprocessing
facilities are classified as small, nmedium or |arge, depending
on the quantity of silver-rich and | owsilver solutions
generated. Mist mlitary photo-processing facilities fall within
the small facility category, which is characterized by discharges
of less than 2 gpd of silver-rich solution and | ess than 1,000
gpd of |owsilver solution.

4.17.3 Pol | ution Prevention. Silver recovery represents the
chi ef nmethod of pollution prevention for photoprocessing. Silver
recovery nethods are nost effective on concentrated wastewater,
so, if used, they should be applied to the silver-rich solutions
prior to any mxing or dilution with I owsilver solutions. The
decision to enploy silver recovery and the selection of a nethod
of silver recovery should be determ ned based on econom cs,
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envi ronment al protection, or conpliance with |ocal silver l[imts.
| f less than 20 gallons per nonth of waste fix i s generated,
contracting with an outside recovery conpany is likely to be the
nost cost-effective and environnental ly sound solution. For

| arger discharges, utilization of one of the silver recovery

met hods descri bed bel ow may be warranted. Wen appropriate, use
of the Defense Logistics Agency Precious Metals Recovery Program
I S warrant ed.

Fi xer can be recovered and recycl ed using a dedicated
electrolytic unit so as to de-silver the spent fixer to a silver
concentration of approximtely 500 ng/L. However, the process
must be done on a continuous basis rather than as a batch
operation to maintain consistent conposition of the fixer.

El ectrol ysis al so produces changes in the chem cal conposition of
the fixer that may affect fixer quality. Therefore, fixer
recovery is normally only applied at | arge photoprocessing
facilities and will not generally be applicable at mlitary
installations. However, spent fixer may be hauled offsite by a
private conpany for recovery at a centralized facility.

Bl each fix can be regenerated through a three-step de-
silvering process using netal replacenent cartridges and chem cal
treatnent to restore bleaching ability. Likew se, ion exchange
can be used to recover devel oper. However, both of these nethods
are cost-effective only for |arge volune photol abs. Methods that
can be used by mlitary installations to reduce the anount of
chem cal s used include proper storage, inventory nanagenent,
stock rotation, and use of containers and lids that allow
exclusion of air.

4.17.3.1 Metallic Replacenent. 1In the netallic replacenent
met hod of silver recovery, elenental iron undergoes an oxidation-
reduction reaction with silver thiosulfate to produce ferrous

ions and netallic silver. |In practice, the process takes place
by netering the silver-rich solution through a container of steel
wool , iron particles, or an iron-inpregnated resin. These

containers are variously referred to as netallic repl acenent
cartridges (MRCs), chem cal recovery cartridges (CRCs), or silver
recovery cartridges (SRCs). These cartridges are the nost

econom cal formof silver recovery and are usually considered
cost effective for spent-fix volumes greater than 20

gal | ons/ nont h.
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A properly designed, operated, and maintained MRCis
capabl e of recovering nore than 95 percent of the silver from
silver-rich solutions. Wth two MRCs connected in series, a
removal efficiency of 99 percent is possible. However, as the
recovery cartridge is used, the active surface area is reduced
and channels develop in the iron substrate. As a result, the
recovery efficiency gradually di mnishes, and significant
br eakt hrough of silver may occur. Therefore, proper maintenance
and tinely cartridge replacenent is essential. The use of two-
cartridge systens al so provides nore effective and consi stent
recovery.

4.17.3.2 Electrolysis. 1In electrolysis, or electrolytic silver
recovery, electric current reduces the silver-thiosulfate conplex
in the spent-fix solution resulting in alnost pure silver netal

pl ati ng onto the negatively charged el ectrode (cathode). |In one
type of equipnent, the solution flows around a stationary

cat hode, while in another the cathode rotates in the solution.
Either type is capable of recovering nore than 90 percent of the
silver fromsilver-rich solutions of black and white photographic
processes. Bleach-fix and fix solutions from col or processes
that contain iron-conplex oxidizing agents are nore difficult to
de-silver electrically and may require pH control to achieve
silver-recovery efficiencies approachi ng 90 percent.

Electrolytic units are typically only cost effective for
installati ons where spent fixer volunes are greater than

40 gal | ons/ nont h.

4.17.3.3 Oher Technol ogies. Oher technol ogies for silver
removal include precipitation, ion exchange, and reverse 0snosis.
These technol ogi es are not cost effective for silver recovery and
would normally only be applied to neet stringent silver discharge
[imtations for large facilities treating both silver-rich and

| owsil ver solutions.

4.18 St eam Gener ati on

4.18.1 Activity Description. Boilers are commonly used for
steam generation at mlitary installations and, in sone cases,
may be used for power generation. The wastewater generated from
power/steam generation facilities could include boiler bl owdown
and a variety of other types of wastewater, such as dem nerali zer
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wast ewat er, boiler cleaning wastewaters, ash/handling
(where coal is fired), and firesi de washwat er
fromthese sources should be discharged to a

system and not to a storm sewer.

f boil er bl owdown
it is subject to
No such bl owdown

results fromsteamelectric power
nati onal categorical pretreatnent
was identified in the database.

Characterization. Steam generation process

wast ewat er

characteristics are summarized in Table 22. Typi cal

contam nants include water treatnent chenicals such as de-scal er

caustic soda, oxygen scavenger,
phosphate used to prevent scaling and corrosion.

corrosion inhibitor, and
The wast ewat er

may be characterized by high pH val ues and el evat ed t enper at ures.

Tabl e 22
Characteristics of Steam Generation WAst ewat er
Nunber
Nunber o
Par anet er Units Median M n Max Anal yzed Detects

Fl ow gpd 43 2 357 8 7
CCoD ng/ L 99 10 360 6 5
Ol & Gease nmg/ L 6.7 0.8 15.0 7 6
pH SuU 9.3 6.5 12.0 5 4
TPH nmg/ L 1.64 0.7 1.8 7 5
TSS ng/ L 16 4 4100 5 5
Ar seni c nmg/ L 0.02 0.02 0.02 7 1
Cadm um ng/ L 0.001 0.001 0. 001 8 2
Chrom um nmg/ L 0. 079 0.014 0.14 8 2
Copper ng/ L 0. 25 0.13 1.7 8 8
Lead ng/ L 0.11 0. 03 0. 24 8 6
Mol ybdenum nmg/ L 0. 05 0. 05 0. 05 7 1
Ni ckel ng/ L 0.038 0.031 0.21 8 3
Silver ng/ L 0.01 0.01 0.01 8 1
Zi nc ng/ L 0. 35 0.12 0.61 8 7
Phenol s Mg/ L 48. 5 38 59 3 2
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4.19 Vehi cl e Painting

4.19.1 Activity Description. Vehicle painting is typically
conducted in a paint booth that contains sone type of scrubber to
reduce particul ate and paint overspray air emssions. |If

wat erfall -type scrubbers are used, the scrubber water is normally
recycled and paint solids are concentrated in the scrubber sunp.
The resulting water may be hazardous and shoul d be anal yzed to
determ ne the proper disposal nethod. O her sources of wastewater
i nclude paint stripping (to renove hardened paint from surfaces),
fl oor washdown, and pai nt spray-gun cleaning.

4.19.2 Wast ewat er Characteristics. Vehicle painting wastewater
characteristics are summarized in Table 23. Typical contam nants

i nclude paint solids and solvents. Paint solids may contain
metals, particularly cadm um chrom um (hexaval ent), |ead, and
zinc. The nore common paint solvents are MEK, xylene, 1,1, 1-
trichl oroet hane, toluene, butyl acetate, ethylene glycol, nonoethyl
acetate, and alcohol. In addition, paint-stripping solvents
cont ai n phenols and net hyl ene chloride and may have a | ow pH

Tabl e 23
Characteristics of Vehicle Painting Wast ewat er

Nunber
Nunber o

Par anet er Units Medi an M n Max Anal yzed Det ects
Fl ow gpd 30 2 50 4 4
BOD ng/L 92.5 42 120 4 4
CCD ng/ L 275 81 360 4 4
Ol & Gease nmg/ L 3.5 1.8 20 5 4
TPH nmg/ L 14 14 14 4 1
TSS ng/ L 250 9 2700 5 5
Cadmi um ng/L 0.0044 0.002 0.0068 8 2
Chrom um ng/ L 0.5 0.4 1.22 8 5
Copper mg/ L 0.035 0.02 0.050 6 3
Lead mg/L  0.16 0. 005 2.9 8 3
Ni ckel ng/L 0.03 0.03 0.03 6 1
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Tabl e 23 (Conti nued)

Nunber
Nunber o
Par anet er Units Medi an M n Max Anal yzed Det ects
Silver mg/L 0.018 0.018 0.018 6 1
Zi nc mg/L  0.39 0.053 12.9 6 5
Bi s(2- et hyl hexyl) Mg/ L 21.5 21 22 2 2
pht hal at e
Et hyl benzene Mg/ L 16 16 16 5 2
Tol uene png/ L 96 95 97 5 2
4.19.3 Pol | ution Prevention. Painting operations typically

produce only a small anobunt of wastewater. Pollution prevention
usual |y focuses on inproving painting techniques to reduce
overspray, and mnimzing the use of solvent paint thinners and
cl eanup solvents. The use of plastic nedia blasting (PMB) paint
stripping as an alternative to conventional solvent stripping has
al so been successfully inplenmented at many mlitary

install ations.

4. 20 Vehi cl e and Equi pnment WAshi ng

4.20.1 Activity Description. This category includes the
washi ng of a variety of vehicles and equi pnent such as

aut onobi l es, tactical vehicles, ground support equipnent, and
trucks. At sone installations, engines are al so steamcl eaned.
Washi ng systens for vehicles and equi pnent range from automatic
car washes with recycl ed washwater and rinsewater to handwashi ng
using a pressure wand or hose and bucket. High-pressure systens
usi ng hot water or steamw thout detergent are preferred.

Det ergent may be used when necessary and approved.

4.20.2 Wast ewat er Characteristics. Vehicle and equi prnent
washi ng wast ewat er characteristics are summari zed in Table 24.
Typi cal contam nants include solids, netals, detergents, oil and
grease, fuel, and other lubricants.

The quantity of water used in vehicle/equi pnent washing
varies with the nmethod of washing. Garden hoses normally
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di scharge 5 to 8 gpm and aut onobi |l es hand washed wi th garden
hoses are estimated to require about 15 to 20 m nutes of water

fl ow per autonobile. Pressure wand systens discharge only 2 to
4 gpm and autonobil e washed with these systens take an average
of only 5 to 10 mnutes. Thus, wastewater flow may vary from 10
to 200 gallons per autonobile. For tactical vehicles, the
washi ng process may take 1 to 2 hours, consum ng up to 500
gallons with a pressure system

The data included in Table 24 and descri bed above may
not be applicable to Arny and Marine installations, where greater
quantities of water are enployed in the washing process, and grit
| oads are significantly higher than at other mlitary
installations. Washing facilities at Arny installations range
from manual or automatic spray booths to “bird baths” (Ilarge
vehi cl e-si zed bath tubs). Tracked vehicles can accurmulate up to
1 ton of soil during field activities, and wash hoses may deliver
wat er at 30 gpm or nore.

4.21 O her Sources of Nondonestic Wastewater. The

wast ewat er sources di scussed previously in this section are not
all-inclusive. Sonme additional sources are briefly described in
the foll owm ng paragraphs.

4.21.1 Caf eteri a/ Restaurant Services. Cafeterias, dining
hal | s, and restaurants generate wastewaters at nost mlitary
installations. The primary concern with this type of wastewater
is grease, which may cause bl ockages in collection systens and
interference with treatnent plant operations. G ease traps are
typically provided to reduce grease di scharges to the wastewater
system but they nust be serviced regularly to maintain their

ef fecti veness.

4.21.2 Water Treatnent. \Water treatnent operations nmay

i nclude water softening, dem neralization, and filtration. Hi gh-
quality water is often required for boilers, aircraft engine
testing, or other specialty uses. The waste streans generated
fromthese sources include reverse osnosis reject water, ion
exchange regenerant, and filter backwash. Contam nants include
di ssol ved m nerals and treatnent chem cal s.
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Tabl e 24
Characteristics of Vehiclel/ Equi pmrent Washi ng Wast ewat er
Nunber
Nunber o
Par anet er Units Median Mn Max  Anal yzed Detects

Fl ow gpd 80 0.6 3500 85 73
BCD ng/ L 57 5 14000 35 32
COoD ng/ L 249 25 130000 49 46
Cyani de, Tot al mg/L 0.023 0.016 0.04 19 4
Ol & Gease mg/L 23.5 0.009 136000 96 88
pH SuU 7.67 3.5 9.2 25 23
TPH ng/ L 19 0. 003 290000 86 72
TSS ng/ L 56 0.5 1630 82 81
Ar seni c mg/ L 0.0078 0.005 0.03 70 19
Cadm um nmg/ L 0.015 0.002 5.6 82 57
Chr om um nmg/L 0.02 0.01 5 82 39
Copper mg/L 0.074 0.007 3 84 59
Lead ng/L 0.053 0.004 4.7 83 68
Mer cury mg/ L 0.0005 0.0002 O0.12 82 11
Mol ybdenum mg/L 0.02 0.007 0.19 49 9
Ni ckel mg/L 0.045 0.021 10 84 25
Silver nmg/L 0.059 0.021 0.096 76 2
Zi nc nmg/L 0.37 0.023 10.1 84 80
Bi s(2-et hyl hexyl) Mg/ L 4 1 9 5 5
pht hal at e
Phenol s pug/ L 39.5 12 260 10 8
Benzene png/ L 7.3 1.0 27 72 6
Et hyl benzene png/ L 8.1 1.0 42 72 12
Met hyl ene Chl ori de png/ L 515 6.3 1024 72 2
Tol uene mug/ L 26.5 1.0 3600 72 24
4.21.3 Metal Plating. Metal plating operations generate

wast ewater that may contain relatively high concentrations of

ni ckel

grease, solvents,

chrom um copper
aci ds,

and al kal i es.
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shoul d be kept separate fromacid wastes to avoid cyani de
conversion to toxic hydrogen cyani de gas. Chrone-bearing wastes
shoul d be kept separate from cyani de-contai ning wastes so that
hexaval ent chronme can be acid-reduced prior to al kaline
precipitation with other netal -bearing wastes.

4.21.4 Shi pboard Wastewater. QG ly waste originates in

numer ous | ocations on ships, including bilges, oily waste hol ding
tanks, condensate lines, and ballast tanks. G| and grease
concentrations typically range from200 to 2,000 ng/L, with peak
concentrations as high as 100,000 ng/L. Copper and zinc may be
present in concentrations up to 1 to 2 ng/L. Average oily waste
vol unes range from 50 gpd to 50,000 gpd, depending on the ship
class. Additional information on characterization and handling
of shi pboard wastewater can be found in M L-HDBK-1005/9.

4.21.5 Drydocking Facilities. Ship maintenance activities at
drydocks/ generate wastewater containing grit, other suspended
matter, and heavy netals. Heavy netal concentrations vary w dely
and nust be nonitored on a case-by-case basis to determ ne the
need for renoval prior to discharge to a donestic wastewater
system

4.22 Summary of Pollutants Contributed. Table 25 sunmari zes
the primary wastewater sources and the pollutants expected to be
contributed by each source in el evated concentrations. The
contributed pollutants shown are those whose nedi an
concentrations from Tables 9 through 24 exceeded the average

resi denti al / background concentrations in Table 8 In the case of
oil and grease and TPH, sources w th nedian concentrations
greater than 30 ng/L and 5 ng/L, respectively, are indicated.

The purpose of this table is to assist mlitary
installations in identifying key sources of pollutants that may
be contributing to a discharge violation. Once the sources have
been identified, pollution prevention or pretreatnent can be
eval uated and inplenented as required. As indicated in par. 4.2,
contam nants other than those shown may al so be present, so
actual wastewater characteristics should be verified through
sanpling and anal ysi s.
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Section 5: QU DELI NES FOR SELECTI NG A WASTEWATER
MANAGEMENT SYSTEM

5.1 Section Overview. Several alternative strategies exist
for managi ng wast ewater from out-of-conpliance sources, including
i npl emrenting pollution prevention actions, treating the

wast ewat er, hauling the wastewater offsite, and seeking

regul atory relief. This section presents guidelines for

eval uating these alternative strategies and sel ecting the nost
favorable strategy to neet the desired objectives.

5.2 Wastewater Inventory. Initially, an inventory should
be made of the processes perforned within the facility of
interest. Preparing a facility layout and a flow chart of the
processes perforned is usually hel pful. Each process should be
evaluated regarding its potential to produce wastewater. In
addition, a list should be made of all process chemcals, such as
sol vents and cl eaners, found in the facility. Were agueous
processes are enployed, rinsewater is generally the | argest
source of wastewater and may be contam nated by process chem cal s
whet her or not the chemcals are directly associated with a
rinsing step.

5.3 Wast ewat er Characterization. Wastewater nust be
characterized to determne if it is neeting regulatory
requirenents (e.g., local pretreatnent limts or categorica
pretreatnment standards). |If the wastewater discharge is out of
conpl i ance, wastewater characterization data are needed to
identify appropriate pollution-prevention opportunities, or to
design a process capable of effectively treating the wastewater
if pollution prevention actions are inadequate. The inportant
characteristics include the volune of wastewater generated, the
time pattern of generation, and the chem cal conposition of the
wast ewat er for pollutants of concern.

5.3.1 Wast ewat er Vol une. Wastewater flow rate is a primry
determ nant of disposal costs, whether the wastewater is haul ed
offsite or discharged to the collection system The size of a
wast ewat er treatnment system including tanks, pipes, punps, and
val ves, al so depends on the volune or flow of wastewater treated
during any given period of time. For batch treatnent systens,

t he vol une of the batch and the tinme to collect the batch are

i nportant, whereas flow variations while collecting the batch are
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not of concern. For continuous-flow treatnent systens w thout
fl ow equalization, flow variations nust be established so that
the system can handl e peak, as well as mninum flow rates.

Prelim nary gui dance on wastewater volumes and fl ow
rates can be found in Section 4. However, design of a treatnent
systemrequires site-specific information. Wastewater vol unes
fromexisting sources can usually be satisfactorily neasured by
one of the follow ng nethods:

a) Measurenment of time to fill a known vol une
(bucket, tank, or sunp)

b) Installation of a weir, flune, or other flow
metering device in a sewer or open channel and neasurenent of the
associ ated water depth

c) Installation of a Venturi, electromagnetic, or
sonic flow neter on pipes flow ng ful

d) Measur ement of process water consunption with a
conventional water neter

Measured volunes will be a function of the activity or
production | evel and process procedures existing at the tine of
measurenent. |f the design nust accommopdate future increases in
activity level or inplenentation of water conservation nmeasures,
t hese factors should be accounted for in establishing design
fl ows and vol unes.

5.3.2 Wast ewat er Conposition. WAstewater conposition
determ nes the pollution-prevention nethod or type of treatnent
process that should be used. |If treatnent is necessary, a

know edge of wastewater conposition also is used to design the
process and determ ne the type and anount of waste by-product
(sludge) produced. As with flow, prelimnary guidance on

wast ewat er conposition for mlitary nondonestic wastewater
sources can be found in Section 4, but site-specific information
shoul d al so be obtained through sanpling and anal ysi s.

Pol | utants of concern typically include sone of the
heavy netal s, cyanide, oil and grease, and the BTEX conpounds
(see Section 3). Additional paranmeters that generally warrant

77



Downloaded from http://www.everyspec.com

M L- HDBK- 1005/ 17

measur enent for design purposes include pH, BOD, TSS, and
surfactants. Depending on concerns, other paraneters of interest
may i nclude total dissolved solids and toxic organi c conpounds.

5.3.3 Sanpling. A sufficient nunber of sanples should be
obt ai ned and anal yzed to establish the wastewater conposition

Wi th reasonable certainty. The nunber will depend on the process
variability, but should usually be no | ess than three sanples.
Prior to sanpling, a sanpling strategy should be prepared that
addresses the foll ow ng topics:

a) Sanpling | ocations

b) Sanpl i ng personnel

c) Saf ety precautions

d) Nunmber and type of sanpl es

e) Sanpl e dates

f) Sanpl i ng procedures

g) Sanpl e transport procedures

h) Met hods of anal ysis and detection limts
i) Qual ity assurance/quality control

1) Laboratory to performthe anal yses

For additional background and details concerning
sanpling, analysis, and fl ow neasurenent, see the foll ow ng
ref erences:

a) EPA 831/ B-94-001, Industrial User |nspection and
Sanpling Manual for POTW.

b) Pretreatnment Facility Inspection. Kenneth D
Kerry, 1991.

5.4 Di scharge Limtations. Wastewater discharges nust neet
all applicable discharge imtations. The characteristics of the
wast ewat er nust be conpared to the applicable limtations to
determ ne conpliance. Various applicable limtations are

di scussed in Section 2.
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5.5 Wast ewat er Managenent Alternatives. A nunber of
alternative strategies exist for managi ng wastewater. Wen a
wast ewat er di scharge is out of conpliance, the potentially

f easi bl e managenent alternatives should be identified and
eval uated, and the nost favorable alternative selected for

i npl enent ati on.

5.5.1 Devel opnent of \Wastewater Managenent Alternatives. In
broad terns, the wastewater managenent alternatives for a given
out - of - conpl i ance di scharge include the foll ow ng:

a) | mpl enent addi tional pollution prevention
techniques to elimnate the discharge or render it acceptable for
conti nui ng di scharge.

b) Negoti ate nore favorable conpliance terns with the
regul atory authority.

c) Install a treatnent system and continue
di schar gi ng.

d) Install a treatnent system and recycle the treated
ef fl uent.

e) Contain the wastewater and have it hauled offsite
for treatnment and disposal. Wile the nost appropriate
alternative is sonetines obvious, a careful evaluation of each
strategy is warranted. |In sone cases, nore than one alternative

may be acceptable. Professional engineering services may be
warranted to determ ne the nost cost-effective and appropriate
action.

5.5.2 Eval uati on of WAstewater Managenent Alternatives.
Wthin each of the broad wastewater nanagenent alternatives
identified in par. 5.5.1, various sub-alternatives may be
avai l able. For exanple, different options may exist for

pol lution prevention or treatnent. These sub-alternatives should
be identified and evaluated. Mre than one alternative my work,
but each will have its own particul ar advantages and

di sadvant ages. Even sone pollution prevention alternatives may
have unacceptabl e side effects. The eval uation should be based
on selected key criteria, such as the foll ow ng:
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a) Ef fectiveness in consistently neeting discharge
limtations

b) Flexibility in adapting to changi ng personnel and
wast ewat er characteristics

c) Cost of installation, operation, and mai ntenance
d) Space requirenents
e) | npacts on personnel

f) Di sposal of new residues resulting from process
changes or treatnent

Where treatnent processes are being seriously
consi dered, sufficient information should be obtained about the
treatnment process to conplete the evaluation. |In sone cases,
bench tests shoul d be conducted and possibly pilot-scale units
shoul d even be brought onsite for denonstration purposes.

In selecting the optimal alternative(s), costs should
normal |y be wei ghted nost heavily. In addition to capital
(design, purchase, and installation) cost, annual operation and
mai nt enance costs should be determ ned. These shoul d include
| abor, power, chemcal, training, nonitoring, permtting, and
of fsite sludge disposal costs. Ofsite disposal costs can be
significant, especially if the sludge is classified as a
hazardous waste. 1In considering costs, it should be recognized
that cost estimates at the planning stage have inherent
uncertainty such that alternatives having a cost differenti al
within 10 percent of one another may generally be considered
equal .

5.6 Selection of a Treatnment System Alternative. For nost
mlitary installation wastewater sources, the application of

addi tional pollution prevention techniques will be the nost
favorabl e wast ewat er managenent strategy for discharges that are
out of conpliance. Treatnent of a nondonestic wastewater at the
source will seldom be cost effective or advantageous, but may be
appropriate when pollution prevention techni ques are unavail abl e
or have been applied and are still insufficient to provide the
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requi site degree of pollutant reduction. |In addition, treatnent
may be appropriate under the foll ow ng conditions:

a) Treat ment and conti nued discharge is |ess
expensi ve than contai nment and truck-hauling for offsite
di sposal

b) Treat nent and wastewater recycle is mandated by a
| ocal water shortage or is | ess expensive than either sewer
di scharge or offsite disposal

5.7 Sources Potentially Subject to Treatnent. In general,
wast ewat er sources potentially subject to treatnent include those
havi ng pol | utant concentrati ons exceedi ng | ocal POTWor FOTW
pretreatnent requirenents, and those having high vol unes which
may be treated and recycled for economic or water conservation
pur poses.

Based on sanple characterization data presented in
Section 4, many activities at mlitary installations will not
require pretreatnent. Each mlitary installation should eval uate
its individual waste streans to determne if pretreatnment is
needed.

Most nondonestic wastewater sources at mlitary
installations have insufficient flowto warrant treatnment/recycle
systens. Recycling of wastewater generally requires a higher
degree of treatnent and hi gher associated costs and nai nt enance
requi renents than does discharge to a wastewater system so it
will rarely be warranted unl ess water conservation is a major
issue. Aircraft and central vehicle washing wastewaters are
potential exceptions (see TM 5-814-9, Central Vehicle Wash
Facilities).

5.8 Consul tants and Vendors. Consulting engineers should
be retained on [ arger projects where an i ndependent eval uation of
al ternative processes or equipnment is needed or where a

custom zed design is required. Consulting services may include
wast ewat er characterization, evaluations, design, permtting,
surveyi ng, and services during bidding and construction.
Consul ti ng engi neers may be an architect/engineering firm (A E)
or a service agency engi neering division.
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Vendors are primarily equi pnment and chem cal suppliers.
Sone supply individual products, such as punps or valves, while
ot hers provide conplete treatnment systens through so-called
prefabricated “package plants.” Additionally, sone can provide
conpl ete services for design, installation, equipnent startup,
operator training, and even contract operations for their own
systens. Purchased agreenents with vendors should clearly
specify the equi pnent and services to be provided. Services
shoul d i nclude provisions for startup assistance, operator
training, and provision of an operation and mai nt enance (O&%M)
manual . The vendor should also be required to provide a
performance bond and a warranty (to begin at startup, not at the
time of equi pnment purchase). Additional provisions may include
servi ce and nmai nt enance agreenents.

Equi prent may be purchased t hrough vendors listed with
the U S. Governnent Services Agency (GSA). Wil e procurenent
t hrough GSA may be | ess expensive, the process does not provide
flexibility for nodifying the equi pment or services to be
provi ded, and it excludes non-GSA vendors who coul d provide
qual ity equi pnent and services at conpetitive prices. In
addition, the installation of major pieces of equipnment usually
requires a general contractor; providing governnent-furni shed
equi pnent to a general contractor for installation results in
nore conpl ex contract managenent issues than having the genera
contractor furnish and install the equipnment under a single
contract. The followng is a general approach to working with
vendor s:

a) Bef ore contacting a vendor, define the | ocal
wast ewat er problem including wastewater flow rates and
characteristics, pollutants of concern, and performance
standards. In addition, define the scope of work, budget, and
schedul e.

b) Est abl i sh what the vendor will be expected to
provi de.

c) | dentify nore than one vendor who can provide the
needed equi pnent and servi ces.
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d) Solicit witten proposals from conpeting vendors
for equi pment and services to be provided and capital and O&M
cost estimates.

e) | f performance uncertainty exists, request that
t he vendor provide a reference list and contact the references
for additional information. |If uncertainty still exists, request

that vendors test their equipnment at the local site, or visit
other simlar sites where the vendor’s equipnent is installed.

f) I n devel opment of the procurenent package, specify
that the vendors provide qualifications. Wen procurenent
met hods al |l ow, consi der experience, qualifications, and
reputation, as well as cost, in the selection of vendors.
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Section 6: (AL AND GREASE REMOVAL

6.1 Section Overview. This section addresses mlitary
applications of OA5s. It provides general information on OASs,
as well as specific information on determ ning the need for an
ON5, principles of oil/water separation, OA5 design criteria, and
sel ection of OAS technol ogy. Enphasis is given to conventiona
and parallel-plate gravity OA5s, which are the prevailing types
installed at mlitary installations. Oher technol ogies, such as
flotation, filtration, and adsorption are also briefly discussed.

6.2 Oly Wastewater Oigin and Classification. Qly
wastewaters are generated in the industrial and maintenance areas
of mlitary installations fromsuch activities as aircraft and
vehi cl e mai nt enance and washi ng and ot her activities involving
petroleum oil and lubricants (PCL). The oils present in

wast ewaters nmay be of several types, including gasoline, jet
fuel, diesel fuel, and lubricants (e.g., grease). Regardless of
type, they are typically classified into three nmajor categories:
free, emulsified, and dissolved. QO ly wastes di scharged at
mlitary installations may include any or all of these

cl assifications.

6.2.1 Free Ol. Free oil consists of globules |arge enough
torise as a result of buoyant forces and forman oil |ayer on
top of the water. Theoretically, oil globules as small as about
20 mcrons can be classified as free oil. However, research
indicates that the size of oil globules nust be approximtely
150 mcrons or greater to be effectively renoved in a
conventional gravity-separation chanber.

6.2.2 Enulsified Gl. Enmulsified oil exists as snaller
dropl ets, approximtely 1-20 m crons, which forma stable
di spersion in the water and are incapable of rising to forma

separate oil layer without additional treatnment. Enulsification
of free oil may be chemcally caused by the cl eaning agents
designed to increase solvency of oil in water, and commonly used

in the washing of floors, vehicles, aircraft, and other equi pnent
at mlitary installations. Additionally, free oil can be
mechani cal ly enmul sified through excessive agitation and

turbul ence, such as that caused by high velocities or punping.
Centrifugal punps are especially prone to emulsify oil so, where
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punping to an OAN5 is required, a positive displacenent punp (such
as a di aphragm punp) is preferable.

6.2.3 Dissolved Ol. Dissolved oil is oil that is soluble in
water. It is also incapable of renoval by gravity separation.
The solubility of oily substances in water increases with a
decrease in nol ecul ar weight and with the presence of

di spersants, such as synthetic detergents. Lubricants are highly
i nsol ubl e, but certain fuel conponents, such as benzene and

tol uene, are soluble to the extent of several hundred mlligrans
per liter. Treatnent of dissolved oil is generally not required
and is rarely practiced at mlitary installations.

6.3 Sanpling and Measurenent. The total oil and grease
content of a wastewater may be determ ned by EPA Met hod 413.1 or
413.2. The fornmer nethod neasures only nonvol atil e hydrocarbons,
while the latter nethod neasures nost volatile hydrocarbons in
addition to heavier conmpounds. These nethods of neasuring oil
and grease do not differentiate free, emulsified, and dissol ved
oil. A nethod to provide this differentiation is described in
American PetroleumlInstitute (APlI) Publication 421, Design and
Operation of Ol and Water Separators. Also, the TPH content may
be determ ned by EPA Met hod 418.

6. 4 Regul atory Basis for Considering Ol Renoval.

Regul ations that may require the use of OANGs are primarily
associated with Public Law 100-4, Water Quality Act of 1987.
Direct discharges of wastewater to surface waters of the United
States nmust be permtted under the NPDES program Applicable
regul ations are found in 40 CFR Section 402, NPDES Permt

Regul ations, and 40 CFR Section 122.26, Stormnater Permt

Requi renments. Discharge to wastewater collection systens is
regul at ed under 40 CFR Section 403, CGeneral Pretreatnent
Regul ati ons. Enmergency spill control is regulated under 40 CFR
112.7, Spill Prevention Contai nnent and Control Requirenents.
Furt her discussion of applicable regulations is covered in
Section 2.

Specific provisions of the General Pretreatnent
Regul ations applicable to oily waste di scharges to wastewater
coll ection systens are found in Section 403.5(b). These
provi sions prohibit discharge of the foll ow ng:
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a) Any pollutants which cause interference or pass
t hrough treat nent works

b) Pollutants which create a fire or explosive hazard
in the sewer system

c) Petroleumoil, nonbi odegradable cutting oil, or
products of mneral oil origin, in anpunts that wll cause
interference, pass through, or exceed effluent discharge limts
(sonme sewer-use ordi nances al so contain specific nunerica
[imts)

d) Pol lutants that result in the presence of toxic
gases, vapors, or fumes wthin the sewer systemthat nmay cause
acute worker health and safety problens

In addition to these provisions, many POTW sewer -use
ordi nances prohibit oil and grease discharges that could
accunul ate in collection system pi ping and obstruct flow, or that
coul d accunul ate in the sludge of treatnent works, resulting in
hazar dous substance di sposal requirenents. Local sewer use
ordi nances and di scharge requirenents should be obtained fromthe
treatnment facility serving the project prior to design

6.5 Eval uating the Need for OA5s. Nunerous OASs exi st at
mlitary installations, sonme of which are not needed or are not
acconplishing their intended purpose. M sapplications and

i nadequat e performance have resulted from poor design, inproper
sel ection of pre-manufactured units, failure to adequately
understand the character of wastewaters being treated or
pretreated, inadequate personnel training, and | ack of proper
mai nt enance. Consequently, the need for an OA5 shoul d be
carefully eval uated before undertaking its design

Figure 2 presents a decision diagramfor determ ning
whet her an OA5 i s needed at a particular location. In using the
deci sion diagram the follow ng source control issues should be
consi der ed:

a) Usi ng detergents to clean up work areas increases
enul sification and inhibits gravity oil/water separation. Use of
hi gh- pressure water al so causes enulsification but is generally
|l ess detrinental to oil/water separation than the use of
detergents (see par. 4.7.3.2).
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b) Use of dry absorbents should be considered to
mnimze the anmount of oils reaching sewers. Dry absorbents may
be collected and di sposed of with solid waste naterials. |If
possi bl e, wet processes should be replaced with dry processes,
and floor drains should be plugged and hose bi bs renoved. Floor
drains and interior hose bibs (used for floor washing) should not
be used in new buil di ngs whenever possi bl e.

c) | npl enent ati on of point source controls my
elimnate or reduce the wastewater volunme and contam nant
concentrations. For exanple, used oils may be segregated for
di sposal or reuse rather than allowing themto enter the
wast ewater stream | nplenmenting point source controls may al so
be nore econom cal than providing a wastewater treatnent system
Poi nt source control techniques include process change or
nodi fication, material recovery, material substitution,
wast ewat er segregation, and water reuse/recycling (see par. 4.3.3
for additional details).

d) Changi ng the point of discharge to negotiate |ess
stringent requirenents and to protect sensitive environnental areas
shoul d be considered. For exanple, it may be practical to reroute a
stormnvater-permitted outfall to a wastewater collection system when
the stormnvater flows are I ow and the permtted stormnater discharge
limts are overly restrictive. However, extraneous stormater
shoul d be excl uded from wast ewater collection systens.

e) The stormmater pollution prevention plan should
i npl emrent best managenent practices, which may mnimze or
elimnate the need for OASs in sone instances. Stormnater should
be elimnated from process water whenever possible.

f) The formation of oil enul sions should be m nim zed
and enul si ons shoul d be segregated for special treatnent whenever
possi bl e. Emul sions are usually conpl ex, and bench or pil ot
plant testing is generally necessary to determ ne an effective
met hod for emul sion breaking (see par. 6.6.4).

g) Current process operating practices should be
investigated to determne if good housekeepi ng practices are
enpl oyed and if changes can be nade to reduce waste materials or
use of excess water. |In nmany cases, proper attention to
operations control can greatly reduce the anount of sol uble oi
requiring treatment. Mnimzing | eaks, avoiding spills, using
drip trays and pans, enploying spill containment techniques, and
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di scarding oil only when it is no |onger serviceable should be a
part of any oily waste control program

h) ONBs are intended for renoval of a small vol une of
oil from an aqueous waste stream and should not be designed or
used for spill containnent.

6.6 Treat ment Technol ogy. Sel ection of the appropriate
treatment process for oily waste is dependent on the required |evel
of treatnent, flow volune, and oil classification. Under proper

qgui escent conditions, free oil can be renoved by gravity separation.
Emul sified oil cannot be renobved by gravity separation unless it can
first be converted to free oil by breaking the emulsion. Enulsified
oil may be renoved by air flotation, although the emulsion may al so
have to first be broken for this process to be effective. Renoval

of soluble (dissolved) oil generally requires biological treatnent
or adsorption onto a solid-phase sorbent such as activated carbon.
All oil separation technologies may require flow equalization and
grit renoval pretreatnent to maximze their effectiveness (see

par. 6.7.3 and 6.7.4).

It should be noted that sone pollutants, such as
sol vents, phenols, dissolved netals, and other toxic and
hazardous pollutants, are not effectively renoved by oil/water
separation technol ogy and may require additional source control
or pretreatnent. Nevertheless, sone of these toxic materials may
be renoved and render the OA5 sl udge hazar dous.

Princi pal renoval technol ogies are discussed in the
fol | ow ng paragraphs. Additional information may be found in New
Technology for G|/ Water Enul sion Treatnent: Phases | and Il (Air
Force Research Laboratory, AFRL/M.QE, April 1998).

6.6.1 Gravity Separation. Two basic types of gravity OAGs
are in common use: conventional, rectangul ar-channel units,
comonly called APl separators because they are usually based
upon desi gn standards devel oped by the API; and parallel-plate
separators. In either case, renoval is a function of residence
time, specific gravity of the oil, oil droplet size, fluid
salinity, and fluid tenperature.

Vel | designed and operated APl gravity separators are
capabl e of renoving free oil and achieving effluent |evels of
free oil of 100 ng/L or less. Parallel plate separators are nore
efficient and capabl e of sonmewhat better renoval of free oil. In
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sonme cases, retrofitting an existing APl gravity separator with
paral |l el plates to enhance renoval may be feasible. Mnufacturer
clainms of renovals below 15 ng/L should not be accepted w thout
onsite denonstration.

While gravity separators are designed to renove oil,
they also function as a sedinentation unit. As a result, solid
particles will have a tendency to settle out and provisions nust
be included to renove accumul ated solids. Know edge of the
solids content of the influent wastewater streamis particularly
inportant in the selection of parallel-plate separators because
they are prone to increased mai ntenance and cl oggi ng problens. A
separate grit-renoval chanber should be provided for wastewaters
with a known or suspected hi gh suspended solids content.

6.6.1.1 Conventional Gavity Separators. A typical
conventional separator systemis shown in Figure 3. The
separator itself has three chanbers separated by baffles: an
i nfl uent chanber, the nmain separator chanber, and an effl uent
chanber. The operation of these chanbers is described bel ow

a) | nfl uent Chanber. The influent chanber renoves
free oil that has already separated fromthe oil/water m xture
during conveyance to the unit. Two baffles separate the influent
chanber fromthe larger, main settling chanber. The upper baffle
is placed at the top of the water |evel and extends three
quarters of the way to the bottom It prevents the floating oi
and scum fromentering the main chanber, and allows it to be
ski mmed off through an overflow pipe. The |lower baffle extends
fromthe bottomand directs the wastewater to the top of the main
chanber and to prevent short-circuiting.

b) Mai n Separat or Chanber. In the main separator
chanber, the oily wastewater flows fromone end to the other
under qui escent conditions. The wastewater velocity is kept very
low, typically less than 3 feet per mnute (0.9 mimn) to prevent
turbulent mxing. For flat-bottom chanbers, renoval of settled
solids is typically acconplished by taking the chanber out of
service; the chanber is drained and accunul ated solids are

renoved either manually or by a vacuumtruck. |If the floor is

sl oped, the solids can be renoved fromthe hopper or V-bottom
trough by punping or gravity discharge while the unit is still in
servi ce.
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Conventional gravity separators can al so be equi pped
with a chain-drive mechanismto nove settled solids to a
col l ection hopper. Attached between a pair of chains are
crosspieces, or “flights," extending the full width of the tank or
bay and spaced at specific intervals. The use of these chain and
flight mechani sns is di scouraged because of maintenance
considerations. |If used, flights should be of fiberglass
construction wth pol yurethane wear shoes to protect edges from
abrasi on damage. The drag chain should be specified as a high
strength nylon resin.

An oi |l -skimm ng device should be provided at the end of
t he separation chanber. The rotatable, slotted-pipe skinrer is
the nost conmmon type. O her oil-skimmng devices include belt
skimers and floating skinmrers. The oil collected by the skimrer
is discharged to a used oil holding tank (see Section 6.6.4).

c) Ef fl uent Chanber. The effluent chanber is also
separated fromthe main chanber by upper and | ower baffles.
Wast ewat er fl ows under and over the baffles into the effluent
chanber. Fromthe effluent chanber, the treated water can be
di scharged to the sewer systemor to additional treatnment if
necessary.

6.6.1.2 Parall el -Plate Separators. A typical parallel-plate
separator systemis shown in Figure 4. Parallel-plate separators
function on the sanme principles as conventional gravity
separators, but they require | ess space. Incorporating an array
of closely spaced parallel plates within the separator chanber

i ncreases the surface settling area, allow ng the overall size of
the unit to be reduced. Flow through a parallel-plate unit can be
two to three tines that of an equivalently sized conventional
separator. The oil is renpbved by passing the wastewater at

| am nar velocity through the pack of closely spaced pl ates, which
are constructed at various inclines ranging from45 to 60 degrees.
The oil droplets rise vertically until they contact the underside
of the plates, where the oil coal esces and continues to gradually
move upward al ong the underside of the inclined plates.

Eventually, the floating oil is collected at the surface of the
tank. The plates aid in separation in the follow ng ways:
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a) Preventing short-circuiting of the oily waste
b) I ncreasing the effective settling area
c) Enhanci ng contact/aggl oneration of oil particles

The plates may be nmade of an ol eophilic (oil-
attracting) material, such as pol yethyl ene, fiberglass, or nylon
to pronote coal escence of oil droplets. For this reason, the
units are sonetines referred to as coal escing pl ate separators.
Paral l el or coal escing plate separators are usually recommended
only for light oil |oadings when a higher level of oil renoval is
requi red, when the wastewater stream contains mniml solids
concentrations, and when the facility is conmtted to the
addi ti onal nmai ntenance procedures required to keep the coal escing
pack free of debris. The plates may al so be constructed in a
corrugated configuration with alternate troughs and ridges, such
as in the Corrugated Plate Interceptor (CPlI). It should be noted
t hat pol ypropyl ene is not recomrended for use in coal escing
pl ates because it has been found to have excessively strong
ol eophilic properties that prevent oil droplets from detaching
and floating to the surface.

In parallel-plate separators, solids settle to the
bottom and are collected in a sludge well. Fromthe well, sludge
is punped or withdrawn by gravity. |f sludge transfer is by
gravity displacenent, an automatic valve is usually provided.

6.6.2 Ol Collection. A tank should be provided for
collection of used oil collected by the skimrer. The tank should
be designed as an integral part of the OA5 systemor it could be
subj ect to storage tank regul ati ons under RCRA. The tank shoul d
al so be designed so that confined space entry is not required for
&M

6.6.3 Air-Flotation Separators. In the air flotation
process, separation of both oil and solid particles is brought
about by introducing fine air bubbles into the liquid waste
stream The bubbles attach to the particulate matter and oi
droplets, and the buoyant force of the air bubbles causes both
particles and small oil droplets to rise to the surface. The

oi |l /solids/air bubble mxture forns a froth |layer at the surface,
whi ch is skinmed away.
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A typical air-flotation systemis shown in Figure 5.
The renoval efficiency of air flotation separators for free oi
is simlar to that of gravity separators. However, air flotation
units can al so renove dispersed oil droplets in the 40 to
150 mcron size range. The addition of coagul ants, such as salts
of iron and alum numw th or w thout organic polyel ectrol ytes,
may further enhance the effectiveness of the air flotation
process in renoving enmulsified oil.

Despite their greater effectiveness in renoving

enul sified oil, the use of air flotation systens at mlitary
installations is discouraged because of hi gh mai ntenance
requirenents. |If enulsified oil is a problem alternative neans
of reducing enmulsified oil, such as reducing or elimnating

detergent use, should first be explored. Air flotation units
shoul d never be used to treat AFFF wastewater because they wll
produce adverse foam ng conditions. |[If the use of an air
flotation systemis considered necessary, design criteria may be
found in EPA 625/ 1-79-001, Process Design Manual for Sludge
Treat ment and D sposal

6.6.4 Enul si on Breaki ng Processes. Enul si on- breaking
processes should only be enpl oyed when necessary to neet | ocal

di scharge imts and when nethods to reduce the formation of

enul sified oil cannot be enployed or are inadequate (see par.
4.7.3.2 and 6.2.2). Methods of breaking enul sions are descri bed
in the follow ng sections.

6.6.4.1 Chem cal Processes. Treatnent of oil enulsions is
usually directed toward destabilizing the dispersed oil droplets,
causing themto coal esce and formfree oil. The process
typically consists of rapidly m xing coagul ant chemcals with the
wast ewater, followed by gentle mxing (flocculation). The

aggl onerated oil droplets may then be renoved by gravity or
flotation.

Alternative chem cal emrul sion breaking processes

i nclude the addition of acid (acid cracking), iron or alum num
salts (coagul ation), or chem cal emul sion breakers. 1In acid
cracking, the pHis reduced to approximtely 3 to 4, so the
wast ewat er nust be neutralized after oil/water separation. The
use of iron or alumnumsalts wth or w thout polyelectrolytes
may be | ess costly, but produces additional solids fromthe
chem cal precipitates. Proprietary chem cal enul sion breakers
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are very effective, but they are nore costly than iron or

alum numsalts. A nunber of proprietary emnul sion breakers are
avai |l abl e through specialty chem cal suppliers. D fferent
products shoul d be eval uated through bench-scale tests to
determ ne which are nost effective for a particular application.
Sone factory-nmanufactured OA5Gs are designed with enul sion

br eaki ng chanbers where chem cals are added and m xed.

O herwi se, enul sion breakers should generally be added to the
wast ewater as far upstreamof the OA5 as practical. Chem ca
enul sion treatnent generally is nost effective when the waste
streamis fairly consistent. Waste streans that have

i nconsistent or intermttent flow rates and varyi ng cont am nant
| evel s may present operational challenges for chem cal treatnent.
Further guidance in the treatnent of enulsions is given in API
Publ i cation 421.

6.6.4.2 Mechani cal | npingenent and Filtration Processes. O her
met hods for renmoving enulsified oil include nmechanical

i npi ngenent devices and filtration, both of which induce

coal escence of dispersed oil droplets. Representative of
mechani cal i npingenent devices are the coalescing filters and the
cartridge-type enul sion breakers that are used as the final step
inoily water separation systens (followng solids filtration or
sedi nentation and free oil renmoval). Cartridge units typically
contain a nmedi um having nunerous small (25 mcrons), irregular,
conti nuous passages through which the wastewater flows. The

emul sion is broken by inpingenent of the oil droplets on the
surface of the nmedium The cartridge can be backwashed and/ or
repl aced. Mechani cal inpingenent separators have generally been
unsati sfactory in the mlitary environnent and are reconmended
only in special circunstances. Such circunstances may incl ude
[ight oil |oadings when a higher level of oil renmoval is

requi red, when the wastewater stream contains mninmal solids
concentrations, and when the facility is conmtted to the
addi ti onal nai ntenance procedures required to keep the unit free
of debris.

Pressure filters may al so be used to renove dilute
concentrations of nmechanically enmulsified oil, usually as a
polishing step downstream of gravity or flotation units.
Activated carbon, other proprietary solid phase sorbents, or
bentonite clay/anthracite are typically used as the nedia.
Application of filters at mlitary installations strictly for oi
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renmoval is expected to be extrenely rare, so the design of these
units is not covered herein. Design of filters for suspended
solids renoval is covered in Section 8.

6.6.4.3 Centrifugal Processes. Centrifugal renoval of

emul sified oil using a hydrocycl one or air-sparged hydrocycl one
(ASH) is relatively new and unproven at mlitary installations
but has shown prom se. Hydrocyclones are sinple conical -shaped
devices with no noving parts. Wstewater is punped and

i ntroduced tangentially at the top of the cone, inducing fluid
rotati on and associ ated centrifugal force within the unit. Wter
and solids are driven to the hydrocyclone wall and di scharged at
the bottom while oil mgrates to the center of the hydrocycl one,
spirals upward, and exits through an overfl ow pipe at the top.
ASH units operate in a simlar manner, but air bubbles are forced
into the water stream which pronmote collisions of dispersed oi
dropl ets and enhanced oil renoval. Hydrocyclones systens
potentially offer cost and performance advantages over ot her
separation systens, but should be carefully eval uated because of
the |l ack of docunmented experience at mlitary installations.

Addi tional information may be found in the technical report
“Renoval of O and AFFF from WAst ewat er by Air- Sparged

Hydr ocycl one Technol ogy” (Yi, Y., 1996).

6.6.5 Treatnment of Dissolved OQl. Treatnment of dissolved oi
is also not normally practiced at mlitary installations.

Di ssolved oil that m ght be present woul d be expected to be
renmoved by the biological treatnent processes enployed by the
FOTWor POTWto which the wastewater is discharged. Were
pretreatnment of dissolved oil at an upstreamlocation is

requi red, adsorption would be the probable nethod of choice.

6.6.6 Enmer gi ng Technol ogi es. Several newer technol ogies for
enhanced oil /water separation are commercially avail able but as
yet are unproven in mlitary applications. Exanples include
menbr ane separation, organoclay filtration, and various
proprietary biological treatnment systens. Use of these

t echnol ogi es should rarely be necessary and should only be

consi dered on a case-by-case basis when specific |ocal

ci rcunst ances warrant a higher degree of oil renoval. Additional
informati on on several of these energi ng technol ogies may be
found in the report the AFRL/ MLQE April 1998 publicati on.
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6.7 Desi gn of OA5 Systens. Design of conventional and
paral |l el -plate OA5 systens requires proper characterization of
the wastewat er, establishnment of the design flow and required
effluent quality, sizing of the separator, and proper flow
attenuation/flow equalization of the influent. Sludge disposal
and used oil disposal also needs to be properly considered. The
desi gner should work to identify the user’s needs and the
capability of any vendor-supplied equi pnment. These aspects of
system design are discussed generally in Section 5 and nore
specifically in the foll ow ng paragraphs.

6.7.1 Wast ewat er Characterization. |If possible, the

wast ewater to be treated should be analyzed for total oil and
grease, including determ nation of the free, enulsified, and

di ssolved oil fractions as described in par. 6.2. As indicated
previously, although OASs are designed to renove free oil, they
al so renove solids. Therefore, the solids content of the
wastewater is inportant in overall system design. Analyses
shoul d include TSS, volatile suspended solids (VSS), and
settleable solids. These analyses wll help determ ne the anount
and frequency of settled materials that will need to be renoved
fromthe bottomof the OA5 and the advisability of providing grit
removal upstream of the ONS.

O her wastewater characteristics inportant in the
design of OABs are the specific gravities of the oil and water
phases and the absolute viscosity of the wastewater, both at the
m ni mum desi gn tenperature. Wastewater tenperature and pH have a
maj or i npact on the efficiency of the separator, with poorer
separation occurring at |ower tenperatures and high pH val ues.
Separators are not designed to renove pollutants such as phenol s,
sol vents, and heavy netals. These pollutants should be addressed
by the use of pollution-prevention techniques.

| f the wastewater characteristics cannot be determ ned
t hrough testing, the facility should refer to the general
wast ewat er characteristics for simlar facilities as provided in
Section 4.

6.7.2 Site Considerations. The OA5 shoul d be designed to be
readily accessi ble for maintenance and i nspection, including
access for a vacuumtruck or other oil- and grit-renoval

equi pnrent. Visual inspection and the ability to probe for solids
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|l evels are critical to good operation. Aboveground units are the
easi est to access for mai ntenance and inspection; however, they
may require punping of the wastewater, which may cause

enmul sification of oils.

Bel owgr ade systens have the advantage of providing
greater tenperature consistency, especially in cold tenperature
climtes. However, bel owgrade separators with only manhol e
access are difficult to nmaintain and should be avoided. Wen
bel owgrade installations are necessary, they should preferably be
| ocated within an accessible vault for ease of operation and
mai nt enance. |If buried, units should have anpl e access points or
open tops for inspection and cl eaning, and should be installed
with a double liner and | eak-detection system OA5s are
general ly exenpt wastewater treatnent units under 40 CFR 260. 10;
however, no hazardous waste shoul d be processed through an OA5

6.7.3 Est abli shing the Design Flow The efficiency of
separation al so decreases when fl ow exceeds the design capacity
of the separator. Therefore, the design flow should be based on
the maximumflow rate to be treated, including the addition of
any future oily wastewaters and stormmater runoff. In

determ ning peak flow rates, variations between shifts and daily
and seasonal variations should be considered. Flow rates should
be nmeasured where the wastewater generating process already

exi sts, or accurately estimted where it does not.

In sone cases, establishing production-based wastewater
generation rates may be useful for projecting future flows. For
exanpl e, the maxi mum fl ow expected froman aircraft washing
facility may be estimated fromthe expected washwater per
aircraft multiplied by the maxi mum nunber of aircraft to be
washed in a given period. |If unit wastewater generation rates
fromanother facility are used, differing conditions should be
accounted for, such as differences in the type and size of
aircraft and washi ng procedures.

Where high flows of short duration are to be handl ed,
alternatives to constructing a | arger separator include: a)
providing flow equalization at an upstreamgrit basin; b)
providing flow equalization wwthin the OA5 itself by operating
the unit in batch treatnent node (enptying after each batch); and
c) providing curbing and covering of outdoor washracks to
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exclude stormmater. Sone installations have installed a manually
control |l ed val ve on washrack drains to allow stormnvater to be
diverted to a stormdrain during rainfall periods, but such

val ves are di scouraged because they are prone to be |left open and
al | ow washwater to be di scharged.

6.7.4 Pretreatnment for Git Renpbval. A separate basin to
renmove grit should be provided upstream of the OAS5 for
wastewaters with a high suspended solids concentration. The
desi gn shoul d be based on gravity separation of grit with a

m ni mum detention tinme of 5 mnutes at the maxinumrate of flow.
Larger basins may be used if the grit renoval basin is also

designed as a flow equalization basin. |In either case, access
shoul d be provided for a truck with suction equi pnent to
periodically renmove grit. |In large systens, the use of a ranp at

one end of the basin may be considered if the naterial to be
removed is primarily sand and readily dewaterable. Mechanical
grit renmoval equi pment should not be provided because it requires
ext ensi ve mai nt enance.

6.7.5 Design Criteria for Conventional Separators. Key
paraneters that should be considered in the design of

conventional OASs include flow rate, m ninum wastewater
tenperature, oil-fraction specific gravity, oil concentration,
relative fractions of free and emulsified oils, quantity of
solids to be renoved, and effluent oil concentration limts to be
met. Design criteria should conformto the foll ow ng:

a) Separator water depth should not be |ess than
3 feet.

b) Maxi mum Hori zontal Velocity: 3 feet per mnute or
15 times the rise rate of soil droplets, whichever is |ess.

c) Wdth of Separator: 6 to 20 feet.
d) Length-to-width Ratio: 3:1to 5:1
e) Depth-to-width Ratio: 0.3:1to 0.5:1

f) Where continuous service is required, a backup
channel or unit should be provided.
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For a step-by-step design procedure, refer to API
Publication 421. Design criteria may al so be found in ETL 1110-
3-466, Sel ection and Design of Ol/Water Separators at Arny
facilities, and M L-HDBK-1005/9.

6.7.6 Design Criteria for Parallel-Plate Separators.
Paral l el -plate OA5s are furnished as pre-engi neered, factory-
assenbl ed units. As such, designs vary by manufacturer, and
vendor experience nust be used in unit sizing and sel ection.

In general, however, the paraneters and procedures used for the
design of parallel-plate separators are the sane as for
conventional separators (see APl Publication 421).

The perpendi cul ar di stance between plates shoul d range
from0.75 to 1.5 inches (2 to 4 cm, and the angle of plate
inclination fromthe horizontal should typically range between 45
and 60 degrees. Wder plate spacing and steeper plate
inclination generally reduces mai ntenance and i nproves
performance but adds to cost. Manufacturers’ clainms of settling
area shoul d be checked because some manufacturers incorrectly
count both sides of the plates when calculating the effective
surface area for their products. Settling area and detention
tinme are key variables that may be used to conpare conpeting
equi pnent .

Accessi bl e placenent of the OA5 is particularly
inportant for parallel-plate separators, which may require
frequent cleaning. Renoval for cleaning with high-pressure
cl eani ng equi pnent is the procedure of choice. |If cleaning in
pl ace is used, a hose connection and proper provisions to
m nimze worker health and safety risks should be provided. |If
hi gh solids concentrations are present, installation of a grit-
renmoval basin upstreamof the OA5 is highly recommended.

6.8 Sl udge Renoval and Disposal. Reliable sludge renoval
fromthe separation chanber is a frequent problemw th both
comercially avail able units and custom desi gned separ at ors.
Currently, the nost satisfactory method involves suction renoval
by installation personnel using equipnment normally used for

cl eaning catch basins. This equipnent is coomonly referred to as
a “vacuunt’ or "vac-all” truck
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O ly sludges renoved fromthe OA5 system may be
di sposed of by incineration, sale by the Defense Reutilization
and Marketing Ofice (DRMD, waste hauler, landfill, and | and
di sposal. Final disposal options should be eval uated
concurrently wwth oil/water separation nmethods and environnental
requirenents to establish the nost cost-effective total system
The material nust be characterized prior to reuse or disposal.
The sludge nmay require regulation as a hazardous waste if |evels
of pollutants exceed RCRA or state hazardous waste standards.
Further, a | eaking OA5 containing a hazardous waste can result in
designation as a solid waste managenent unit (SWW) and be
subj ect to corrective actions under RCRA regul ations (40 CFR
Subpart F).

6.9 Grease Separators. G ease separators, also called
grease interceptors or grease traps, are a special class of OA5
used where grease waste is produced in quantities that could

ot herwi se cause |ine stoppage or hinder wastewater transm ssion,
such as restaurants (see par. 4.21.1). The design of grease
interceptors is generally specified in state or |ocal
regul ati ons, plunbing codes, or sewer-use ordinances. Typically,
they are rectangul ar basins of precast concrete construction with
baffled inlet and outlet pipes, simlar to a septic tank. Sizes
normal ly range from 750 to 2,000 gallons, with nultiple units
used in a series when additional volunme is required.

Grease separators nmust be maintained by regul ar renova
of accunul ated waste or they will either plug or allow pass-
t hrough of grease to the wastewater system Solvents are not to
be used as a nethod of grease control. Consequently, grease
separators nmust be installed to provide ready accessibility to
t he cover and ease of maintenance. A naintenance schedul e should
be established and enforced for all grease traps |located within
mlitary installations.

6. 10 @ui dance Docunents. The foll ow ng docunents provide
addi ti onal guidance in designing or selecting ON6s. Also refer
to the References Section in this handbook.

a) ETL 1110-3-466. Sel ection and Design of OA5 at
Arnmy Facilities. This ETL is a conprehensive design gui dance
docunent for OWS.
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b) APl Publication 421, February 1990.
c) HQ USAF/ CE Menorandum QI /Water Separators:

Oper ation, Maintenance and Construction. This neno i1ncludes the
Environnental Conpliance Policy for ON5 O&M and Constructi on.

d) HQ AFCEE Pro-Act Fact Sheet. QI /Water
Separators. (Wb Address:
htt p// ww. af cee. brooks. af . m |/ pro_act//pro_actformhtn).
e) AFRL/ MLQE, April 1998.
f) M L- HDBK- 1005/ 9.
9) M L- HDBK- 1005/ 16.

h) M L- HDBK- 1138. WAstewater Treatnent System
Oper ati ons and Mai nt enance Augnenti ng Handbook.
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Section 7: HEAVY METALS REMOVAL

7.1 Section Overview. Metals are added to water through
many of the activities carried out at mlitary installations.

The resul tant aqueous concentrations are relatively dilute and
will usually conply with POTWlocal Ilimts. However, in sone
cases, a pretreatnent systemfor netals renoval may be required.
Phot o/ X-ray processi ng wastewater, which contains high
concentrations of silver and frequently warrants silver recovery
for pretreatnment or econom c purposes, is a special case that was
addressed in Section 4. This section presents information on the
proper application and design of renoval technol ogies for
relatively dilute concentrations of heavy netals.

7.2 Types and Sources of Heavy Metals

7.2.1 Metal s of Concern. (Quidance for determ ning pollutants
of concern was presented previously in par. 3.3.2, which
indicated that EPA's primary netals of concern are arsenic,

cadm um chrom um copper, lead, nickel, nercury, silver, and
zinc. These and any other netals which are present in elevated
concentrations and which have a | ocal discharge standard may be
considered a netal of concern.

7.2.2 Sources of Metals. Based on the wastewater
characteristics presented in Section 4, wastewater sources that
may contain nmetals of concern in elevated concentrations include:

a) Aircraft Corrosion Control

b) Aircraft Washing

c) Battery Mai ntenance

d) Dental dinic Operations

e) Engi ne Washi ng

f) Fl oor Washi ng

g) Fuel Storage

h) Fuel Storage Facilities

i) Hospital Operations

1) NDI Testing

k) Parts Washi ng

) Phot o/ X-ray processing

m Vehi cl e Painting (includes paint stripping)
n) Vehi cl e and Equi pnent Washi ng
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If metals renoval is required, these are the principal
sources to be evaluated. |In any decision to inplenment a netals-
removal process, the total quantity of netal discharged, as well
as the concentration discharged, should be considered. Metals-
renmoval technol ogies may be applied to conbi ned waste streans
when necessary or conveni ent.

7.2.3 Metals Classification. Metals are present in
wastewater in both particulate and di ssolved forns. The netals
concentrations given in Section 4 are total nmetals concentra-
tions, which include both fornms. To determ ne the concentration
of a dissolved netal, it is necessary to filter the sanple
through a 0.45-mcron filter prior to analysis. Analysis of

di ssolved netals is useful in the selection and design of netals-
removal processes. For exanple, particulate netals nay be
removed by direct sedinmentation and/or filtration, whereas

di ssolved netals require precipitation or ion exchange.

7.3 Eval uating the Need for Metals Renoval. Metals renova
treatment processes typically require a high | evel of maintenance
and generate a netal s-laden sludge that nmay require di sposal as a
hazardous waste. Therefore, nmetals renoval processes should be
consi dered only when a discharge is out of conpliance or when it
IS necessary to inplenment wastewater recycling. Even then,

al ternative wastewat er managenent systens shoul d be eval uated, as
di scussed in Section 5.

7.4 Treat ment Technol ogy. Particulate netals can be
renmoved from wastewater by conventional physical processes, such
as sedinentation and filtration. D ssolved netals are nost
comonly renoved by chem cal precipitation followed by floccu-

| ation, sedinmentation, and filtration. Dissolved netals may al so
be renoved by ion exchange. Proper selection and design of these
processes is discussed in the foll ow ng paragraphs.

7.5 Chem cal Precipitation, Flocculation, and

Sedi nentation. Chem cal precipitation, flocculation, and
sedi nentation are three processes commonly |inked together in
wastewater treatnent to effect renoval of dissolved and
particul ate netals. These processes al so renove nonnetallic
suspended sol i ds.
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7.5.1 Process Description. The precipitation process nost
frequently enpl oyed invol ves adjustnent of pHwth either Iinme or
caustic to achieve alkaline conditions and precipitation of the
metal s as an hydroxi de or carbonate. Sulfide precipitation

t hrough the addition of sodiumor hydrogen sulfide at pH 6 or

hi gher is also enployed. 1In either case, flocculation is carried
out to pronote agglonmeration of colloidal precipitates through
stirring or mxing and the use of coagul ant aids such as
polymers. Finally, sedinmentation in a quiescent basin allows
renmoval of the floccul ated particles.

It should be noted that, for hexaval ent chrom um the
metal must be reduced to the trivalent form before hydroxide
precipitation. The standard reduction treatnent technique is to
| oner the waste streampH to 2-3 with sulfuric acid, and then add
a chem cal reducing agent such as sul fur dioxide, sodium
bisulfite, hydrosulfite, or ferrous sulfate.

Wil e chem cal precipitation followed by floccul ation
and sedinentation is a proven technology for netals renoval, the
process schene requires a fairly high |l evel of operator attention
for chem cal addition and sludge handling and di sposal. Sl udge
generated nust often be classified as a hazardous waste because
of its nmetals concentration. Hazardous sludge woul d be incl uded
under RCRA regul ations.

7.5.2 Jar Testing. Prior to design, jar tests are
recommended to eval uate various chem cal precipitants, polyners,
pH val ues, chem cal doses and settling rates, and solids
production. The jar test is a small-scale batch precipitation
procedure conducted in the field or in a |laboratory. Details of
t he equi pnment and procedures for the test are readily avail abl e.
In brief, the test consists of adding varying dosages of

coagul ant to a series of wastewater sanples undergoing rapid
agitation. Sequential periods of slow stirring and settling
follow, after which residual turbidity or nmetals concentrations
in the supernatant of each sanple is neasured and conpared. The
quantity of precipitate fornmed nay al so be neasured. Jar tests
may be conducted by an engi neering consulting conpany or a

chem cal supplier

7.5.3 Precipitation. A m xed precipitation tank should be
provi ded to disperse the coagul ant and pronote the contact and
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aggl oneration of small colloidal precipitates into |arger
particles. This single tank replaces the separate rapid m x and
floccul ation tanks that are typically provided in a conventi onal
water treatnent system The detention time in this tank should
normal Iy be about 15 mnutes to allow for proper pH control. A
turbi ne m xer should be used to provide the necessary m xi ng
intensity, which should be between that provided in conventional
rapid mx and floccul ation basins. The addition of recircul ated
sludge fromthe sedinentation tank at a rate of 5 to 10 percent
of the influent flow has been found helpful in pronoting particle
grow h and good settleability.

7.5.4 Sedi nentation. Sedi nentation basins have two princi pal
functions: the production of a clarified overflow, and the
production of a concentrated underflow. Because of enphasis on
the former function, sedinentation basins are comonly called
clarifiers. Sedinentation is often carried out as a batch
process in |l owflow systens. For continuous flow systens,

sedi nentati on tanks should be sized to provide a m ni mrum two- hour
detention tinme and shoul d have sufficient surface area to yield
an overflow rate of less than 1/3 gpmisq ft or about 500 gpd/sq
ft at the maximumflow rate. |If the sedinentation basinis

equi pped with inclined plates, the maxi mum overflow rate should
be limted to 1/3 gpnisq ft of effective plate area. Because

| ocalized velocities at the outlet can di mnish renoval
efficiency, the effluent should be discharged over a weir having
sufficient length tolimt the weir loading rate to |less than

15, 000 gpd/ft.

7.5.5 Package Systens. Several package systens designed for
nmetal s renoval are avail abl e which provide chem cal addition

fl occul ation, and sedinentation within a prefabricated skid-
mount ed package system These systens are available for flow
rates as lowas 3 to 5 gpm A schematic diagramof a typica
systemis provided in Figure 6. Vendors supplying floccul ation/
clarification systens and the system descriptions are listed in
Table 26. This listing does not constitute an endorsenent of
listed vendors; many other vendors supply the sanme type of

equi pnent .

So-call ed “el ectrocoagul ati on” systens are al so
furni shed as package units. |In these systens, wastewater is
passed between surfaces charged with a direct current. The
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Chem cal Precipitation, Flocculation, and Sedi nentation Schenmatic
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Tabl e 26
Suppliers of Precipitation/Flocculation/Carification Systens

Manuf act ur er

System Descri ption

ETUS, |nc.

1511 Kastner Pl ace
Sanford, FL 32771
407-321-7910

Hydr o- Fl o Technol ogi es, Inc.
205 E. Kehoe Bl vd.

Carol Stream IL
630-462- 7550
Kasel co

P. O. Box 667

Shi ner, TX 77984

888-527-3526

G eat Lakes Environnental, Inc.

315 S. Stewart
Addi son, |IL 60101
630- 543- 9444

Uni pure Environnent al
1440 N. Harbor Bl vd.
Suite 125

Ful l erton, CA 92635
800- 323- 8647

CPU-MOD/ T System  pH
Adj ustnent, Precipitation/
Fl occul ati on, Separation

Inclined plate clarifier with
integral chem cal feed and
floccul ati on system

El ectrocoagul ati on package
syst ens

Inclined plate clarifier system

Reactor consists of a mx tank
and floc tank foll owed by a
Lanella clarifier.

Not e:
endor senent of these vendors.

el ectrocheni ca
formati on of netal

This vendor listing is not

i nclusive, and does not inply

reactions release ions and result in the
preci pitates.

The wastewater then typically

flows through a gently agitated tank to pronote floccul ati on and
rel ease entrai ned gas bubbles fornmed by the el ectrochem cal

reactions.
preci pitates.

elimnate the need for chem cal

7.6 Filtration.

In netal s renoval

St andard sedi mentati on basins are used to renove the
The advant age of such systens is that they
handl i ng and feedi ng.

applications, filtration

is generally enployed downstream of the floccul ati on/
sedi nentation systemas a polishing step to renove residual
suspended solids and thereby achieve a lower netals content in
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the wastewater (less than 0.1 ng/L). Care should be exercised
that the appropriate |evel of pre-application treatnment is
satisfactory to avoid plugging problens with suspended solids or
oil and grease.

The need for filtration to neet netals pretreatnent standards
prior to discharge to a wastewater collection system should be
rare. Normally, filtration would only be required for recycling
applications where a high degree of wastewater clarity is

requi red and netals renoval may actually be a secondary
consideration. In that situation, coagulants such as al um or
ferric chloride may be used instead of |line or caustic, but the
general processes woul d be the sane.

7.6.1 G anular Media Filtration

7.6.1.1 Process Description. Ganular nedia filters are
conprised of a bed of porous material. Wstewater flows through
the filter nmediumat a controlled rate either by gravity or under
pressure. Solids accunulate on the surface of the nediumor are
retained within the bed. The filtration cycle is term nated when
a pre-determ ned head |l oss is reached or the acceptable
concentration of solids in the effluent is exceeded. The filter
is then cl eaned or backwashed to renove the accumul ated solids by
reversing the flow through the filter until the granular filter
mediumis fluidized. D sposal of the suspended solids | aden
backwash is a significant issue in selection and design of the
filtration system A disposal nethod needs to be selected prior
to selection and installation of the filtration system

7.6.1.2 Filter Media. The nost widely used granular filter
media is silica sand. Oher nedia include crushed anthracite
coal, diatomaceous earth, perlite, and granul ar-activated carbon.
A dual nedia consisting of anthracite over sand is al so comon.

Granular filter media can be defined by effective size
and uniformty coefficient. Effective size is the 10-percentile
size by weight (i.e., 10-percent by weight of the filter materi al
is finer by sieve analysis). Uniformty coefficient is the ratio
of the 60-percentile size to the 10-percentile size. Conmon
ranges in effective size and uniformty coefficient for sand are
0.016 to 0.022 inches (0.40 to 0.55 nm and 1.3 to 1.7,
respectively. The appropriate nedia size and depth should be
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sel ected through the use of pilot plant studies or use of data
fromfiltration facilities treating simlar wastewaters.

7.6.1.3 Design Criteria. Ganular nedia filters should normal |y
be sized based on a filtration rate of 3 gpmsq. ft. at the
average flowrate. Brief excursions up to a |oading of 6 gpm sq.
ft. are acceptable. Facilities for backwashing of the filter at a
rate of 15 gpm'sq. ft. should be provided for sand nedi a.

The m ni num size of granular filters on the market have
a surface area of approximately 7.5 sq. ft., which corresponds to
a capacity of approximately 25 gpm Therefore, granular nedia
filters are generally not applicable belowthis flow rate.
Rat her, bag or cartridge filters nay be considered for |owflow
systens (see par. 7.6.2 and 7.6.3).

Filters may be of the gravity or pressure type.
Punmping to a pressure filter may cause the floc to fracture and
di m ni sh performance. |[If pressure filters are used, they should
be provided with ready and convenient access to the nedia for
i nspection or cleaning.

7.6.1.4 Package Systens. Small pressure filtration systens are
provi ded as prefabricated skid-nounted package units. A
schematic of a typical systemis provided in Figure 7. Vendors
supplying pressure filtration systens are listed in Table 27.

7.6.2 Bag Filtration

7.6.2.1 Process Description. Bag filtration involves gravity
or pressure filtration through a cloth or fabric bag. Wstewater
flows into the bag, filters through the bag nedia, and is
collected in a reservoir surrounding the bag. The bags are
removed and cl eaned or replaced when they beconme plugged with
solids. Solids buildup is nonitored by pressure increase in the
case of pressure filters, or flowrate decrease in the case of
gravity filters.

The pore sizes of the bag fabric control the size of
particles renoved during filtration. Bag filters are avail abl e
in various fabrics for renoval of particles down to 5 mcrons.
Gravity systens are supplied with a series of 4 to 8 bags within
a reservoir. Pressure systens usually involve one bag wthin a
pressure vessel.
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Figure 7
Pressure Granular Media Filtration Schematic
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Tabl e 27
Suppliers of Pressure Filtration Systens

Manuf act ur er System Descri ption
Agua- Aer obi ¢ Systens, Inc. Agqua ABF Automatic backwash
6306 N. Al pi ne Road package filter

P. O Box 2026
Rockford, IL 61130
815- 654- 2501

El MCO Process Equi prrent Conpany | El MCO Rot oco - upfl ow

P. O, Box 300 continuous cleaning filter
Salt Lake Cty, UT 84110
801- 526- 2000

Infilco Degrenont |nc. Pressure Filtration ABW(R)

P. O, Box 29599 Pressure Filter, downfl ow,

Ri chnond, VA 23229 continuous - cleaning multiple

804- 756- 7600 downf |l ow, conti nuous cl eani ng
units

| ngersol | -Rand I ndustri al Conti nuous pressure filter

Process Machi nery (CPS)

150 Bur ke Street
Nashua, NH 03061
603-882-2711

Pan Ameri ca Environment al Multi-Media Filters
2385 Hammond Drive, Suite 5
Schaunburg, IL 60173
847-882-5855

Serfilco, Ltd. Sentinel Filtration System
1777 Shernmer Road System Titan-90 Automatic

Nor t hbrook, IL 60062-5360 Filtration Systens - automatic
847-559-1777 backwash filters

Note: This vendor listing is not inclusive, and does not inply
endor senent of these vendors.

Bag filtration systens are relatively easy to operate but require
vi sual inspection and periodic bag replacenent. Bags nust be
tested for netals content prior to disposal to determine if they
contai n hazardous concentrations of netals.
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7.6.2.2 Design Criteria. |In designing a bag-filtration system
determ nation of the particle size distribution and TSS
concentration of the wastewater is helpful. Bag filter suppliers
can then provide assistance in selecting the bag pore size and
determ ning the bag vol unme and nunber of bags required for design
flow rate.

7.6.2.3 Package Systens. A schematic of a typical gravity bag
filtration system enploying several bags is provided in Figure 8.
A listing of bag filter vendors is provided in Table 28.

7.6.3 Cartridge Filtration

7.6.3.1 Process Description. Cartridge filters operate in
essentially the same manner as bag filters. The chief difference
is that arigid filter cartridge is used rather than a flexible
filter bag. The cartridge nedia can be constructed with pleats
to increase filter surface area and solids holding capacity. In
addition, cartridges are available to renove particles down to

1 mcron or less. As a result of these differences, cartridge
filters are only provided in pressure systens. Cartridge filters
are nonitored for pressure build-up, and when the pressure
reaches a predetermined level, the cartridge nust be renoved and
cl eaned.

As wth bag systens, cartridge filter systens are
relatively easy to operate but require visual inspection and
periodic cartridge replacenent. The cartridges also need to be
tested for netals content to determ ne the appropriate disposal
nmet hod.

7.6.3.2 Design Criteria. As with bag filtration, determ nation
of the particle size distribution and TSS concentration of the
wastewater is helpful. Filter suppliers can then provide
assistance in selecting the cartridge pore size and determ ning

t he nunber of cartridges required for design flow rate.

7.6.3.3 Package Units. Typical units include a punp and
filtration cartridge vessel; nore conplex systens may include a
punp with several cartridge vessels in series. The systens
shoul d have pressure gauges on the inlet and outlet of each
vessel to nmonitor for plugging of each cartridge unit. A
schematic of a typical cartridge filtration systemis provided in
Figure 9, and a list of vendors is provided in Table 29.
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Gavity Bag Filtration System Schemati c
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Tabl e 28
Suppliers of Bag Filters

Manuf act ur er

Eden Equi pnrent Co., Inc.
17522 Giffin Street

Hunti ngt on Beach, CA 92648
714-842-8181

Met-Pro Corp. Sethco

70 Arkay Drive, Box 121128
Hauppauge, NY 11788

516- 435- 0530

RGF

3875 Fiscal Court

West Pal m Beach, FL 33404
800-842-7771

Rosedal e Products, Inc.
P. O Box 1085

Ann Arbor, M 48106
800-821-5373

Serfilco, Ltd.

1777 Shernmer Road

Nort hbrook, IL 60062-5360
847-559-1777

Note: This vendor listing is not inclusive, and does not inply
endor senent of these vendors.

7.6.4 Menbrane Filtration

7.6.4.1 Process Description. Menbrane filtration involves
pressure filtration through a nenbrane. Menbranes can be
selected with the appropriate pore dianeter to achi eve the
desired particle renoval. Filtration through nmenbranes with pore
dianeters in the 0.1 to 1-mcron range is ternmed mcrofiltration
Subsequent nenbrane filter gradations are referred to as
ultrafiltration (0.005 to 0.1 mcron), nanofiltration (0.001 to
0.01 mcron), and reverse osnosis (0.0001 to 0.01-mcron).
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Tabl e 29
Suppliers of Cartridge Filters

Manuf act ur er

Eden Equi pnent Co., Inc.
17522 Giffin Street

Hunti ngt on Beach, CA 92648
714-842-8181

Met-Pro Corp. Sethco

70 Arkay Drive, Box 121128
Hauppauge, NY 11788

516- 435- 0530

RGF

3875 Fiscal Court

West Pal m Beach, FL 33404
800-842-7771

Rosedal e Products, Inc.
P. O Box 1085

Ann Arbor, M 48106
800-821-5373

Serfilco, Ltd.

1777 Shernmer Road

Nort hbrook, IL 60062-5360
847-559-1777

Note: This vendor listing is not inclusive and does not inply
endor senent of these vendors.

Mcrofiltration is considered the only nenbrane process
potentially applicable for netals renoval at mlitary
installations and woul d be used as an alternative to the other
filtration systens described previously. |In general, the higher
capital and operating costs of these units will not warrant their
sel ecti on.

In a mcrofiltration system wastewater is forced
t hrough the nmenbrane under pressure (30 pounds per square inch
[psi] or less). The reject water, which is a concentrated stream
of suspended solids, is discharged and requires disposal. As
with other filter systens, the feed wastewater nust be pretreated
to ensure that dissolved netals are in a filterable, insoluble
form In addition, pretreatnment may be required to avoid
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fouling, plugging, or scaling of the nenbrane filter.
Pretreatment neasures may include the use of oil/water
separation, sedinmentation, filtration (bag or cartridge filters),
and chlorination. Even wth pretreatnent, the nenbranes wl|
eventual |y beconme fouled and will require cleaning. The nost
common cl eani ng nethod i s back-fl ushi ng.

A high degree of operator training and attention is
requi red for these systens because of the pretreatnment
requi renents, reject water disposal, and potential for menbrane
fouling. Because of these issues, this type of system should be
used only when necessary to achieve very high quality water.

7.6.4.2 Design Criteria. The follow ng wastewater paraneters
shoul d be quantified prior to selecting the nmenbrane system

a) Suspended solids concentration and/or turbidity

b) Particle size distribution (should be provided
onsite to avoid particle size changes that could occur in
transit)

c) Total and di ssol ved pollutants of concern (oil and
grease, netals)

d) constituents which can danage or foul the nenbrane
(silica, ferrous iron, organic materials, mcroorgani snms, and
sol vent s)

e) Flow rate
f) pH

g) Pressure

h) Tenperat ure

This informati on can be used by a nenbrane system
supplier to assist with the selection of a package systemw th
appropriate nenbranes. Laboratory or pilot testing of menbrane
filters is recomrended prior to inplenmenting this technology to
evaluate the treatnent efficiency, volune of reject water
generated, filtration rates and the potential for nenbrane
fouling. D sposal of the reject water, or concentrate, is a
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significant
a menbrane system

offsite for disposal

7.6.4.3 Package Systens.

A schematic of a typica

issue to be considered in the design and sel ection of
I n many cases,
conply with sewer discharge standards and w ||

the concentrate will not
have to be haul ed

menbr ane

filtration systemis provided in Figure 10 and a list of vendors

is provided in Table 30.

Tabl e 30

Suppliers of Menbrane Filtration Systens

Manuf act ur er

System Descri ption

Medro Systens |Inc.

416 E. Industrial Blvd.
McKi nney, TX 75069
972-542-8200

Zenon Environnental,
845 Harrington Court
Burlington, Ontario L7N 3P3
905- 639- 6320

Fi | nTfec Cor poration
Dow North America
P. O Box 1206

M dl and, M 48641
800-447- 4369

Ment ec America Corporation
Mencor Division

5 West Ayl esbury Road

Ti monium MD 21093

410- 252- 0800

| nc.

Reverse Gsnosis and Utrafiltration
Systens; Skid-nounted package
syst ens

Mcrofiltration, nanofiltration,
and reverse osnosi s package
treat ment systens

Menbr ane el enents and pressure
vessel s

Continuous Mcrofiltration System
Ski d- nount ed package pl ants

Note: This vendor

[1sting is not

i ncl usive and does not inply

endor senent of these vendors.

7.7 | on Exchange. This technol ogy invol ves passing the

wat er through a colum of ion exchange resin, wherein ions in the
wastewater with a greater affinity for the resin are exchanged
for simlarly charged ions attached to the resin. 1on exchange
effectively renoves nost netals, although resins nmay be sel ected
that have greater specificity for a given netal
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Menbrane Filtrati on Schematic
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| on exchange is typically used as the first step in
metal s recovery to concentrate heavy netals froma dilute
rinsewater. However, it nmay also be used as a pretreatnent
met hod for relatively | ow concentration waste streans to al |l ow
di scharge of the treated water to the wastewater system

7.7.1 Process Description. The ion exchange treatnent
process involves service (treatnment of the water), backwash,
regeneration, and rinsing. During service, the wastewater passes
t hrough the ion exchange resin bed, and targeted ions in the

wast ewat er (heavy netals) are exchanged with ions on the resin
medi a. When the resin capacity is exhausted, the resin is either
di scarded and repl aced or, nore commonly, regenerated and reused.
Prior to regeneration, the colum is backwashed to renove trapped
solids. A regenerate solution, such as an acid or base, is then
passed through the resin bed to renove the attached netal ions
and replace themw th the original ionic species. In the rinse
cycle, water is used to renove the residual regenerant fromthe
resin bed and then disposed of with the spent regenerant.

Typi cal ion exchange systens involve downfl ow, packed-
bed colums. Selection of an appropriate ion exchange nedia is
the key for renmoving the nmetal (s) of concern. Pretreatnent for
suspended solids renoval is recomended to reduce plugging of the
i on exchange colum. [|on exchange resins are al so susceptible to
fouling by organic constituents, such as oil or detergents, and
i norgani cs, such as iron. The presence of these contam nants may
shorten the resin life. Systens nust al so include provisions for
treatment or disposal of the spent regenerant sol utions.

7.7.2 Design Criteria. The volunetric flow rate through the
unit, which is a nmeasure of the contact tine between the solution
and the resin, should be in the range of 1 to 10 gpm cubic feet.
The surface loading rate, which is a neasure of the linear flow
rate or velocity through the resin, should be in the range of 6
to 8 gpm square feet of surface filter area.

| on exchange suppliers should be consulted to recommend
an ion exchange resin for the specific application and to run
bench scale tests to determ ne the renoval efficiency associ ated
with a given exchange resin and wastewater, and the capacity of
the resin. As noted above, different resins have a greater
affinity for sonme cations over others. Thus, a significant
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drawback of selecting the wong resin is that its capacity wll
be prematurely exhausted as a result of renoving non-targeted
cations in the wastewater as well as the targeted netal ions.

Handl i ng and di sposal of the regenerant sol ution nust
be considered in the system design. The regenerant solutions are
typically corrosive and require special construction materials
and precautions in handling and may require disposal as a
hazar dous wast e.

7.7.3 Package Systens. Typical ion exchange systens include
a punp, ion exchange colums, and regeneration system A
schematic of a typical ion exchange systemis provided in

Figure 11 and a list of vendors is provided in Table 31.

Tabl e 31
Suppliers of lon Exchange Systens

Manuf act ur er

Canmeron Environnental |nc.
527 Van Ness Ave.
Torrance, CA 90501
310-212-0610

Medro Systens |nc.

416 E. Industrial Blvd.
McKi nney, TX 75069
972-542-8200

Ki netico Engi neered Systens
10845 Ki nsman Road

Newbury, OH 44065

216- 564- 5397

Serfilco, Ltd.

1777 Shernmer Road

Nor t hbrook, IL 60062-5360
847-559-1777

Note: This vendor listing is not inclusive and does not inply
endor senent of these vendors.
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7.8 Evaporation. Evaporation of wastewater may be

consi dered where wast ewater nust be haul ed away for disposa
because a wastewater systemis unavail abl e or because the

wast ewat er cannot be cost effectively pretreated for discharge to
a wastewat er system Evaporation systens can reduce wastewater
vol une by up to 80 percent or nore, wth a correspondi ng savi ngs
in hauling costs. However, they should only be enployed if they
are cost effective, considering all capital and operating costs.
The evaporator itself will have high operating costs fromthe
electricity or fuel required to operate the unit. |In addition,
the concentrated residue may qualify as a hazardous waste even if
the original wastewater did not. Were evaporation is used, the
facility nmust conply with any state air regulations that apply to
the treat nent process.

7.8.1 Process Description. Mst evaporators in common use
function essentially by applying heat to the wastewater and
boiling off water. Water enters the tank in either a batch or
conti nuous node and is heated by a gas-fired heat exchanger. A
bl ower draws in anbient air through the burner and a tank
opening. Air is drawn across the surface of the heated liquid
and sweeps away water vapor as it breaks the surface. The

nmoi sture-saturated air and flue gasses | eave the tank via
separ at e passageways, are conbi ned at the bl ower entrance, and
exit the systemvia a flue gas stack. Free oils and enul sions
that float to the water surface in the tank are skimred off to an
external receptacle, and precipitated solids settle to a trough
and are renoved via a clean-out port at the bottomof the unit.
Because vol atile organic chem cals nmay be vaporized in the
process, the equi pnent can be supplied with an activated carbon
adsorber for off-gas treatnent if necessary.

O her types of evaporators are al so marketed. These
include units in which heated wastewater is passed over a packing
material simlar to an air stripper. Another type is a single-
st age vacuum evaporat or, which uses a heat punp as both a source
of heat and a neans of cooling the condenser coils. This type of
evaporator works with high energy efficiency, but has relatively
hi gh capital costs.

7.8.2 Design Criteria. Evaporation systens should be sized
based on wastewater volunme or flow rate and the desired | evel of
vol unme reduction. Equi pnent suppliers should performa
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| aboratory test to evaluate the wastewater and determ ne the
maxi mum vol unme reduction that is feasible prior to selecting a
unit. Materials of construction should be closely eval uated
since the concentrated slurry may contain corrosive constituents
such as chlorides. GOdor emssions fromthe units are also a
concern.

State regulations vary with respect to the use of
evaporators. An air emssions permt or a special hazardous
waste treatnment permt may be required in sone cases, so state
regul ators should be consulted.

7.8.3 Package Units. Evaporator package units are provided
as ski d-nounted stand-al one systens. Systens as small as 3 to
4 gal/hr and as large as 300 gal/hr are available. A schematic
of an evaporation unit is provided in Figure 12. Evaporator
manuf acturers are listed in Table 32.

Tabl e 32
Suppliers of Wastewater Evaporators

Manuf act ur er System Descri ption
Lakevi ew Engi neered Products Wast ewat er Evaporators 10 to
Div. of Power Plant Service 300 gph

2500 W Jefferson Bl vd.
Fort Wayne, IN 46802
212-432-6716

LANDA Wat er Bl aze and Hot Box

13705 NE Airport \Vay Wast ewat er Evaporators Fl ows
Portland, OR 97230 from3 to 60 gph

800-547-8672

RGF Wast ewat er Evaporators Flows up
3875 Fiscal Court to 15 gph

West Pal m Beach, FL 33404
900-842-7771

SAMSCO, I nc. Wast ewat er Evaporators Fl ows
18 Cote Avenue from8 to 125 gph

CGof f stown, NH 03045
603- 668- 7111

Note: This vendor listing is not inclusive and does not inply
endor senent of these vendors.
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Section 8  TREATMENT FOR WASHWATER RECYCLI NG

8.1 Section Overview. This section provides information on
package systens for the treatnment of washwater to render it
suitable for recycling or discharge under exceptionally stringent
limtations. CQuidance on the selection of such systens is
presented, as well as process and equi pnent information.

The use of recycle systens at mlitary installations is
di scouraged except in those rare circunstances where they may be
necessary or cost effective. Wile recycle systens can result in
a reduction in water use and wastewater discharged, they are
costly to install and require skilled O&M personnel. In
addition, these systens are costly to operate and maintain, and
t hey generate a concentrated waste streamthat may require
di sposal as a hazardous waste.

8.2 Washwat er Sources. The nmj or washwat er sources at
mlitary installations are aircraft, vehicle, and equi pnent
washracks. Parts washing is another source, but the volune of
washwat er generated is generally too small to warrant a recycling
treatment system

8.3 Assessing the Need for a Washwater Recycling System
In general, a treatnment systemfor washwater recycling will not
be warranted. However, a system nay be consi dered where:

a) The econom cs are favorable, i.e., savings in
pot abl e wat er and wast ewat er di sposal costs exceed treatnent and
recycl e costs.

b) A shortage of potable water exists.

c) A wastewater systemis not available for
di schar ge.

d) Di scharge requirenents to the wastewater system
are extrenely stringent.

e) Wastewater reuse is mandated to neet facility
goal s for waste reduction.

I n deci ding whether to inplenent a recycling system it
shoul d be recogni zed that these systens generate waste
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sidestreans requiring disposal. For exanple, closed-|oop systens
incur a buildup of dissolved contam nants until some equilibrium
concentration is reached. |If the equilibriumconcentration of a

particul ar contam nant (e.g., chlorides) is too high to be
tolerated, then the system nust be designed to renove that
contam nant or have the ability to di scharge sone percentage of
bl owdown and add an equal anount of fresh nmakeup water

Li kew se, renoved solids or other concentrated waste streans w ||
requi re separate disposal.

Costs to be considered in evaluating a recycle system
i nclude the capital cost of the equipnent and installation, O&M
costs, and waste by-product disposal costs. Capital costs should
i nclude all appurtenant conponents for a conplete facility,
i ncl udi ng buildings or enclosures, slabs, upstreamgrit renoval,
yard pi ping, punps, electrical hookups, curbing, and fencing.
The ongoi ng need for trained operators and mai ntenance personnel
shoul d al so be carefully considered. 1In addition, special O8M
requirenents related to corrosion and scaling and intermttent
operation need to be addressed. Contact with other mlitary
users of recycle systens is encouraged to obtain information on
t hese factors.

8.4 Pollutants to be Renobved. In recycle applications,
treatnent is needed primarily for oil, suspended solids, and
di ssol ved organics. GOccasionally other constituents, such as
metals or chlorides, may require renoval and will result in
significantly higher costs.

8.5 Treat ment Technol ogi es. Several different pre-

engi neered, factory-fabricated package treatnent systens for
washwat er are marketed. Virtually all incorporate oil renova
and filtration. Sone incorporate activated carbon treatnent for
sol ubl e organi cs renoval, nenbrane treatnent for renoval of

sol ubl e organi cs and i norganics, and ozonation for control of

m croorgani sns. | n evaluating systens, one should be sel ected
that provides an appropriate |level of treatnment. Systens that
provi de unnecessary treatnent processes increase costs and O&M
requirenents.

8.6 Pref abri cated Package Systens. Package systens
i ncorporate various treatnent conponents into a skid nounted or
package unit. Many vendors provide standard systens with the

130



Downloaded from http://www.everyspec.com

M L- HDBK- 1005/ 17

conbi nations of unit processes nost frequently needed. These
types of systens are nost typically used for washwater recycling,
but with the various conbi nati ons of unit processes avail abl e,
the systens can be adapted to other applications as well.

A partial listing of equipnent suppliers and the
recycle systens they offer is provided in Table 33. Four
representative systens are described bel ow These are provided
for informational purposes and are not intended to be an
endor sement of the suppliers.

Tabl e 33
Partial Vendor Listing
Washwat er Recycling Systens

Manuf act ur er System Descri ption
LANDA Clarifier Low Profile Wash
13705 NE Airport \Vay Wat er Recycling System
Portland, OR 97230 Delta C osed-Loop Wash Water
800- 547- 8672 Recycling System

1 to 30 gpm

Pan America Environnent al Vehi cl e and Equi pnent Washwat er
2385 Hammond Drive, Suite 5 Treat ment / Recycl e Systens
Schaunburg, IL 60173 1 to 40 gpm
847-882- 5855
RGF U trasorb Systens for Washwater
3875 Fiscal Court Recycl e
West Pal m Beach, FL 33404 1 to 30 gpm
900-842-7771
Uni versal Recycl ed Water Del uge Recycl ed Wash Wat er
Systens, |Inc. Pl ant s
4407 Vi nel and Road, Suite D16 25 to 100 gpm
Olando, FL 32811
407- 245- 7877

Note: This vendor listing Is not i1nclusive and does not 1nply
endor senent of these vendors.

8.6.1 LANDA Water Cl eaning Systens. LANDA provides two types
of wash water recycling systens: the Clarifier Low Profile (CLP)
and the DELTA system Each unit is available for wastewater flow
rates from1l to 30 gom The CLP systemincludes a cone-shaped
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ON5 with coal escing plates, ozone addition, cartridge filters,
and carbon filters. The Delta includes a standard OA5, cartridge
filter, carbon filter, nmulti-nedia filter and ozone. An exanple
Delta systemis shown in Figure 13.

8.6.2 Pan Anerica Environnmental. Pan Anerica provides two
systens; the VEW1 i1s typically used for single pass treatnent
and di scharge, while the VEW2 is used for treatnment and reuse of
washwat er. These units are available at flow rates up to 40 gpm
The VEW 1 systemincludes an OA5 and filtration. The VEW?2
systens can include any of the follow ng conponents: oil/water
separation, filtration, carbon filtration, ozone treatnent,
chlorination, air stripping, chemcal precipitation, softening,
pH adj ustnment, sludge dewatering, and nenbrane treatnent.
Conmponents are sel ected as needed for each individual application
and are assenbled into a package unit. The VEW2 unit is shown
in Figure 14.

8.6.3 RGF Environnental. RG- offers two types of wastewater
recycling systens: the CL2 for automatic car washes and the EVW
for cosnetic cleaning applications. The CL2 system i ncl udes
aeration, gravity oil/water separation, diffused air flotation,
centrifugal separation, multi-nedia filtration, UV/ hydrogen

per oxi de/ ozone treatnment to control bacteria, a catalytic

oxi dation process, and an ultrafiltration nmenbrane. The EVW
systemincludes aeration, gravity oil/water separation, oi

ski nmrer, hydrocarbon absorption, filtration, UV/ hydrogen

per oxi de/ ozone treatnent, catalytic oxidation, ultrafiltration
menbr ane and reverse osnosis nenbrane treatnent. These systens
are available at flowrates up to 30 gpm The VEW?2 systemis
shown in Figure 15.

8.6.4 Uni versal Recycled Water Systens Inc. Universal
provides units call ed Deluge Recycled Wash Water Plants, which
are designed to recycle washwater for small fleet wash operation,
and golf course equipnment. A typical systemconsists of a

coll ection tank, which provides settling of |large particles, a
cycl one separator, OA5, and sand filtration. For wash water
recycling, an activated carbon filter is provided to renove soap,
trace oils and other contam nants. Ozone is also provided for
reduci ng odors and bacterial growh. The systens range in size
from25 to 100+ gpm A schematic of the systemis provided in

Fi gure 16.
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Figure 13
LANDA' S Delta Washwat er Recycling System
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Figure 15
Pan Anerica Environnmental VEW?2 Washwater Recycling System
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