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ABSTRACT

Thi s handbook augnents six Water Environnent Federation (formerly
Wat er Pol lution Control Federation) nanuals selected by the
Departnent of Defense to serve as basic design guidance. These
Wat er Envi ronnment Federation (WEF) manual s address nobst topics
pertinent to wastewater treatnment system design. However, sone
topics inportant to mlitary facilities are not covered in detai
in the WEF manual s or require particular enphasis. This handbook
addresses those topics and includes the follow ng topic areas:
wastewater treatnent facility planning and desi gn devel opnent

(i ncluding regul atory conpliance and nmanagenent), wastewater fl ow
rates and characteristics, Navy wastewater collection and

transm ssion systens, oil and water separators, package plants
and small flow treatnment systens, |agoon systens, chem cal
storage and handl i ng consi derations, effluent disposal/

recl amation, solids conveyance and solids pretreatnent,

| aboratory facilities and sanple collection system design, and
corrosion control.
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FOREWORD

Thi s handbook is approved for use by all Departnents and Agencies
of the Departnment of Defense. It is intended to guide the reader
in the design of wastewater treatnent systens. Conmmerci al

equi pnrent and materials nentioned in this handbook are included
for illustration purposes and do not constitute an endorsenent.

Beneficial coments (recommendations, additions, deletions) and
any pertinent data which nmay be of use in inproving this docunent
or the WEF manual s should be submtted on the DD Form 1426

St andar di zati on Docunent | nprovenent Proposal and addressed

t hrough nmaj or commands t o:

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

Arny: HQ USACE/ CEMP- ET, 20 Massachusetts Avenue, Northwest,
Washi ngt on, DC 20314-1000.

Navy: NAVFAC Criteria Ofice, 1510 Glbert St., Norfolk, VA
23511- 2699.

DO NOT' USE TH S HANDBOOK AS A REFERENCE | N A PROCUREMENT DOCUMENT
FOR FACI LI TIES CONTRUCTION. I T IS TO BE USED I 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 IN M LI TARY OR FEDERAL
SPECI FI CATI ONS OR OTHER PROCUREMENT DOCUMENTS.
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WASTEWATER TREATMENT SYSTEM DESI GN CRI TERI A MANUALS

Criteria Manual Title Preparing Activity

M L- HDBK- 1005/ 9 I ndustrial and G ly NAVFACENGCOM 15C

El

Wast ewat er Contr ol

11C201 WAst ewat er HQ USACE- CEMP

Col | ection and Punpi ng

MIlitary-adopted commercial wastewater treatnent system gui dance
(Primary Design Guidance Docunent), published by WEF:

Desi gn of Municipal Wastewater Treatnent Plants (Mnual of
Practice [MOP] 8, Volunes | and Il) (Jointly published with
the Anerican Society of G vil Engineers [ASCE] as Report on
Engi neering Practice No. 76.)

Gravity Sanitary Sewer Design and Construction (MOP FD-5)
(Jointly published with ASCE as Report on Engi neering
Practice No. 60.)

Desi gn of WAstewater and Stormnater Punping Stations
(MOP FD-4)

Al ternative Sewer Systens (MOP FD- 12)

Exi sting Sewer Eval uation and Rehabilitation (MOP FD- 6)
(Jointly published with ASCE as Report on Engi neering
Practice No. 62.)

Wast ewater Di sinfection (MOP FD- 10)
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Section 1: | NTRODUCTI ON

1.1 Scope of This Handbook. This handbook suppl enents the
set of commercial design guidance docunents adopted by the
mlitary for use in designing wastewater treatnent facilities at
mlitary installations. That primary design set consists of six
manual s of practice (MOPs) published by the Water Environnent
Federation (WEF, formerly known as the Water Pol | ution Control
Federation). As an augnenti ng handbook, this guidance shoul d be
used in conjunction with those commercial nanual s.

Per sonnel responsible for designing fixed-base
wast ewat er treatnent systens, including experienced engi neering
personnel within the Air Force, Arny Corps of Engi neers (COE)
and Navy as well as contract architectural engineering (A E)
personnel, should refer to each of the six WEF MOPs and to this
augnent i ng handbook.

1.1.1 Use and Limtations. This handbook is a process design
gui de and does not address general plant design. |In designing
and constructing any wastewater treatnent facility, numerous
design details need to be considered. They include water supply
systens, lighting requirenents, service buildings and equi pnent,

| andscapi ng, and proprietary processes and equi pnent.
Requirenents for these design elenents are given in other
mlitary and service-specific publications.

Desi gn personnel should al so check current service
policy docunents for detailed instruction. Service-specific
directives take precedence over information contained in
t hi s handbook. Facility fencing and security guidance is
provided in M L-HDBK-1013/1, Design Quidelines for Physica
Security of Fixed Land-Based Facilities and M L-HDBK-1013/ 10,
Design CGuidelines for Security Fencing, Gates, Barriers, and
GQuard Facilities.”

1.1.2 Primary Desi gn Gui dance Docunents. The WEF manual s are
the primary technical guidance source for the design of

wast ewat er treatnment systens. The WEF set includes the foll ow ng
publ i cations, several of which are published jointly with the
Anerican Society of G vil Engineers (ASCE)
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a) VEF MOP 8, Design of Muinicipal WAstewater
Treatnment Plants (Volunmes | & I'l) (ASCE Report on Engi neering
Practice No. 76)

b) WEF MOP FD-5, Gravity Sanitary Sewer Design and
Construction (ASCE Report on Engineering Practice No. 60)

c) VWEF MOP FD-4, Design of Wastewater and Stor miater
Punpi ng Stations

d) WEF MOP FD-12, Alternative Sewer Systens

e) WEF MOP FD- 6, Existing Sewer Eval uation and
Rehabilitati on (ASCE Report on Engineering Practice No. 62)

f) WEF MOP FD- 10, Wastewater Disinfection

1.1.3 Augnent i ng Handbook. Thi s handbook gui des the reader
on those topics that are relevant to designi ng wast ewat er
treatment systens at mlitary facilities and that are not covered
in the WEF manuals. It also supplies information on topics
covered in the WEF set but deserving of special enphasis. Were
di screpanci es occur between this handbook and t he WEF manual s,
the information here takes precedence and shoul d be used.

To provide mlitary personnel with the nost up-to-date
informati on avail abl e, this handbook points the reader to
trai ni ng gui des, handbooks, and ot her docunents published by
authorities in the wastewater treatnent design field. The nost
recent edition of all referenced publications are considered to
be part of this handbook.

1.2 Organi zati on of Handbook. It is suggested that the
reader beconme famliar with the organization, content, and

i nt ended use of this handbook by first |ooking at the table of
contents. Next, the reader nmay page through the manual to get an
overall idea of the organization. For sone topics, the reader

wi |l be guided to published sources for additional detailed

i nformati on.

Appendi x A provides a directory of topics related to
process design. The directory, intended to serve as a Cross
reference for readers, lists each topic along with the WEF manual
chapter and/or M L-HDBK-1005/16 section in which it is discussed.
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1.3 Cancel l ation. This handbook replaces M L-HDBK- 1005/ 8,
Donesti c Wastewater Control, TM 5-814-3, and AFM 88-11 Vols. 1,
2, and 3, Donestic Wastewater Treatnent. M L-HDBK-1005/8 has
been inactivated, but wll be available through the Construction
Criteria Base (CCB) for reference on past projects. Hard copies
of TM 5-814-3 and AFM 88-11 Vols. 1, 2, and 3 should be retained
for reference on past projects.
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Section 2: WASTEWATER TREATMENT FACI LI TY PLANNI NG
AND DESI GN DEVELOPMENT

2.1 Introduction. There are a nunber of topics outside the
detail ed design of wastewater treatnent systens that al so nust be
addressed prior to design. The first two chapters of WEF MOP 8
contain general facility planning and desi gn devel opnent gui dance
for such areas as project sequencing and desi gn standards,
procurenent alternatives, defining objectives, and the future
trends in wastewater treatnent. This information is augnmented in
t hi s handbook section through a discussion of the follow ng

t opi cs:

a) A review of regulatory conpliance and nmanagenent
i ssues for addressing permtting needs and defining the |evel of
treatnent required

b) Facility planning activities, including the need to
conduct engi neering studies prior to design to establish the need
for new or nodified facilities, to develop the design basis for
those facilities, and to determ ne the nost efficient alternative
for achieving the objectives based on cost and non-cost criteria

c) Addi ti onal planning and budgeting activities that
shoul d be part of the design, such as the need for site-specific
&M manual s, facility startup training, and facility performance
testing

d) Ceneral design guidance regardi ng beneficial reuse
of solids, wastewater reuse, and considerations for cold climte
desi gn

Addi tional requirenments for planning and conm ssi oni ng
of wastewater treatnent plants are included in M L-HDBK- 353,
Pl anni ng and Conm ssi oni ng WAst ewater Treatnent Pl ants.
M L- HDBK- 353 1 ncl udes requirenents for progranmm ng, i ncluding
preparati on of a Requirements and Managenent Pl an (RAMP), design,
construction, inspection conmm ssioning, and performance
conmi ssi oni ng.

2.2 Regul at ory Conpliance and Managenent

2.2.1 Federally Owed Treatnent Wrks (FOTW). GCenerally,
FOTW are operated and adm nistered under simlar permtting and
operational provisions set forth for publicly owned treatnent
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works (POTWs). That is, these facilities conply with the
construction permtting, operational permtting, and effluent
di scharge and residuals handling permtting requirenments as
adm ni stered by individual states and/or the U S. Environnental
Protection Agency (EPA).

2.2.2 Permtting Requirenents. Permts are issued for the
construction or nodifications of FOTW, discharge of treated

ef fluent, discharge of stormmater runoff, and residual solids
managenent practices. These permts can be issued by Federal
(EPA), state, or local governnents. Sonetines all three |levels
of government issue separate permts. Mre often, the FOTW
operating permts are conbi ned.

Managed by the EPA, the National Pollutant Di scharge
El i m nati on System (NPDES) programissues NPDES operating permts
requi red before an FOTWcan di scharge any process water into
waters of the state. Many states are considered to have “NPDES
primacy,” meaning they are authorized to i ssue these permts.
Typically, states with this primacy will al so incorporate any
uni que state requirenents into the NPDES permt. Sone states
al so have their own di scharge permtting program This program
requires the permttee to obtain a state discharge permt in
addition to the NPDES di scharge permt. Local governnments may
have separate requirenents, so FOTWdesigners should check with
| ocal pollution control agencies to determ ne what | ocal
requi renents may al so pertain. FOTWdesigners will need to be
aware of all operating permt requirenents to effectively design
or nodify existing systens. In addition to wastewater, NPDES
permts can al so address stormmater and solids. Treated effluent
that is entirely disposed into the groundwater does not need an
NPDES permt to discharge, but it may be subject to NPDES permts
for stormmvater or solids. A valid NPDES permt will identify the
owner, describe the process, describe the discharge |ocation and
frequency, and contain specific and general conditions.

An NPDES permt is not a construction permt. |In sone
states, an owner may construct or nodify a facility, but it is a
violation to operate the nodified facility until a valid
operating permt is obtained. Qher states limt al
construction activities until the changes or nodifications are
approved. Any change or nodification to the process should be
reviewed with the permtting agency prior to inplenentation to
determine if a permt nodification is required.
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2.2.2.1 Stormwvater NPDES Permt. | n accordance with 40 CFR
122. 26, stormwater associated wth industrial activities is
managed under a separate stormmater NPDES program FOIW t hat
treat nore than 1 mllion gallons per day (ngd) (4 mllion liters
per day [M./d]) are included in the stormvater NPDES permtting
program as a categorical industrial facility. Al though
stormvat er could be included in the operating permt I|isted
above, nost facilities obtain a general stormwater NPDES permt.
This permit is maintained separately fromthe other permt and
woul d require special reporting or applications. Construction of
wast ewater treatnent plants over 5 acres in area wll require a
stormnat er construction permt.

2.2.2.2 Resi dual Solids Permt. FOTWresidual solids
managenent has recei ved special attention under the Code of
Federal Regul ations (CFR) 40 Part 503. Solids managenent will
typically be addressed as part of the FOTWoperating permt.
However, even if there is no discharge to state or Federal waters
and, consequently, no discharge permt, a separate permt for the
solids may still be required.

2.2.3 Permt Renewal. NPDES permts are valid for up to
5 years. Permt renewal applications nust be submtted 180 days
(about 6 nonths) before the expiration date. Ideally,

preparation for the application begins about 1 year before the
permt application is due. Preparation involves assessing plant
per formance and i nprovenent needs and conducting the necessary
pl anni ng and design required to keep the facility in conpliance.
Docunent this review in a Capacity Analysis Report and an
Operation and Mai ntenance Report, as described below. These
reports are typically prepared by |icensed engineering staff.
Each of these reports may take a couple of nonths to devel op and
may | ead to additional work, so a 1-year lead tinme is not

excessi ve.

If the permt renewal is due and the assessnents are
not conplete, the FOTWnust still apply 180 days before the
deadline. Failure to apply in a tinmely manner is a permt
violation. Changes to the permt can be applied for at any tine
during the permt duration. There may be an additional fee for
each permt nodification application. Conbining requests for
changes with the permt renewal application is often convenient.
If the existing permt is being violated regularly, the FOTW may
need to conduct the facilities planning assessnents described in
par. 2.5 and act before permt expiration.
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2.2. 4 Permt Application Forns. Contact the permtting
agencies to obtain the latest forns required for permt renewal
or changes. NPDES applications usually consist of a Form 1,
cont ai ni ng general owner information, and Form 2A, containing a
substanti al anount of wastewater treatnent plant information.
These fornms require historical plant operation data and nuch of
the sane information required for the Capacity Anal ysis Report
and the Operations and Mii ntenance Report. The Federal

gover nnment does not charge a fee, but state and | ocal agencies
may assess application-processing fees.

2.3 Governing Effluent Limtations. |n planning any
wastewater treatnent facility, 1t is essential that the specific
set of effluent imtations the facility will be required to neet
is defined at the start of the planning process. Potential new
requirenents for effluent limtations should also be identified
so they can be considered in the planning and design of the
facility.

2.3.1 Current Trends in the Wastewater | ndustry That Affect
Effluent Permtting. The regulatory agencies (either state

and/ or EPA) responsible for the issuance of discharge permts are
i npl enmenting nore conprehensive prograns to ensure protection of
the water quality standards of the state’'s streans. In addition,
the regul atory agencies are inplenenting basinw de permtting
prograns designed to bring streans that have been identified as
not currently neeting water quality standards into conpliance.
Thi s program eval uates all sources of pollution (point and
nonpoi nt sources); through the devel opnment of total maxi mumdaily
| oads (TMDL) for the watershed, the program all ocates all owabl e
di scharge levels fromall sources within the drai nage basin.

This could nean that nore restrictive effluent limts will be

pl aced in discharge permts. The use of TMDL in the permtting
process will be prevalent in the future. As facilities go to
basi nwi de permtting, permt renewals may occur over a period of

| ess than five years.

2.3.2 Water Quality Standards. Effluent limts contained in
the NPDES permt are devel oped by the permit witer and are
normal |y based on state water quality standards for the receiving
stream These effluent limts are called “water quality-based
effluent limts.” These are generally nore stringent than

t echnol ogy- based standards. Each streamin the state is
classified in the water quality standards according to its

exi sting or potential uses. Specific and general standards apply
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to each classification. These standards are then used to devel op
the effluent limts for the discharger.

The inclusion of water quality-based effluent limts in
the permt is based on a review of the effluent characterization
presented in the discharger’s permt application (EPA Form 2C).
This review, conducted by the permt witer, assesses the
presence of conpounds that could violate the water quality
standards. For these conpounds, permt limts will be identified
wher ever possi bl e.

2.3.2.1 Waste Load Allocation. Mst NPDES permts include
[imts on oxygen-demandi ng substances (such as carbonaceous

bi ochem cal oxygen demand [ CBOD] and amoni a). Devel opnent of
these limts is typically based on a waste | oad allocation for
the receiving stream Streamnodeling is used to assess the
assimlative capacity of the stream based on the applicable

di ssol ved oxygen (DO) standard. This capacity is then all ocated
anong all the dischargers in the area. Generally, sonme portion
of the streanis capacity is reserved for future dischargers.

Waste | oad allocation nodeling typically consists of a
desktop effort for small discharges and a calibrated and verified
nodel based on field nmeasurenents for |arger discharges.

Model i ng can be performed by the discharger or by the state
agency. Regardless of who perforns the nodeling, the results
receive a detailed review by both the state and t he EPA
Typically, these results are put out for public coment. |In many
cases, the public coment period is concurrent with the public
notice for the NPDES permt.

2.3.2.2 Chem cal - Specific Criteria. Water quality-based
effluent limts can be based on chem cal -specific criteria from
the water quality standards (such as for netals or toxics) or on
general narrative criteria. Specific criteria are used to
develop effluent limts, and in many cases an all owance for
dilution in the receiving streamis provided. Typically, sone
portion of the 7QL0 | owflow (the seven-day | ow stream fl ow
projected to recur every ten years) for the receiving streamis
used for dilution purposes. Background concentrations in the
receiving streamnust al so be considered in these cal cul ati ons.
Where the 7QL0 lowflowis zero, the criteria will apply at the
poi nt of discharge, prior to any dilution. |In these cases it may
be nore economical to go to zero-di scharge systens, reuse, or

al ternate di scharge points.
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2.3.3 Wastewater Effluent Toxicity. Effluent limts to
mnimze the toxic effects of discharges on aquatic |life are

i ncreasingly being added to NPDES permts. These limts can
apply to specific aquatic life or can contain general criteriato
[imt toxicity.

2.3.3.1 Aquatic Life Criteria. For aquatic life criteria,
acute or chronic values apply. The application of acute versus
chronic criteria depends on a nunber of itens, including the use
classification and the available dilution in the receiving
stream Generally, if the available dilution is greater than
100 to 1, the acute criteria apply.

2.3.3.2 Ceneral Narrative Criteria. An exanple of a general
narrative criteria foll ows:

Toxi ¢ substances shall not be present in receiving waters,
after mxing, in such quantities as to be toxic to human,
animal, plant or aquatic |ife or to interfere with the
nor mal propagati on, growth and survival of the indigenous
aquatic biota.

To address this narrative criteria, nost states apply a
whol e-effluent toxicity requirenent in the permt. The whol e-
ef fl uent approach to toxics control for the protection of aquatic
life involves the use of acute and/or chronic toxicity tests to
measure the toxicity of wastewaters. The acute test assesses the
lethality of the wastewater to the test organisns and is
typically conducted for 96 hours or less. The chronic test
assesses grow h and reproduction in addition to lethality and is
typically conducted over a 7-day period. Whole-effluent toxicity
tests use standardi zed surrogate freshwater or marine plants,
invertebrates, and vertebrates. The test is run at the sane
dilution as is allowed for the wastewater in the receiving
stream |If the criteria cannot be net, a toxicity reduction
eval uation of the discharge nust be conduct ed.

2.3. 4 Negotiation of Effluent Limts. Careful review by the
di scharger of the specific basis used for the water quality-based
effluent limts is advisable. In many cases, the basis used to

develop the effluent limts is open to negotiation. Potential
changes to the effluent limtations should al so be discussed with
the regul atory agency. In many cases, future limtations may
affect the initial selection and design of treatnent processes.
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2.3.5 Wast ewat er Reuse. Two general categories of wastewater
managenent exist: wastewater disposal and wastewater reuse.
Several states and communities have, for decades, been pronoting
the beneficial reuse of wastewater as a way of reducing both

wat er demands and wast ewat er di sposal to the environment.
Wastewater treated to appropriate standards and reused is often
referred to as reclainmed water. The nbst comon reuse projects

i nvol ve the use of reclained water for irrigation purposes

(e.g., golf courses, residential, and comercial). Oher uses of
reclaimed water may include fire protection, |andscape features
(ponds or fountains), and industrial supply. GCenerally, a
project is considered a reuse project only if the reclainmed water
di scharge enhances the environnment or replaces or generates a
future potable water supply. A groundwater nonitoring plan is
often required as part of a reuse systemto denonstrate that
conpliance wth appropriate groundwater quality standards is

mai nt ai ned t hroughout normal operation of the reuse system

G oundwat er di scharge is sonetines referred to as
“groundwat er recharge” and may be considered reuse if it is used
to replenish a freshwater aquifer. However, contam nation of a
potential drinking water supply may be a concern. G oundwater
recharge may be in the formof slowrate infiltration (e.g., land
application) or rapid rate infiltration (e.g., through injection
wel I's or percolation ponds). Most |and application projects that
rely on groundwater infiltration for effluent disposal would be
consi dered di sposal projects, not reuse projects, unless it can
be denonstrated that the groundwater infiltration is beneficially
rechargi ng a usabl e aquifer w thout degrading the quality of the
aqui fer for future potable or nonpotable uses. Rapid rate
infiltration reuse projects may include banking of reclained
wat er to augnent future reuse systens, or saltwater intrusion
barriers to protect or enhance future potable or nonpotable
groundwat er supplies. Deep well injection to a saltwater aquifer
is not typically considered to be reuse; however, injection wells
may provide an inportant conponent of a reuse systemto allow for
di sposal of excess wet weather flows.

Any di sposal to natural surface waters is considered an
NPDES di scharge and will be subject to all applicable rules.
If this discharge is to a saltwater body, no reuse can be
denonstrated. However, if the discharge is to a freshwater body
that is subsequently used for indirect potable or nonpotable
wat er supplies, such as a golf course pond, a beneficial reuse
may exist as long as no water quality degradation has occurred.

10
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2.3.6 Land Disposal. Disposal of wastewater effluent on the
| and may be an alternative where no acceptable surface water

di scharge exists or where treatnment requirenents for a surface
wat er di scharge would be too restrictive. No NPDES permt is
required for land application, but a state permt is normally
required. |If land is available and | and application appears to
be a feasible option, treatnment and di sposal requirenents nust be
coordinated with the appropriate regulatory agency. An FOTW not
covered under an NPDES permt is subject to Resource Conservation
Recovery Act (RCRA) regulations if it receives hazardous waste.

2.4 Design Requirenents for Cold imates. Sone mlitary
installations are |l ocated in areas of extrene cold, including
arctic and subarctic regions. Because extrenme cold significantly
affects the design and operation of wastewater facilities,
speci al considerations are required when facilities are to be

| ocated in these conditions. Detailed information on cold

weat her design is presented in the technical nanual T™M
5-852-1/ AFR 88-19, Volune 1, Arctic and Subarctic Construction
Ceneral Provisions. Additional information is provided in Cold
Regions Uilities Mnograph, American Society of Cvil Engineers,
1996.

The effects of extrene cold on wastewater facilities
can be grouped into three categories:

a) Construction. Because of soil conditions such as
permafrost, special considerations should be given to the
construction of facilities, particularly for collections systens.
Al ternatives include aboveground pipelines and conbined utility
systens called “utilidors.”

b) Freezing. Mny of the normal conponents of
wastewater facilities, such as influent screening, grit renoval,
and primary treatnment, are subject to freezing in extrenely cold
regions. These facilities will typically need to be encl osed or
covered, and aboveground tanks may require insulation. Design
bi ol ogi cal processes such as | agoons and ponds to withstand the
effect of ice, and use subnerged aeration systens.

c) Processes. Both chem cal and bi ol ogi cal processes
are negatively affected by extrene cold. Chemcal reaction rates
are generally slower at |ow tenperatures, and chem ca
solubilities are reduced. The rates of biological reactions are
al so reduced greatly, which affects the sizing of biological
treatment processes. |In general, processes with long retention

11
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tinmes are required to provide adequate treatnent. The bi ol ogi cal
processes that have been used nost successfully in cold climtes
i ncl ude | agoons or ponds, either facultative or aerated,
activated sludge with long solids retention tinmes, and attached
grow h systens. Attached growh systens such as trickling
filters and rotating biological contactors should not be used

unl ess they are adequately encl osed and protected fromthe cold.
Suspended growt h systens with short solids retention tinmes such
as conventional activated sludge should al so be avoi ded.

In addition to the direct effects of cold on the design
and operation of wastewater facilities, wastewater
characteristics will generally differ fromthose in tenperate
regions. Wastewater in arctic and subarctic regions typically
will be primarily donestic in nature and higher in strength than
at conparable facilities in other regions.

2.5 Facilities Planning. M L-HDBK-353 describes the

pl anni ng required for preconm ssioning a wastewater treatnent
facility. The sections bel ow describe reports to be prepared as
part of the facilities planning process.

2.5.1 Capacity Analysis Report. This report docunents the
predicted future flows and loads within the treatnent facility,
and eval uates the capacity of existing unit processes to reliably
treat those | oads for the next permtting cycle. The historical
flows and the treatnent performance of the previous 5 years need
to be analyzed. The CBOD and total suspended solids (TSS) | oading
(in pounds per day) also need to be verified. Population and fl ow
and | oad projections are then made to estimate future | oads, based
on projected growh from changi ng or expanding m ssions. The
capacity of each unit process needs to be determned. Note that

t hese capacity assessnents may al ready have been done for past
renewal s. However, the capacity rating of each process needs to
be checked against the |latest |oadings and flow Reliability and
backup provisions nust al so be adequate.

Finally, an assessnent of the future 5-year flow and
| oads needs to be conducted. If the plant is undersized, an
expansion needs to be initiated and a Prelim nary Engi neering
Report for inprovenents devel oped. Higher discharge | oads w !l
al so precipitate additional permt application requirenents to
address anti degradation issues. Modeling of the effluent may be
required to evaluate the inpact of the discharge on the water
quality of the receiving streamand to devel op appropriate

12
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effluent limts for the discharge. These limts would have to be
incorporated into the state’s 208 Water Quality Managenent Pl an.

2.5.2 Operation and Mi ntenance Report. This report reviews
pl ant operations data over the last permt cycle to evaluate
needed i nprovenents to the facility. Any upsets or spills need
to be reviewed to determ ne the cause and possi bl e sol ution.
Sone water quality exceedances nmay be a result of operation
practices and need to be reviewed. The condition of the
facilities, such as the need for painting and other routine

mai nt enance, is evaluated. Sone needs may require changes to the
process or construction approval. Permt renewal is a good tinme
to include nmajor changes. However, not every mnaintenance item
needs to be reported to the agencies. Confirmation fromthe
agency on which itens need permtting is recormended after the
Oper ati on and Mai ntenance Report is conpleted.

2.6 Programm ng. M L-HDBK- 353 descri bes progranmm ng
requi renents for planning and conmm ssi oni ng wast ewat er
facilities. A RAWMP nust be finalized prior to designing a
project. ETL 95-2, Preparation of Requirenents and Managenent
Pl an Packages for MIlitary Construction (M LCON) Program

Proj ects, provides guidance on preparation of RAMP packages.

2.7 Prelimnary Engineering Report. After a RAVP is
finalized, a Prelimnary Engineering Report should be prepared.
This report should be prepared as part of the programm ng phase and
before design initiation. The Prelimnary Engi neering Report wll
outline what changes are required to attain or maintain conpliance.
Typically, this report will contain a summary of the future flows
and |l oads to be treated (fromthe Capacity Anal ysis Report),

a review of any alternative evaluations used to select the
appropriate treatnent technol ogi es, and a conceptual -1 evel design
for upgraded facilities. A professional engineer sizes and plans
for appropriate process changes. The Prelimnary Engi neering
Report is sonetinmes submtted as part of the construction permt
application. Sone states may require final construction draw ngs
bef ore approving the changes, while others may i ssue a construction
permt based solely on the Prelimnary Engineering Report. The
Prelim nary Engineering Report should include, as a mninmm the

i nformati on di scussed in the foll ow ng subparagraphs.

2.7.1 Design Basis. Present the design basis for the
proposed wastewater facilities, including the foll ow ng:

13
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a) Service Area Description. Define the area and
users to be served by the proposed facilities. Any known users
that are to be excluded fromthe service area or that wll
require pretreatnent prior to discharge to the wastewater
facilities should be identified.

b) Proj ected Fl ows and Loads. Sunmarize wastewater
flows and | oads to be handl ed by the proposed facilities in
accordance with Section 3 of this handbook and as defined in the

par. 2.5.1, Capacity Analysis Report. Ildentify major industrial
and ot her significant discharges, such as ship holding tank
di scharges. 1In general, provide flows in 5-year increnents over

the planning period for the facilities. A 20-year plan should
normal |y be used for evaluating wastewater facilities.

c) Ef fluent Requirenents. Provide tentative effluent
limtations based on review of regulatory requirenents and
di scussions with the governing regul atory agency. Potenti al
future changes to the effluent limtations should al so be
di scussed.

d) Resi dual s Sol i ds Handl i ng Requi renents. Provide
antici pated di sposal nethods for residual solids and associ ated
regul atory requirenents. Methods may include current practices
such as landfilling and | and application.

e) O her Regul atory Requirenents. Identify other
regul atory requirenents that may affect the facility' s eval uation
and design, including reliability requirenents, air pollution
st andards, noi se ordi nances, and hazardous material storage and
handl i ng requirenents.

2.7.2 Al ternatives Evaluations. |In general, alternatives

eval uations should be perforned to determne the facility
configuration and processes that will nost cost effectively neet
the requirenents identified in the design basis. In sonme cases, if
a facility is being expanded and it is designed for expansion using
the same processes, only Iimted evaluations may be required (such
as alternative equipnment selections). However, if an analysis to
determ ne cost effectiveness is not performed, the basis for

sel ecting the proposed facilities should still be docunented.

Eval uate alternatives for liquid treatnment processes to
meet effluent limtations and solids treatnment processes for
handl i ng and di sposing of residuals. Wen evaluating |iquids
treat ment processes, consider how the processes will affect the

14
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gquantity and characteristics of residuals. |In addition, recycle
flows fromsolids handling and treatment processes can
significantly affect |liquids treatnent processes and shoul d be
eval uat ed.

As an alternative to new or nodified facilities,
consider tying into existing POTW by evaluating life-cycle
costs. Consult service policies ontie-in criteria. |In general,
al ternatives should be evaluated using a cost anal ysis that
considers both life-cycle costs and other non-nonetary eval uation
criteria.

2.7.2.1 Life-Cycle Costs Evaluation. Evaluate alternative
wast ewat er processes and facility configurations using order-of -
magni tude costs and a life-cycle cost evaluation, which includes
the foll ow ng:

a) Capital costs, including construction costs and
associ ated | egal, engineering, and adm nistrative costs

b) Annual O8M (operation and mai nt enance) costs
estimated for the planning period of the project, usually 20
years

c) Repl acenent costs for equi pnment and facilities
during the planning period

d) Sal vage val ue and denolition or decomm ssioning
costs for facilities at the end of the planning period

e) Total present-worth costs or other conparative
costs in present-day dollars for Itens a through d

Capital costs, annual O&M costs, and total present-
worth costs should be presented for each alternative.

2.7.2.2 Non- Monet ary Eval uation. Alternatives should al so be
eval uated using non-nonetary criteria, which should be
established with input from key personnel responsible for the
construction and operation of the proposed facilities. Table 1
presents several non-nonetary evaluation criteria.

Eval uation using non-nonetary evaluation criteriais
| argely subjective and, therefore, should be done with the
participation of key personnel. |If desired, non-nonetary
criteria can be weighted, and each alternative can be ranked for
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each criterion. A total non-nonetary ranking can then be
established for each alternative.

2.7.2.3 Aternatives Selection. Select alternatives based on
the | owest total present-worth costs unless there are overriding
non-nonetary factors. |If alternative costs are conparabl e, use
the non-nonetary criteria to select the best alternative.

Table 1
Non- Monetary Evaluation Criteria

Criteria Comrent s
Qperability
Ease of operation M nim zes operator attention/expertise

required to ensure successful process
per f or mance

Ease of mai ntenance Mai nt enance requirements not excessive
and do not require special expertise;
facilities and equi pnment readily
accessi bl e

Qperator famliarity |[Staff famliarity and ability to use
staff experience from existing
facilities
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Table 1 (Conti nued)

Non- Monetary Evaluation Criteria

Criteria

Coment s

Reliability

Denonstr at ed
per formance

Hydraulic sensitivity

Wast e | oadi ng
sensitivity

Process contro
stability

Flexibility

Envi ronnental Effects
CQdor
Noi se
Vi sual inpacts

Ef fects on fl oodpl ain
Ef fects on wetl ands

Foot pri nt

Expandability
Foot pri nt
Flexibility

Proven process/technol ogy to neet
limts reliably

permt

Capability to handle variations in
hydraulic | oads with m ni mal process
i npact s

Capability to handl e variations in waste
| oads with m ninmal process inpacts

Not subject to upset from i nadvertent
oper ati onal changes, toxic sl ugs

Capability for changes in process
operations to handle differing waste | oad
conditions and to neet differing
treatment objectives for different

ef fluent requirenents

M nim zes potential for odors

noi se

i npact

M nim zes potential for

Mnim of

facili

zes
ty

negative visua

M ni m zes changes to fl oodpl ain

M ni m zes changes to wetl ands

M ni m
site,

zes footprint
i ncl udi ng renoval

and disruption to
of trees, etc.

Maxi m zes area avail abl e for expansion

Easily nodified to neet
| oads, effluent requirenents,
treatment objectives

differing future
and/ or
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2.7.3 Recommended Pl an. Describe the reconmmended pl an for
the wastewater facilities based on the alternatives eval uation.
This will consist of a conceptual design for the recomended pl an
and shoul d i nclude the foll ow ng:

a) Process design criteria and prelimnary sizing of
process facilities and equi pnent

b) Prelimnary hydraulic profile based on the peak
design fl ow

c) Prelimnary nmass bal ance for plant show ng process
performance and residual s production based on design | oadi ngs

d) Site layout showi ng | ocation of major facilities
e) Prelimnary | ayouts for nmjor process facilities
f) Overall electrical feed and distribution plan

g) Overall instrunentation and control plan
indicating the type of system proposed and maj or process control
and nonitoring functions

h) Specific provisions to neet other regul atory
requi renments such as stormnat er drainage and treatnent

2.7.4 Beneficial Reuse of Solids. Consider beneficial reuse
when evaluating alternatives for the disposal of residual solids
fromwastewater facilities. Stabilized solids from biol ogica
treat nent processes are commonly applied to agricultural |and,
where they can inprove crop production. Biological solids can
al so be further treated by conposting or other processes to
produce material that is acceptable for public use for

horticul tural and | andscapi ng purposes. Industrial wastes such
as heavy netals can limt the feasibility of beneficial reuse,
which is one reason for elimnating, reducing, or pretreating

i ndustrial wastewaters prior to their discharge to the FOTW

The di sposal of residual solids is regulated by 40 CFR
Part 503. This regul ation specifies the treatnent and di sposal
requi renents for beneficial reuse of residual solids. There are
two general types of solids, Cass A and Class B, which are
classified based on the |l evel of solids treatnent provided and
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the characteristics of the solids. Cass A and B solids can be
applied in bulk formto agricultural |and, forests, or
reclamation sites. Class A solids can also be applied in bulk
formto | awmms or gardens, or sold or given away in bags or other
cont ai ners.

For additional information on the Part 503 regul ations,
refer to EPA/ @5/ R-92-013, Environnental Regul ations and
Technol ogy: Control of Pathogens and Vector Attraction in Sewage
Sl'udge (Including Donestic Sewage) Under 40 CFR Part 5083.

2.8 O&M Manual s. Every wastewater facility should have a
site-specific, up-to-date O&%M manual to provide guidance to the
facilities staff. Regulators generally require these manual s;
see M L-HDBK-353 for additional requirenments. As part of any
wastewater facilities construction or expansion project, prepare
a new manual or update or supplenent the existing manual to
include the new facilities. O&M manuals will generally consi st
of two major parts: the operations manual, which is normally
prepared by the designer of the facilities, and a mai ntenance
manual , whi ch includes the equi prment nmanufacturer’s
recomendati ons and procedures for maintenance.

2.8.1 Operations Manual. The operations portion of the O%M
manual should normally be prepared by the design engineer. The
operations manual should include the follow ng:

a) Pl ant desi gn basis, including design flows and
| oads, hydraulic profile, mass bal ance, and effluent limtations.
I nclude all current permt requirenents.

b) Overall description of each process, its purpose,
and configuration.

c) Process data sunmary presenting process design
criteria, basin/tank sizes, and equi pnment type, size capacity,
hor sepower, speed, and manufacturer.

d) Process schenmatics showing all normal and
alternative flow paths, valving, and instrunentation and
control s.

e) Operating procedures, including process startup,

shut down, nornmal operations, and energency operations, if
appl i cabl e.
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f) | nstrunentation and control system description,
i ncluding locations and functions of all operator interfaces.

g) Process control procedures, including required
testing and cal cul ati ons necessary to nonitor and control
process. ldentify potential operational problens, causes, and
corrective procedures.

h) Unl ess included el sewhere, sanpling and | aboratory
procedures and requirenments for recordkeeping.

i) Unl ess included el sewhere, safety procedures
i ncludi ng those for storage and handling of any hazardous
materials used on site, electrical hazards, confined space entry,
and all other applicable safety-related topics.

2.8.2 Mai nt enance Manual. The mai nt enance manual portion of
the O&M manual primarily provides information on procedures for
mai nt ai ni ng, troubl eshooting, and repairing facility equi pnent.
This information should be provided by the equi prment

manuf acturers as part of the construction contract, which should
specify the mnimuminformation required. The contractor shoul d
be required to conpile the maintenance information into a single
manual for the facility. Maintenance manual s shoul d cover

equi pnent, controls, accessories, conponents (e.g., notors, speed
reducers), and appurtenances. M L-HDBK-353 defines requirenents
for mai ntenance manuals. Mnuals should include the foll ow ng

i nformati on:

a) Di agrans and il lustrations.

b) Det ai |l ed description of the function of each
princi pal conponent of any system

c) Perf ormance and nanepl ate data of each conponent.

d) Nanme, address, and tel ephone nunbers of the
foll ow ng: manufacturer, manufacturer's |ocal representative,
nearest parts supply house, and nearest repair service.

e) Installation instructions.

f) Procedure for starting.

g) Pr oper adj ust nent .
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h) Test procedures and results of factory tests where
required.

i) Procedure for operating, including both individual
conponents and the entire system (where the manual is for a

systen).

1) Shut down i nstructions for both short and extended
durati ons.

k) Enmer gency operating instructions.

[) Tr oubl eshooti ng gui de including conmon probl ens,
synpt ons, causes, and renedi es.

m Saf ety precautions.

n) Mai nt enance and overhaul instructions, illustrated
with detailed assenbly drawi ngs clearly show ng each part with
part nunbers and sequentially nunbered parts list. |Include

instructions for ordering spare parts as well as conplete
preventive mai ntenance and overhaul instructions required to
ensure satisfactory performance and | ongevity of equi pnent.

0) A current, dated, conplete price list.

p) Lubrication instructions and di agrans show ng
points to be greased or oiled; recommended type, grade, quantity,
and tenperature range of |ubricants; and frequency of
| ubrication, including the identification of the appropriate
[ ubricant(s).

q) Li st of electrical relay settings and control and
al arm cont act settings.

r) El ectrical interconnection wiring diagramfor
equi pnment furnished, including all control and |ighting systens.

S) El ectrical control diagrans.
t) Resul ts of performance tests.

u) Copies of all warranties/guarantees, wth warranty
start date(s).
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Li st of reconmmended spare parts, including the

recommended quantity for the total nunber of pieces of equi pnent
supplied for the project.

w)

Li st of spare parts and special tools provided for

the project and the retail value of sane.

X)
par. 2.8.3.

Mai nt enance summary form as specified in

2.8.3 Mai nt enance Summary Fornms. A summary of criti cal

mai nt enance 1 nformation should be provided for all equipnent.
Provide this information on a standard formthat is readily
usabl e. Maintenance summary fornms al so can be used as a data
input formfor conputerized nmai nt enance managenent systens. The
follow ng el ements nmake up a typical maintenance summary form

a)
b)
c)
d)
e)
f)
9)

manuf act ur er'

h)

S

&M i dentification nunbers

Equi prent i tem nanme

Equi prent i dentification nunber

Manuf act ur er

Wei ght of individual conmponents (over 100 pounds)
Nanmepl ate data (hp, voltage, speed, etc.)

Nanme, address, and tel ephone nunber of the
| ocal representative

A list of maintenance requirenents specifying each

requi red mai ntenance operation (refer to manufacturer's
mai nt enance manual , if applicable); the frequency of each
mai nt enance operation; any lubricants, if applicable; and
pertinent comrents

1)

A list of several equivalent lubricants, as

di stributed by each manufacturer for the specific use

reconmended,
requirenents

for each of the lubricants listed in the mi ntenance

A recommendation of the type and nunber of spare

parts that should be kept in stock
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2.9 Startup Training. Training of facility staff is
necessary before new wastewater facilities are started up.
Dependi ng on the experience of the staff, and their famliarity
with the proposed facilities, training should include the
fol | ow ng:

a) Equi prent O&M Trai ning. This training should be
provi ded by the equi prent manufacturer, nornally as part of the
construction contract. It should include all procedures
described in the O%M manual s provi ded by the manufacturer

b) Process Training. Were new or unique treatnent
processes are being constructed, operations staff should be
trained on the basic principles necessary for adequate process
control. For exanple, if a new biological nutrient renova
process is being constructed, staff should be given training on
t he basic m crobiol ogical reactions that occur to produce
nutrient renoval as well as the process nonitoring and operations
necessary to control the process.

c) Operating Procedures. Review the operating
procedures for all processes, including startup, shutdown,

normal , and emergency procedures, if any. |Include both classroom
trai ning and hands-on training where the operators can see which
val ves to operate, which control panels to nonitor, etc. |Include

operator interface with the instrunentation and control system

d) Safety Procedures. Review safety procedures for
all new facilities based on existing procedures. Ildentify
potenti al hazardous areas, such as confined spaces and hazar dous
chem cal storage areas, and review safety procedures. Locate
safety devices, such as safety showers, first-aid equipnent,
energency repair kits, and self-contained breathing apparat us,
and review procedures for their use.

e) Sanpling and Testing Procedures. Review new
requi renents for sanpling and testing within the facility.

2.10 Performance Testing. New facilities should be tested
for acceptabl e performance both before and after startup. To the
extent possible, the follow ng testing should be perfornmed before
begi nning treatnment of wastewater. Witten docunentation should
be prepared for all performance testing, which should include the
fol |l om ng checks:
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a) Equi prent Performance Testing. Check all
equi pnent for proper installation, alignnent, snooth operation,
non- excessi ve power draw, etc. Conduct tests to confirm
equi pnent performance as specified in contract docunents. For
exanpl e, for punps, use clean water, punp under design conditions
and confirmthat flow rate, operating pressures, and power draw
meet specified requirenents.

b) I nstrunentation and Controls. Confirmthat al
instrunmentation and controls operate as specified, including
nmonitoring, control, and alarmfunctions. Sinulate alarm
conditions and verify control set points.

c) System Performance. Operate systens and confirm
that all conponents, interlocks, controls, and the overall system
perform as specified.

After startup of the facility, review the perfornmance
of the facilities according to the facility design. To the
extent possible, unit processes should be | oaded to design
conditions to determne that they are perform ng adequately.

For exanple, if initial flows are one-half the design flow, one-
half the facilities should be used to sinulate design conditions.
In addition, to confirmthat plant effluent limtations are
reliably nmet, evaluate unit process efficiencies such as the
efficiency of aeration systens, chem cal usage rates, dewatered
solids concentrations, and ot her process performnce conponents
that will significantly affect operation and mai ntenance costs.
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Section 3: WASTEWATER FLOW RATES AND CHARACTERI STI CS

3.1 I ntroduction. Estimating wastewater flow rates and
characteristics is an essential step in the design of wastewater
facilities. |If the wastewater to be treated exists, take flow
measurenents and test the wastewater. |f the wastewater to be
treated is not existing, or if significant increases in the
wastewater flows are projected, estimate fl ows and
characteristics by using data fromsimlar facilities or from
the information provided here and in WEF MOP 8 (Volunes | and 11)
and WVEF MOP FD- 5.

In addition to conventional donestic wastewater, there
is a small conponent of industrial wastewater discharges unique
to mlitary installations, including ship discharges and certain
i ndustrial flows such as vehicle/aircraft wash facility
wast ewater. Al so, because of the unique nature of mlitary
operations, which can vary considerably and may be intermttent,
wastewater flows will exhibit significant variations that nust be
considered in the design of wastewater collection and treat nment
facilities.

3.2 Wast ewat er Sources and Characteristics. Table 2 shows
the typical major conponents of wastewater carried by sanitary
sewers at mlitary installations.

3.2.1 Donesti c Wastewater Flow. Donestic wastewater is a
typi cal conponent of wastewater, both mlitary and nonmlitary.
As indicated above, donestic wastewater is the normal wastewater
produced by the donestic activities of people (i.e., flows from
toilets, urinals, showers, sinks, washing machi nes, dishwashers,
etc.). Sources of these flows wll include both residential
popul ations that are housed at mlitary installations and
personnel or enployees who only work at the installation.

In addition, the resident or work popul ati on may i ncrease
periodically or intermttently because of the nature of the
mlitary installation.

3.2.2 Infiltration and Inflow. Infiltration and inflow (1/1)
is the extraneous water from either groundwater or surface water
runof f sources which enters the collection system and becones a
conponent of the wastewater flow and which is conveyed and
treated at the wastewater treatnent facility. Depending on the
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condition of the sewer system these flows can have a major
i npact on peak flows and wastewater facility sizing.

Tabl e 2
Types and Origins of Wastewater at MIlitary Facilities

Type aigin

Donestic flow Hones, schools, hospitals, dining
facilities, recreation and entertai nnment
facilities, clubs, commercial stores,

| aundry facilities, barracks, offices, and
sanitary flow from shops and industri al
facilities

Infiltration Leakage of groundwater into sewers through
joints, manhol es, foundation drains, and
damaged or defective sewer pipes

I nfl ow Leakage of surface drainage into sewers
t hrough manhol e covers, roof drains, and
ot her surface drai nage connections

| ndustrial flow Process wastes fromfacilities such as

shi pyards, air stations, rework/rebuild
facilities, shops (paint, netal plating,
etc.), industrial laundries, |aboratories,
and vehi cl e mai nt enance and washi ng
facilities

Shi p di scharge Hol di ng tanks on shi ps

In sonme instances, repairing or replacing collection
system conponents, prinmarily to elimnate or reduce inflow, my
be cost effective. Reducing I/l wll reduce both the
construction costs and the O&M costs for wastewater facilities.
However, sewer rehabilitation projects have often reduced |/
| ess than projected, often because rehabilitating a portion of a
systemresults in increased I/l at other locations. Therefore,
conservative estimtes of potential I/1 reduction should be used
when determning if a rehabilitation project is feasible. WEF
MOP FD- 6 descri bes the nethodol ogi es for eval uating sewer system
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/1 and potential alternatives for rehabilitating systens with
excessive /1.

3.2.3 | ndustrial Wastewater. Depending on the specific
activities at a mlitary installation, there my be sources of

i ndustrial wastewater that nust be treated. Sone industri al
activities produce wastewater that contains high concentrations
of toxic and hazardous pollutants such as heavy netals; there
pollutants may not be readily treated by the conventi onal

treat nent processes used for donestic wastewater treatnent.
Pol | uti on prevention prograns are being inplenented to mnim ze
or elimnate these waste streans. Even wth these prograns, sone
i ndustrial processes will still require either a separate
treatnment facility or some formof pretreatnent before the
wastewater is discharged to the sanitary sewer system \Wen
industrial flows are significant, bench-scale or pilot-scale
treatment eval uations may be required to determ ne the best

met hod of treatnent.

Addi tional information on industrial processes, their
wast ewat er characteristics, industrial discharges typical in
mlitary installations, and alternative treatnent nethods are
provided in TM 5-814-8, Evaluation Criteria Guide for Water
Pol | uti on, M L-HDBK-1005/9, Industrial and O ly Wastewater
Control, and M L-HDBK-1005/17, Industrial Pretreatnent Design and

Nondonesti ¢ Wast ewat er Control Handbook.

3.2.3.1 Vehi cl e and Aircraft Mi ntenance and Wash Facilities.
Washing is often performed wth detergents and corrosion

i nhi bitors, using brushing and hi gh-pressure water rinses.
Wastewaters fromvehicle and aircraft maintenance and wash
facilities can be a significant conponent of wastewaters at
mlitary installations. A typical conponent of these wastewaters
that may inpact wastewater facilities is oily waste. QG ly wastes
can be caused by spills of various vehicle oils into building
drains or by washing oily wastes fromvehicles or aircraft. 1In
addition to oily wastes, wastewaters from vehicle wash facilities
may contain large quantities of suspended solids. The suspended
solids in this wastewater are generally heavier than typica
donestic wastewater solids and, as a result, will tend to settle
out in the collection system

To mnimze the potential inpacts of oily wastes and
solids from mai ntenance facilities, the follow ng actions shoul d
be consi dered:
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a) El i m nate nonessential floor drains in maintenance
bays by pluggi ng them

b) | mpl enent oil use and recovery pl ans.

c) For spill cleanup, use dry absorbents and di spose
of as solid waste.

d) | f necessary, route drains through an oil/water
separator prior to discharge to the sanitary sewer.

e) Segregate waste streans and recover wastes where
possi bl e.

f) Wer e approved, inplenment the use of nonpersi stent
enul si fying degreasers, which should help mnimze enmulsified
oils. In addition, substitute degreasers with hot water/high-
pressure washers where applicable. Consider end-use of pressure
washer (aircraft, vehicle) to determ ne maxi num al | owabl e
pressure.

g) Where significant quantities of suspended solids
are expected, provide pretreatnent to renove suspended soli ds.

h) I n some cases, washrack wastewater reuse may be an
option and shoul d be consi dered.

3.2.3.2 Addi ti onal Resources. Proper design and operation of
oi |l /water separators is essential to the successful handling of
wastewaters fromvehicle and aircraft maintenance and wash
facilities. Further information on oily wastewaters and the
design of oil/water separators is included in Section 5 of this
handbook, in M L-HDBK-1005/9, and in M L-HDBK-1138, Wastewater
Treat ment System Operations and M nt enance Augnenti ng Handbook.

Addi tional information on wastewater discharges and
treatnment for tactical vehicle wash facilities is included in TM
5-814-9, Central Vehicle Wash Facilities.

3.2.3.3 Cl osed- Loop Recycling. C osed-loop recycling nay be
anot her option to manage wastewater fromvehicle and aircraft
mai nt enance and wash facilities. There are advantages and

di sadvant ages associated with closed | oop recycling systens.
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a) Advantages of these systens include the foll ow ng:

(1) Usually, recycling units are above ground
systens which reduce the risk of undetected | eaks in bel ow ground
oil/ water separators.

(2) To further enhance the treatnent and
recycling process, sone systens are equi pped with chem cal
nmonitoring and injection systens for introducing coagul ants and
other chem cals. This reduces oil and grease in the bl owdown
fromthese systens.

(3) Mst of the water recycled through the unit
is used over and over again, reducing the cost of fresh water
requi red and producing | ess wastewater that needs to be conveyed
for treatnment to a separate facility.

(4) Wash water reuse conserves fresh cl eaning
sol ution because the majority of the cleaning solution is
recycled with the wastewater. This recycling cuts costs.

(5) The costs associated with permt application
fees, annual permt renewal fees, and associated sanpling are
avoi ded.

(6) The systemreduces the risk of contam nating
t he environnent because there is little or no discharge with this
system

b) Sone di sadvantages of these systens that should be
consi dered when eval uating their use include the foll ow ng:

(1) Recycling units require routine maintenance
to ensure proper operating efficiency.

(2) Although recycling units greatly reduce the
quantity of waste effluent, they usually do not elimnate it.
These systens often produce a nore concentrated waste that may
requi re speci al managenent and di sposal requirenments. The
operator of the unit will need to characterize this waste sludge
streamto see if it is hazardous. |In addition, sonme units
routinely blow dowmn a small fraction of the process water to the
sewer which is then made up with fresh water

29



Downloaded from http://www.everyspec.com

M L- HDBK- 1005/ 16

(3) Training on proper use is inperative.
Per sonnel must be assigned responsibility and be available for
proper operation and nai ntenance of the unit.

(4) Security and weat her protection may becone a
factor if the machine is exposed to harsh environnments. Al so,
t he machi ne shoul d be secured in sone nanner when not in use to
prevent unaut hori zed access and possi bl e damage to the nachi ne.

(5) dosed-loop recycling may not be the nost
econom cal solution. |In addition to capital costs, significant
Q&M costs can be associated with these systens. Therefore, life
cycle cost analysis should be used for conparison with other
systens. GCenerally, it is nore cost-effective to inplenent
pol lution prevention neasures, pretreat, or directly discharge
the wastewater to a sanitary sewer. Therefore, when considering
the use of a closed-loop system use the followng criteria:

(a) If a sanitary sewer is nearby, it
probably will not be cost-effective to inplenent a cl osed-I| oop
system

(b) If a washrack is already connected to
the sewer but is having difficulty neeting the discharge
requirenents, or if the permt nonitoring requirenents are too
expensi ve, inplenenting a closed-|1oop system may be econom cal .
However, before pursuing a closed-loop system the designer
shoul d eval uate net hods of pollution prevention that woul d neet
t he di scharge requirenents.

(c) Finally, if water conservation is an
issue or if an activity is given financial incentive that wll
of fset the cost of a system using a closed-|oop system could be
cost-effective.

3.2.4 Shi p Hol di ng Tank Di scharges. Ship hol ding tank

di scharges can be a mgjor source of wastewater at mlitary
installations with naval facilities. These wastewaters typically
have the foll ow ng general characteristics:

a) Primarily donestic wastewater but may al so contain
i ndustrial wastewater depending on the ship operations

b) More concentrated than typical donestic wastewater
because of how on-ship wastewater collection systens are desi gned
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c) May contain high concentrations of dissolved
solids, chloride, sulfates, and sodiumif seawater flushing or
bal | ast systens are used

3.3 Quanti fying Wastewater Fl ows and Loads—Pesi gn Basi s
Devel opnent. Wastewater facilities cannot be designed w thout
defining the wastewater flows and pollutant | oads that the
facilities will need to collect and treat. It is inportant to
base the design flows and | oads on neasurenent of actual flows
and | oads for the wastewaters to be treated. If you are unable to
collect flow and | oad data, base the estimates on information
about simlar wastewaters or on the information included here and

in WEF MOPs FD-4, FD-5, and MOP 8 (Volune 1).

3.3.1 WAst ewat er

Fl ow Esti mate Term nol ogy.

Esti mat e

aver age,

used i n wastewater f

m ni rum and maxi num wast ewater fl ows for
of wastewater facilities.

acilities design.

proper design

Table 3 lists the flowrates typically

Table 3
Wast ewat er Fl ow Estimates for Facilities Design
Fl ow Type Descri ption Desi gn Use
Annual average Annual average of Estimate of annua

daily flow

Maxi mum mont h fl ow

Maxi mum dai ly fl ow

M ni num fl ow

Peak fl ow

daily flows

Hi ghest nonthly
average daily fl ow

Hi ghest 24-hour fl ow
in a year

Least i nstantaneous

fl ow

Hi ghest i nstantaneous

fl ow

operating costs

(chem cal s, power, etc.)

Desi gn of nobst unit
processes i ncl udi ng
bi ol ogi cal processes

Design of certain process
units (such as settling
t anks)

Desi gn of sewers and

pl ant conduits to avoid
deposition probl ens at

[ ow fl ows

Desi gn of sewers and
hydraul i c el enents of

treatnment plant (such as
pi pes, punps, weirs, and
channel s)

31




Downloaded from http://www.everyspec.com

M L- HDBK- 1005/ 16

3.3.2 Fl ow Esti nmati ng Met hodol ogy. A general approach to
estimating flowis as foll ows:

a) Determ ne average unit flows from anal yses of
wast ewat er di scharged fromthe facilities being studied. The
average unit flowis the average wastewater flow rate per unit of
wast ewat er source. For exanple, for residential flows, determne
the average flow per capita. For industrial flows, determ ne the
average flow per unit of activity (for exanple, average flow per
vehi cl e washed for a vehicle wash facility). To estimate future
peak and m nimum fl ows, use existing peak to average and
mnimmto average flow ratios to calculate these fl ows.
Wher e neasurenents cannot be obtained, use data given in WEF MOPs
FD-4, FD-5, and this section for individual flow conponents.

b) Apply average unit flows to design popul ation,
production, or other applicable paraneter of installation size.

c) Calculate mninmm and peak flows for each
wast ewat er source by applying the appropriate flowratios to the
cal cul ated average flows. Add nmaxi mum coi ncident flows from
different sources to determ ne total peak flow  Consider peak
di scharges from punping stations to be coincident with peak fl ows
in the receiving systemunless a program of punping is used to
ensure that peaks do not coincide. For exanple, a punp station
equi pped with fl ow paced vari abl e speed punps can mnim ze the
peak flows conveyed to the downstreamreceiving system In this
situation, the average flows fromthe system area upstream of the
punp station may be conbined with downstream areas and the peak
cal cul ated fromthe conbi ned average flow of the two areas.

d) Estimte average wastewater flows, and peak and
m ni mum flows for mninmum normal, and maxi num depl oynment
condi ti ons.

3.3.2.1 Desi gn Popul ations. |If wastewaters are not existing
and donestic wastewater flows need to be projected, estimate both
resi dent and nonresi dent design popul ations. Conplete these
estimates both for initial design conditions and for projected
popul ations to be served by the wastewater facilities, based on
pl anned expansions or staff increases at the mlitary
installation.

Det erm ne the design resident popul ation estinmate by
addi ng the existing and proposed resident mlitary popul ati ons
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and their resident dependents. This should include hospital

i n-patient personnel. Estimate nonresident popul ati on by addi ng
exi sting and proposed nonresident popul ations, which can include
the foll om ng peopl e:

a) Non-resident mlitary, calculated by subtracting
the resident mlitary fromthe total mlitary strength

b) Civilian personnel under Cvil Service or
nonappropri ated funds (NAF)

c) Personnel from other services, foreign mlitary,
or nonmlitary tenant organizations

d) Contractor personnel (for exanple, base
mai nt enance and custodi al)

e) Daytime school s
f) Daytime transients
3.3.2.2 Donmesti c Fl ows, Annual Average. |If no wastewater fl ow

data exist to determne per capita unit flow factors, calculate
donestic flows as foll ows:

For estimating flow, use:

Resi dent popul ati on = 100- 120 gal | ons per
capita per day (gpcd)
(378-454 liters per
capita per day (Lpcd))

Nonr esi dent popul ati on 30- 35 gpcd

(114-132 Lpcd)

3.3.2.3 Donestic Flows, MaxinumDaily Flow. To determ ne the
maxi mum 24- hour flow, use the foll ow ng procedure:

a) Miltiply the annual average flow by the ratio of
maxi mum daily flow to annual average fl ow based on wast ewat er
flow data for the facilities being studied. |If no data are
avai |l abl e, see Chapter 3 in WEF MOP FD-5 for nethods of
estimating typical donestic wastewater ratios in various
geographical regions. Designers are cautioned to carefully
consi der the inpact of resident and non-resident popul ati ons and
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/1 at installations before resorting to use of the data and
nonogr aphs offered in WVEF MOP FD-5. The gui dance provided in WEF
MOP FD-5 is based on nunicipally derived enpirical data for flow
situations in which dry-weat her wastewater flow ratios are
expected to govern. These relationships may not be appropriate
for installations with significant non-resident popul ations

and/ or severe |I/1 problens.

b) Add the maxi num 24-hour flows from any ot her
sour ces.

3.3.2.4 Donestic Fl ow, Peak Flow. To determ ne the peak flow
for a resident population, multiply the annual average flow by
the ratio of peak flow to annual average fl ow based on wast ewat er
flow data for the facilities being studied. |If no data are
avai |l abl e, see Chapter 3 in WEF MOP FD-5 for nethods of
estimating ratios for typical donestic wastewater. Designers are
cautioned to carefully consider the inpact of resident and non-
resident populations and I/l at installations before resorting to
use of the data and nonographs offered in WEF MOP FD-5. The

gui dance provided in WEF MOP FD-5 is based on nunicipally derived
enpirical data for flow situations in which dry-weat her
wastewater flow ratios are expected to govern. These

rel ati onshi ps may not be appropriate for installations with
significant non-resident popul ations and/or severe |/1 problens.
In these situations, careful consideration and all owance for I/1
fl ows nust be made when devel opi ng peak design flow rates.

Consi der coincident peaks from other sources. For a
nonr esi dent popul ati on, assune that a peak flow of three tines
t he average nonresidential flowis coincident with resident peak
flow (i.e., daily contribution uniformover 8-hour shift).
For installations where the average donestic flow for nonresident
popul ation will exceed 0.4 ngd (1.5 M./d) or constitute nore than
20 percent of the total average flow, investigate flow variations
fromnonresidents in the installation itself or at an
installation simlar to the one proposed. Note that peak flows
can vary wdely at specific installations. At Hurlburt Field it
was found that residential population flows had a peaking factor
of 3, while base operations had a peaking factor of approximtely
7. This illustrates the need to accurately evaluate and account
for peak flows fromall sources, such as flows fromvehicle and
aircraft washing facilities and other industrial flows that occur
during specific hours. |If these flows coincide with peak
donestic flows, they should be added to the peak fl ows.
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3.3.2.5 Donmestic Flows, Mnimum Flow. To determ ne the m nimum
flow for resident population, nultiply the annual average fl ow by
the ratio of mninmumflow to annual average fl ow based on
wastewater flow data for the facilities being studied. If no data
are avail able, see WEF MOP FD-5. For nonresi dent popul ati ons,
assunme the mnimumflow is zero.

3.3.2.6 Infiltration. A typical allowance for infiltration is
included in the per capita flows of donestic wastewater. This

al l omance is 500 gallons per day per inch dianeter mle
(gpd/in.-m) (46 liters per day per mllinmeter diameter kil oneter
[ Lpd/ M kn]) of sewer. For existing systens, estimate
infiltration by conparing the nmeasured wastewater flow with water
use. Also, check variations of flow wi th weather conditions.
Refer to WEF MOPs FD-5 and FD- 6.

3.3.2.7 Inflow. Surface drainage or runoff is normally very
large in relation to sanitary flow. Surface drainage or inflow
shoul d be kept out of sanitary sewers by rational design
procedures, adequate construction specifications and inspection,
and enforced regul ation. Mnhole covers can be a | arge source of
inflow In areas subject to overflow by surface drai nage, the
probl em can be reduced significantly by using solid covers with
hal f - dept h pi ckhol es. Using bolted and gasketed nmanhol e covers
in areas subject to flooding can al so reduce the problem

Exi sting sewer systens should be evaluated for inflow
by the designer of new intercepting sewers, trunk sewers,
coll ector sewers, or treatnent facilities fed by the existing
sewers. If inflowis significant, sources should be determ ned
by i nspecting manhol e covers, roof and ot her drai nage
connections, snoke testing, and internal televised inspection of
sewers. All inflowthat is cost-effective to renove should be
elimnated by rehabilitating the sewer systemto prevent
oversi zing of new sewers and wastewater treatnent facilities.
Refer to WEF MOP FD- 6.

3.3.2.8 I ndustrial Flows. Industrial flows will vary based on
the nature of the activity and should be estinmated on a site-
specific basis. |If flow data for the wastewater to be treated
are unavail abl e, base the estimate on simlar existing
activities. For additional information on industrial wastewater
flows, refer to WEF MOP FD-5, M L-HDBK-1005/9, and

M L- HDBK- 1005/ 17.
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3.3.2.9 Ship Discharges. Table 4 lists the maxi mum ship’s
conpl ement, daily flow, maxinmm discharge, nunber of punping
stations, total nunber of punps, and nunber and | ocation of

di scharge connections for selected ship types. Were destroyers
or submarines are nested next to a tender, and the tender is
berthed at a pier, the nested ships will discharge into the
tender and the tender will discharge to the pier at the rate
listed for the tender.

I n designing pier sewage collection systens to receive
sewage fromships, include facilities to neter the total flow
through the collection system Consult the activity's Public
Wor ks Departnent for metering needs. The location of neters
necessary to provide the needed information will be determ ned by
the |l ayout of the collection system but in no case should this
exceed one flow neasurenent neter at the shore end of each pier.
It is not necessary to nmeter the flow fromindividual ships.

3.3.2.10 Flow Rate Variations. Donestic wastewater flows on
mlitary installations can be expected to exhibit seasonal and
ot her weat her-influenced flow variations. In addition, the
effect of industrial and ship discharge flows as well as the
vari able nature of mlitary operations may significantly affect
flow variations. To mnimze flow variations, flow equalization
shoul d be considered. Equalization can be applied to specific

i ndustrial or other flows which exhibit wide variations, or to
the entire wastewater flow. Wen estinmating flows, consider the
fol | ow ng:

a) Industrial flows such as vehicle and aircraft wash
facilities that occur during specific hours. |If these flows
coincide with peak donestic flows, they should be added to the
peak fl ows.

b) Ship holding tank discharge flows. Flowrates wll
depend on the total volunme of flow to be handl ed and the tinme
required to convey the wastewater to the treatnent facility.
Design equalization systens to equalize the flows so as to
mnimze their effects on peak flows and | oads. Conveying ship
wastewaters to the treatnent facility at night when donestic
flows and | oads are low will further reduce their inpact.
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Ship Sewage Di scharge Rates’

Tabl e 4

Aver age Maxi mum Tot al Nunber and
Maxi mum 24- Hour Di scharge No. of Nunber Locati on of
Shi p Ship's Fl ow? of One Punp | Punping of Di scharge
Type? Conpl ement | (gpm[L/s]) | (gpm [L/s]) | Stations | Punps Connecti ons*
AD 37, 1350 85 (5.4) 225 (14.2) 4 8 2 (1P, 15)
38 1680 + 340
= 2020
AD 40, 1680 + 340 85 (5.4) 225 (14.2) 5 10 3 (1P, 1S,
41, 43 = 2020 1A)
AD 44 1680 + 340 85 (5.4) 225 (14.2) 3 6 2 (1P, 15)
= 2020
AE 383 20 (1.3) 150 (9. 46) 1 2 2 (1P, 15)
AGF 440 20 (1.3) 150 (9. 46) 3 6 2 (1P, 15)
AO 225 10 (0.6) 100 (6.31) 1 2 2 (1P, 15)
ACE 667 30 (1.9 100 (6.31) 2 4 2 (1P, 15)
ARS 100 5 (0.3) 100 (6.31) 1 2 2 (1P, 15)
AS 33 915 40 (2.5) 100 (6.31) 3 6 1 (1A
AS 36 915 40 (2.5) 100 (6.31) 3 6 1 (1A
AS 39 915 40 (2.5) 100 (6.31) 5 10 3 (1P, 1S,
1A)
CG 358 15 (1.0) 100 (6.31) 3 4 (2P, 25)
CGN 625 30 (1.9 100 (6.31) 4 4 (2P, 25)
cv 3000° 125 (7.9) 150 (9. 46) 8 16 4 (2P, 25)
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Tabl e 4 (Conti nued)

Ship Sewage Di scharge Rates’

Aver age Maxi mum Tot al Nunber and
Maxi mum 24- Hour Di scharge No. of Nunber Locati on of
Shi p Ship's Fl ow? of One Punp | Punpi ng of Di scharge
Type? Conpl ement | (gpm[L/s]) | (gpm[L/s]) | Stations | Punps Connect i ons*
CWN 3300° 125 (7.9) | 400 (25.24) 7 14 6 (3P, 39)
DD & 340 15 (1.0) 9 (0.57) 2 2 2 (1P, 19S)
DDG
993
DDG 323 8 9 2 2 2
DDG 51 341 15 (1.0) 40 (2.52) 2 8 4 (2P, 2S)
DDG 341 15 (1.0) 40 (2.52) 2 4 4 (2P, 2S)
52-78
DDG 79 380 20 (1.3)
FFG 210 10 (0. 6) 100 (6. 31) 1 2 2 (1P, 19S)
LcC 1010° 45 (2.9) 150 (9. 46) 2 4 4 (2P, 2S)
LHA 937° 40 (2.5) 100 (6. 31) 3 6 6 (2P, 2S)
LHD 1104° 50 (3.2) 20 (1.26) 2 4 4 (2P, 2S)
LPD 4 510° 25 (1.6) 150 (9. 46) 3 6 4 (2P, 2S)
LPD 17 165 20 (1.3)
LPH 1420° 60 (3.8) 100 (6. 31) 3 6 6 (3P, 39)
LSD 375° 20 (1.3) 100 (6. 31) 2 4 2 (1P, 19S)
MCM 81 5 (0.3)
MHC
SSBN 155 10
SSN 133 10 (0. 6)
'For wastewater disposal systems aboard ships, refer to DTRC/ SME-

91/ 53, Catal og of Shipboard Poll ution Abatenent Systens.

’For nore information on U S. Naval Vessels, refer to NAVSEA
S0300- A4- MAN- A1C/ (U), Naval Vessel Register/ Ships Data Bank.
%Based on maxi num shi p”s conplenent at 60 gpcd (227 Lpcd).
rai sed to next highest 5 gpm (19 Lpcd).

‘P = di scharge connection on the port side of the ship; S
di scharge connection on the starboard side of the ship; A
di scharge connection on the stern side of the ship.

®The followi ng ships carry additional air w ng troops:

Fl ows
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Cv: 2500 LPD: 930
CVN: 2800 LPH: 1560
LHA: 1700 LSD: 450
LHD: 1900 LCC: 700

The following revised list of equival ent ships was
established by the Naval Sea Systens Command ( NAVSEASYSCOM) f or
shore collection of ship sewage (ship types are as listed In
Secretary of the Navy Instruction (SECNAVI NST) 5030. 1L
Cl assification of Naval Ships and Craft.

Ship Type Equi val ent Shi ps
DD CaN, CG DDG FF, AGFF, FFG
LPD AG-, LCC
AFS ACR
AO ACE
ASR ATF, ATS
SS SSN, SSBN

NOTES: Abbreviations for comm ssioned ship types:
AD- Dest royer Tender, AE-Amunition Ship, AG- M scell aneous
Command Ship, AO G ler, ACE-Fast Conbat Support Ship, ARS-Sal vage
Ship, CG Guided Mssile Cruiser, CA\-Cuided Mssile Cruiser
(Nucl ear Propulsion), CV-Aircraft Carrier, CYN-Aircraft Carrier
(Nucl ear Propul sion), DD Destroyer, DDG Guided M ssile Destroyer,
FFG GQui ded M ssile Frigate, LCC Anphibi ous Command Ship
LHA- Assaul t Shi ps, Landi ng Anphi bi ous, LHD-Large Helicopter, Dock
Shi p, Anphi bi ous, LPD- Anphi bi ous Transport Dock, LPH Anphi bi ous
Assault Ship, LSD Dock Landi ng Ship, MCM M ne Counterneasure
Ship, MHC-M ne Hunters, SSBN-Fleet Ballistic Mssile Submarine
(Nucl ear Propul sion), SSN Submarine (Nucl ear Propul sion).

c) Intermttent periods of increased use because of
training activities or other personnel nobilization exercises
common to mlitary installations. Training activities or other
nmobi | i zati on exercises will create short-termincreases in
donestic wastewater and, potentially, industrial flows. These
intermttent activities may result in the peak wastewater flows
and |l oads. Facilities should be designed to handle routine
variations in flow and | oad fromtraining and other routine
exercises in a manner to ensure acceptabl e performance and
reasonabl e O&M costs. For exanple, an equalization system may
provi de flow and | oad danpeni ng to accommbdate these significant
variations. Facilities will not be designed to accompdate peak
surges resulting fromenergency nobilizations.

d) Intermttent periods of reduced use. Low flows can
al so be a problem Therefore, design the wastewater facility to
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operate efficiently over a range of flows (for exanple, provide
parallel trains that can be taken out of service, etc.).

e) Changes in requirenents or the installation’s
m ssion. Designs should include provisions for expansion,
contraction, or other nodification because of nore stringent
effluent requirenents or installation m ssion changes. Mke
efforts to maxi m ze operational flexibility.

3.3.3 Wast ewat er Loadi ngs. Wastewater |oadings are typically
cal cul at ed based on the projected flows and wastewat er poll utant
concentrations and are expressed in pounds per day (Il b/d)
(ki l ograms per day [kg/d]). \Were possible, determ ne | oadi ngs
by anal yzing the wastewater to be treated or simlar wastewater.

3.3.3.1 Donesti c Wastes. Every effort should be made to use
measured data in planning and designing for wastewater flows.
As a last resort, if no wastewater data are avail able, use the
typi cal concentrations for donmestic wastewater from WEF MOP 8,
Volume |I. Note, however, that these are average data; nake

adj ustnents for regional weather effects and collection system
| /1 before using these val ues.

3.3.3.2 | ndustrial Wastes. Determ ne industrial wastewater
characteristics used in design froma survey of the actual wastes
i nvol ved, or from know edge of wastes at simlar facilities.

For additional information on industrial waste characteristics,
refer to M L-HDBK-1005/9 and M L- HDBK- 1005/ 17

3.3.3.3 Ship Sewage. Ship sewage settles well and is anenabl e
to biological treatnent, but it nay be septic. Table 5 presents
typi cal concentrations (wastes from shi pboard industri al
activities are not included).

The hi gh dissolved solids, chloride, sulfates, and
sodi um concentrations apply when seawater flushing or ball ast
systens are used. For nore information on ship sewage, see
NAVSEA S9086- T8- STM 010/ CH 593, Naval Ships’ Techni cal ©Manual .
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Table 5
Typi cal Ship Sewage Concentrations
Concentration
Characteristic (mgy/ L)
Tot al suspended solids 600
Total dissolved solids 20, 000
Chl ori des 11, 000
Sul f at es 1, 500
Sodi um 6, 200
O her dissolved solids 1, 300
Bi ochem cal oxygen denand (BOD) 400

3.3.3.4 Ef fect of Wastewaters with H gh Seawater Content.

a) Performance. High concentrations of seawater tend
to inhibit biological treatment. Process inhibition is related
to the chloride concentration of the wastewater.

(1) For new designs, in the absence of pilot
pl ant data or treatnent data fromsim/lar wastewaters, conpensate
for high seawater content according to the data presented in
Tabl e 6.

(2) In analyzing the capacity of existing
treatnent facilities to receive ship's wastewater, use figures as
determned in Table 6. If these indicate overloading solely
because of chloride inhibition, conduct pilot plant tests before
pl anni ng any expansi on.

(3) Sudden changes in chloride concentration may
upset biol ogi cal processes. Consider equalization storage to
limt chloride variation at the wastewater facility to 200 ng/L/h
at chloride concentrations in excess of 5,000 ng/L.
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Table 6
Chloride Inhibition of Biological Ntrification

Maxi mum Chl ori de Concentration for
Concentration for Chl orides in Excess of
Process No | nhi bition Maxi mum Level (1)
Trickling filters 5,000 ng/L Referring to
and rotating appropriate design
bi ol ogi cal | oadi ng curve, decrease
contactors | oadi ng an anount

correspondi ng to one
per cent age poi nt of
removal efficiency per
1,000 nmg/L of chlorides
in excess of 5,000 ny/L

Acti vat ed sl udge 5,000 ng/L Decrease | oadi ng by
2% per 1,000 ng/L
chlorides in excess
of 5,000 ng/L

Aer obi ¢ and 8,000 ng/L | ncrease detention tinme

facultative | agoons by 2% per 1,000 ng/L
chl orides in excess of
8,000 ny/L

(1) H ghest average chloride concentration expected over
24 hours.

b) Mai nt enance. Hi gh seawater content in wastewater
w || aggravate incrustation problens. Avoid fine bubble air
di ffusion systens, and design orifices in trickling filter flow
distributors or in aeration devices to facilitate periodic
cl eaning of mneral deposits. Use care in selecting construction
and equi pnent materi al s.
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Section 4: NAVY WASTEWATER COLLECTI ON AND TRANSM SSI ON SYSTEMS

4.1 | ntroduction. Design information on wastewater
collection and transm ssion systens is extensively covered in WEF
MOP FD-5. This section addresses two wastewater collection and
transm ssion topics that are not addressed in MOP FD-5: pier and
wharf systens and drydock facilities.

4.2 Pier and Wharf Systens. Design the ship sewage
collection systemon piers or on shore for the peak flow fromthe
maxi mum pl anned berthing with the sewer flowng full.

4.2.1 Layout/Location. Use a pressure nmanifold connected to
the gravity sewer by a single 4-inch (100-mr) dianmeter pipe for
the collection systemat each berth. The manifold should have
four single 4-inch (100-mm receiving connections spaced 150 feet
(46 nmeters [mM) apart on a 4-inch (100-mm) diameter pressure
sewer (see Figure 1). This layout has the foll ow ng advant ages:

a) It provides |arge reduction in peak flows by
conmbining nultiple discharges froma ship or nested ships into a
single stream thereby increasing the head on the ship's punps.

b) By reducing peak flow, it allows berthing of other
ship types (other than those shown on the design berthing plan)
at the berth.

c) It is self-regulating and self-cleaning, and it
avoi ds failure or maintenance problens inherent in regulating
val ves or other devices.

To prevent punping fromone berth into another and to
all ow ships with | ower head punps to discharge into the pier
sewer, each berthing space nust be isolated. |Isolate the berths
by providing one separate mani fold at each berth connected to the
gravity pier sewer. \ere the berthing space is |ess than
600 feet (183 m, the nunmber of outlets should be reduced to fit
the space available. 1In such cases, it may be necessary to
reduce the 150-foot (46-m spacing between outlets. For carrier
berths, two standard 4-inch (100-mm manifolds, each with four
4-inch (100-mm outlets, should be used. See Figure 2 for
typical collection sewer |ayouts on different pier types.
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NOTE: DESIGN RECEIVING HOSE CONNECTIONS FOR 3000 LB (13,000 N)
PULL IN ANY DIRECTION.

Figure 1
Pressure Manifold Schematic for Pier and Wharf Systens
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Figure 2
Layout for Alternative Pier Types

Col | ecting Sewer
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Locate all collecting sewers behind the permanent wharf
or pier construction, away fromthe fender, to avoid inpact | oads
and damage. Locate punp stations off the pier, behind the
bul khead lines. |If location along the pier deck is required, do
not restrict working area on the pier. Lines behind wharves
shoul d al ways be buried. See Figures 3 and 4 for typical
installation on piers and quay walls. For design of new piers
and quay walls, consider locating sewers in utility tunnels.
Reduced external corrosion and inproved maintainability of sewers
may of fset higher construction costs.

4.2.2 Uility Connections. To ensure safety, shore-to-ship
utility service connections at Navy shore facilities shall use

t he standardi zed col or codes as a secondary identifier on

wat erfront wharf and pierside connections and shore-to-ship hose
assenblies. The primary identifiers shall be plain |anguage
tags, naneplates, or labels. The color code for shore-to-ship
service connections is as follows:

Federal Standard
595(a) No. Fed.
Shore Service Col or SPED- TT- E- 489 No.

Pot abl e Wat er Bl ue, Dark 15044
(40 to 81 psig
[ 4053 to 8207 kPa])

Nonpot abl e Wat er Red 11105
(100 to 175 psig
[ 10,132 to 17,732 kPa])

Sewer ol d 17043

1. The above colors are used to identify ends of hose assenblies,
pi er-side val ves, handwheels, or operating |levers, and adjacent
deck, curb, standpi pe, or guard.

2. Col or coding for shore-to-ship utility connections may vary from
color coding for pier distribution piping or other shore piping
systens. M L-STD-101, Col or Codes for Pipelines and for
Conpressed Gas Cylinders, governs the color codes used on pier
di stribution piping and other shore piping systens.

3. Pressures shown are nom nal pressures and represent average
condi tions.
4. Psi g = pounds per square inch gage pressure;

kPa = kil oPascal s.
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|~ ¢ SHIPTO SHORE RECEIVING HOSE CONNECTION

T
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IO OO OO ]
B S . o -
DT e

@ T A pmm—
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= 2" (50 mm} @ <z777|
. = | L_(ALTERNATE

He-—  ————7 L location)

|\ PRESSURE SEWERTO
GRAVITY SEWER

R S
.- -

R IRV EEREINTC PRI
..© : WALL PIPE

1T Ll

TYPICAL QUAY WALL INSTALLATION

¢ ABOVEGROUND

PLATE WASHER & HEX NUT SHIP TO SHORE
RECEIVING HOSE
v -

CONNECTION
B L W e .-

PROTECT PIPE FROM ! @

WAVE AND FLOATING > § PRESSURE
DEBRIS DAMAGE /p@ SEWER
: H

€ GRAVITY SEWER | )

FOR PIPE SUPPORT SEE
FIGURE 4. — =

TYPICAL PIER SEWER ASSEMBLIES
(EXISTING CONSTRUCTION - NEW CONSTRUCTION SIMILAR)

Figure 3
Typi cal Shore Collection Facilities for Receiving Ship s Sewage
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o €.SHIP TO SHORE RECEIVING HOSE CONNECTION

PLATE WASHER & HEX NUT

HANGER ROD, 3/4" (20mm) @
(MIN.)

TURNBUCKLE

— 2" (50 mm) @
i DRAIN PIPE

WALL PIPE

PIPE CLAMP, 2 1/2" x 3/8"

PRESSURE SEWER TO GRAVITY (65 mm x 10 mm) (MIN.)

SEWER. FOR CONNECTION TO

GRAVITY SEWER SEE JOINT DET.
ON FIGURE 4.

FOR PIPE SUPPORT ALONG
PIER SEE FIGURE 4

ALTERNATE PIER SEWER ASSEMBLY

/ € SHIPTO SHORE SEWER CONNECTION
_q ]
R\./74 R '7 4 "\_ljr - ] B

PRESSURE
SEWER
PROTECT PIPE FROM
WAVE AND FLOATING
DEBRIS DAMAGE

ETALONFIG 4 /‘ TYPE (2) PIER

Figure 3 (Continued)
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1" (25mm) MIN. ROD THREADED BOTH ENDS,
WHEN REQUIRED

I U-BOLT, 1/2" (13mm) @ MIN.
I 1/4" (7Tmm) T-€PLE M gPLE

¢ PRESSURE SEWER ? | ‘ CLE:;( NUTS VARIES
= & 11 & "L STEEL CHANNEL (GALV.)
BEVEL WASHER N C8x11.5MIN.
1 : °© || O*1'C__ 47/8" (125mm) @ HOLES FOR
o Qg
HANGER ROD, 3/4" (19mm) & MIN. ] 4-3/4" (120mm) & BOLTS (MIN.)
THREADED BOTH ENDS I
CLEVIS i STEELANGLE (GALV.)

il y/ 3" x 3" x 3/8" (75 x 75 x 10mm) MIN.

o /:/'i;\\iﬁ T :"jz 1-7/8" (48mm) @ HOLE FOR 1-3/4" (44mm) &
V4 \\‘ ‘ BOLT (MIN.)

¢ GRAVITY SEWER
WHEN REQUIRED N

PIPE SUPPORT DETAIL
PIER SEWER ASSEMBLY

SHIP TO SHORE RECEIVING
HOSE CONNECTIONS

/ﬁ PRESSURE SEWER FROM
1

]

. - I -
=
x= } “~~ PIPE AS REQUIRED
=9
g8ce
o EL>“ @ 45° BEND, LOCKED MJ & PE
Ss3z
Guk "v" BRANCH, LOCKED MJ
i i ¢ GRAVITY SEWER
= < ©®
oOT ¥
ZWnI

i

JOINT DETAIL
PIER SEWER ASSEMBLY

Figure 4
Details for Shore Collection Facilities Receiving Ship’ s Sewage
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PLATE WASHER ﬁ

MECH. JOINT

HEAVY DUTY U.S. GOVERNMENT STANDARD
FRAME AND COVER, RR-F-621b, TYPE V

RING FRAME, TYPE "A" COVER

SOLID PLUG ﬁ

HANGER ROD
3/4" (19mm) & MIN.
GALV. OR COATED

TURNBUCKLE

GALV. OR COATED

PIPE CLAMP
3 1/2" x 3/8" (90mm x 10mm) MIN.

GALV. OR COATED

. “\— EXISTING CONCRETE

NEW CONCRETE

.

[Enaapnifl)ann

-~

K

\DRAIN HOLE

FITTINGS WITH LOCKED
MECHANICAL JOINTS

FLOW THROUGH CLEANOUT DETAIL

CLEANOUT SPACING

CONCRETE DECK INSTALLATION

400' (120m) MAX. FOR
500' (150m) MAX. FOR

PIPES 15" (375mm) & SMALLER
PIPES 18" (450mm) & LARGER

NOTE: FOR TERMINAL CLEANOUT USE 90°
ELBOW IN PLACE OF LATERAL.

Figure 4 (Continued)
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4.2.3 Envi ronment al Consi derati ons (Corrosion, Freeze
Protection). For ship-to-shore connections, ductile iron sewer

pi pe, pier castings, and subnmerged and nonsubnerged exposed netal
such as structural steel nenbers, gratings, angles, pipe support
hangers, fastening devices, and other appurtenances, use two-
coat, coal -tar epoxy coating, conformng to Steel Structures

Pai nting Council (SSPC) Paint No. 16, applied to total m ni num
dry filmthickness of 16 mls (0.4 nm). For alternative
corrosion protection coatings for different environments, refer
to M L-HDBK-1110, Paints and Protective Coatings for Facilities.
Brush bare steel surface to renove all mll scale before applying
the protective coating. Follow manufacturer's instructions for
surface preparation and application to other materials. Evaluate
t he need for cathodic protection.

The follow ng are references for cathodic protection:

a) MO- 307, Corrosion Control

b) NFGS- 13110, Cathodic Protection by Gal vani c Anodes

c) NAVFAC letter (LTR) 11012, Cathodic Protection
Systens, Interim Techni cal CGui dance

See Figure 5 and refer to Naval C vil Engineering
Laboratory (NCEL) Report No. R-593, Freeze Protection for
Freshwater and Sanitary Piping Under Open Piers. Pipes installed
under piers or wharfs in any geographic |ocation nust be
protected fromwave action and floating objects. |If freeze
protection is provided, protective jacketing of the insulation
using al um num stainless steel, or coal-tar epoxy coated steel
must be provided. Provide structural protection for the entire
l ength of pipe run in addition to jacketing. Use steel cage of
fabricated shapes or a catwal k for both access and pi ping
prot ection.

a) Pi pes installed under piers north of
Phi | adel phia, PA, and Seattle, WA, and in northern inland and
Great Lakes areas: install with conductive mneral filmelectric
heating el ements and pol yuret hane foam i nsul ati on.

b) Pi pes install ed under piers between and including
Phi | adel phia, PA; Norfolk, VA, Seattle, WA; and Portland, OR
install with polyurethane foaminsulation. Refer to NCEL R-593
for flushing requirenents.
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@/

-

POLYURETHANE
FOAM INSULATION

CONDUCTIVE FILM
HEATING ELEMENT

HEATING ELEMENT

FOR FIPES UNDER PIERS INSTALLED SOUTH OF NORFOLK,
VA, AND PORTLAND, OR (NEED NOT BE INSULATED)

FOR PIPES UNDER PIERS INSTALLED BETWEEN & INCLUDING
PHILADELPHIA, PA, NORFOLK, VA, SEATTLE. WA, AND
PORTLAND, OR.

ASPHALT-IMPREGNATED FELT

ASPHALT MASTIC PROTECTIVE COVERING
(ALL LOCATIONS EXCEPT UNDER PIERS
AND WHARVES).

FOR PIPES UNDER PIERS INSTALLED NORTH OF,
BUT NOT INCLUDING PHILADELPHIA, PA, AND
SEATTLE, WA. NORTHERN INLAND AND GREAT
LAKES AREA SHOULD BE SIMILARLY PROTECTED.

CONNECTIONS ACROSS JOINTS SHOULD BE MADE WITH
SPECIAL NYLON INSULATED WIRE OR MINERAL INSULATED
CABLE. TWQ THERMOSTATIC CONTROL ELEMENTS SHOULD

BE INSTALLED, ONE AT THE EXTREME END OF THE PIPE

AND ONE AT THE MIDPOINT OF THE PIPE, AND WIRED SO

THAT EITHER ELEMENT SENSING A TEMPERATURE OF 35°F (2°C),
WILL ACTUATE THE HEATING CIRCUIT. THE THERMOSTATIC
BULB SHOULD BE SECURED TO THE QUTER SURFACE OF THE
HEATING ELEMENT BEFORE THE INSULATION IS APPLIED.

FREEZE PROTECTION REQUIREMENTS

SET SCREWS

STD. TEE BOLTS J

TRANSVERSE
EXPANSION JT
IN PIER

n

12" (300mm)
15" (380mm)

UPTO 12" (300mm) PIPE
14" (350mm) TO 24" (600mm) PIPE

SLIDING CONN.

STD. GLAND
& NUTS W/ TEE BOLTS
&NUTS
MECH. JT ‘/Gﬂw DD" € PRESSURE OR
RETAINER p D‘g’:m L GRAVITY SEWER
GLAND-SEE 2
(50mm) MECH. JT

DETAIL

SOLID SLEEVE

EXPANSION JOINT DETAIL

TAPPED FOR
SET SCREWS

HOLES FOR
TEE BOLTS

O

DDAK1'F
\07o7

Figure 5

Piping Details for Shore Collection Facilities
Recei ving Ship’s Sewage
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c) Pi pes installed south of Norfol k, VA and
Portland, OR no insulation required. See NCEL R-593 for
flushing requirenents.

d) Refer to Figure 5 and NCEL R- 593 for details of
heating el enment installation.

4.2.4 Qdor/ Septicity Control. Slope sewers as nuch as
possible to mnimze detention tinme and provide aeration. Aerate
hol di ng tanks unl ess detention tine is |less than 3 hours at

aver age 24-hour flow.

Keep force mains as short as possible. Check for the
possibility of sulfide generation. Make provisions to control
sul fide generation if necessary using an injection of oxidizing
chem cal s such as chlorine, permanganate, or hydrogen peroxide.
Consult suppliers of chem cals or generation and feed equi pment
regardi ng costs and expected performance. Refer to WEF MOP FD-5
for rational nmethods to predict sulfide generation rates and
met hods of control.

a) Mai ntain mninum flow velocity of 3 feet per
second (fps) (0.9 neters per second [nfs]).

b) Provide cleanouts and air relief valves as required.
c) Provi de check val ves at punp stations.
4.2.5 Structures and Appurtenances. Refer to Table 7 and
Figures 3 through 7. Figure 6 shows ship-to-shore sewage hose

conponents. Figure 7 illustrates an aboveground receiving hose
connecti on.

4.2.6 Punp Stations. Mke capacity equal to that of incom ng
sewers whenever this exceeds the expected peak flow. For punp
station design for transfer of ship’s oily wastewater, refer to
M L- HDBK 1005/ 9.

4.2.7 Pi pe. Mechanical joint, lined ductile iron should be
used for exposed | ocations where high inpact resistance is

i nportant. Support exposed pipe per nmanufacturer’s
recommendations. In other exposed |ocations, for superior
corrosion resistance, consider thernoplastic (high density

pol yet hyl ene) pressure pipe with butt fusion joints. Plastic

pi ping on pier and wharf systens should be protected fromi npact
by floating debris and ot her hazards by placenent in a specially
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designed utility trench. For buried lines, apply general sewer
pi pe sel ecti on gui deli nes.

Table 7
Special Pier Structures and Appurtenances
Structure or
Appur t enance Where to Use Details Requi renent s
In-1ine At junctions and See Figure 4
cl eanout changes of direction
and when required
accordi ng to spaci ng
shown in details
under regul ar
manhol e bel ow
Regul ar Ternminally on all See NAVFAC Lower invert
manhol e lines: at all Cui de Spec t hr ough nanhol e
junctions and NFGS- 02530, a di stance equa
changes of direc- Sanitary to expected | oss
tion; at changes in |Sewage of head in
i nvert elevation or manhol e, plus
sl ope. O herw se, 0.8 tines any
accordi ng to spac- change in sewer
i ng shown bel ow si ze. For
_ junction man-
Pi pe hol es, check
?:ﬁe Spgz?ng whi ch upst ream
: invert is
[mm) (ft [m) critical in
18( 450) 400( 120) deter m ni ng
or |ess outlet invert.
18- 48 500( 150) Rai se top of
(450_ 1200) rmnhol e above
possi bl e
48(1200) 600(180) fl oodi ng | evel.
and greater
Drop manhol e | Wen difference See NAVFAC For difference
bet ween inlet and Gui de Spec | ess than 2 ft
outlet inverts NFGS- 02530 (0.6 m,
exceed 2 ft (0.6 m i ncrease
upst r eam sewer
slope to
elimnate drop
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Tabl e 7 (Conti nued)

Pier Structures and Appurtenances

Structure or

Appur t enance Where to Use Details Requi renent s
Si phons For carrying sewers Mai nt ai n Use WEF MOP FD-5
under obstructions velocity for hydraulic
or wat erways. of 3 fps desi gn.
(0.9 ms). Use
no | ess than
two barrels
with min. pipe
size of 6 in.
(150 mm).
Provi de for
conveni ent
fl ushing and
mai nt enance.
Inter- VWher e di scharge of Take speci al
cepting exi sting sewers nust care agai nst
sewers be brought to a new infiltration due
concentration point. to depth or
proximty of
surface water.
Traps and On all outlets from | Di spl acenent
inter- subsi st ence velocity
ceptors bui | di ngs, garages, 0.05 fps
mechani cal shop, (0.015 m's).
wash pits, and other | Gease
poi nts where grease removal : in
or oil can enter absence of
system ot her data use

300 to 400
ng/ L. Provide
for storage of
1 week's

gr ease
producti on

(1 day if
cont i nuous
renoval is
provi ded).
Length = tw ce
dept h.
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Tabl e 7 (Conti nued)
Special Pier Structures and Appurtenances

Structure or

Appur t enance Where to Use Details Requi renent s
Ter m nal Termnally on all See Figure 4 Locate where it
cl eanout pi er collection will not inter-

syst ens fere with other

operations on
the pier or
other utilities.

Recei vi ng See Figures 6 Connecti on
hose and 7 designed to
connections receive the
di scharge from
shi ps.
Pi er Support collecting See Figures 3
col l ection sewer under piers and 4
sewer
supports
4.2.8 Sewage Tranfer Hoses. Facilities should be provided

for washing the end couplings and the exterior of the hose with
hot potable water containing a standard stock detergent. Caps
for each end of the hose should be provided and installed after
washi ng. The clean hose should be stored in dry racks. See
Figures 6 and 7 for transfer hose detail and receiving hose
connecti on.

For further information, refer to NAVFAC MO 340, Shi p-
t 0- shore Hose Handling Operations Manual

4.3 Drydock Facilities. Design the collection systemfor
the graving dock for the peak flow fromthe maxi num pl anned
docking pattern with the sewer flowng full. Consider the

fol |l ow ng when desi gning drydock coll ection systens:

a) Separation of hydrostatic | eakage from drydock
wastewater. The water is generally not contam nated and can be
di scharged directly to storm sewers or open water dependi ng on
regul atory conditions.
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Shi p-t o- Shore Sewage Hose Conponents
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Aboveground Recei ving Hose Connecti on
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Figure 7 (Continued)
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b) Separation of ship's donestic wastes fromthe
i ndustrial wastes generated by drydock activities. These
i ndustrial wastes include | eakage, precipitation runoff, and
washdown that carries sandbl asting resi due and paint.

4.3.1 Layout. Ships fitted with Coll ection-Hol di ng- Transfer
(CHT) shoul d be connected to dockside sanitary sewers for CHT

di scharge. Ships w thout CHT shoul d use scuppers and manifold
connections to the ship's discharge points for transfer to
sanitary sewer systemin floor of drydock. See Figure 8 for
typical collection systemlayout in drydock facilities to collect
from CHT systens. Use receiving connection on pressure nanifolds
connected to gravity sewers.

4.3.2 Punp Station Features. Make capacity equal to that of
maxi mum conbi ned ship's discharge rate of ships in drydock
Furni sh portable auxiliary punping facilities when required.
Refer to M L-HDBK-1029/1, G aving Drydocks.

4.3.3 Sewage Recei ving Connections and Transfer Hoses. See
Figure 9 for underground drydock receiving hose connections. See
Figure 7 for aboveground drydock receiving hose connections.
Aboveground recei ving hose connections should be used whenever
possi bl e. See paragraph 4.2.8 regardi ng transfer hoses.

4.3. 4 Speci al Structures and Appurtenances. See Figure 4 for
typi cal cleanout detail for drydock sewers.

Locate cleanouts in main sewer at a maxi num spaci ng of
300 feet (91 m.
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Figure 8
Typi cal Sewage Col | ecti on System Layouts for Drydock Facilities
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Figure 9

Under ground Recei vi ng Hose Connections for

Drydock Facilities
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Figure 9 (Conti nued)
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Section 5: O L/ WATER SEPARATORS

5.1 Section Overview. This section addresses mlitary
applications of oil/water separators (OA5s). It provides general
information on OABs, as well as specific information on determ ning
the need for an OA5, principles of oil/water separation, OAS design
criteria, and selection of OA5 technology. Enphasis is given to
conventional and parallel plate gravity OABs, which are the
prevailing types installed at mlitary bases. O her technol ogi es,
such as flotation, filtration, and adsorption are also briefly

di scussed. These topics are not addressed in the WEF MOP 8.

5.2 Ol Cassification. Oly wastewaters are generated in
the industrial and mai ntenance areas of mlitary installations
fromsuch activities as aircraft and vehicl e maintenance and
washing. The oils present in wastewaters may be of several

types, including gasoline, jet fuel, diesel fuel, lubricants, and
m scel | aneous detergents. Regardless of type, they are typically
classified into three major categories: free, enulsified, and

di ssol ved.

5.2.1 Free Ol. Free oil consists of discrete gl obules
| arge enough to rise as a result of buoyant forces and form an
oil layer on top of the water. Theoretically, oil globules as

smal | as about 20 m crons can be classified as free oil.

However, research indicates that the size of oil gl obul es nmust be
approxi mately 150 mcrons or greater to be effectively renoved in
a conventional gravity separation chanber.

5.2.2 Enulsified GQl. Enulsified oil exists as smaller
dropl ets, approximtely 1-20 m crons, which forma stable

di spersion in the water and are incapable of rising to forma
separate oil |ayer w thout additional chem cal treatnent.

Di ssolved oil is soluble in water and is al so i ncapabl e of
removal by gravity separation

5.2.3 Oly Wastes. QO ly wastes discharged at mlitary bases
may i nclude any or all of these classifications. Wile nost of
the oily waste is originally in the free state, the cleaning
agents commonly used in the washing of floors, vehicles,

aircraft, and other equipnent at mlitary installations are
designed to increase the solvency of oil in water, and they cause
the oil to beconme emulsified. 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.
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Centrifugal punps are especially prone to enulsify oil.

Conventi onal nethods of neasuring oil and grease do not
differentiate free, enmulsified, and dissolved oil. A nethod to
provide this differentiation is described in Amrerican Petrol eum
Institute (API) Publication 421, Design and Operation of Ol -
Wat er Separ at or s.

5.3 Basis for Considering Ql/Water Separators. Primarily,
oi |l /water separation is inplemented at mlitary installations to
conply with the Federal, state and |local requirenents and to
mnimze the inpacts of oils and greases on the collection system
and downstreamtreat nent systens. These considerations are
further discussed bel ow.

5.3.1 Regul at ory Conpliance. Regulations which may require
the use of OABs are prinmarily associated with PL-100-4, Water
Quality Act of 1987. Discharge of wastewaters to waters of the
United States is regul ated under 40 CFR Section 402 NPDES permt
regul ations, 40 CFR Section 403 G ly Wastewater Discharges to
Sewers Under Ceneral Pretreatnment Regul ations, and Stornmwater
Permt Requirenments under 40 CFR Section 122.26. These

regul ations are enforced by Federal, state, or local regulatory
authority. Mlitary services also enforce these regul ations for
oily waste being discharged to Federally owned treatnent works
governed under the Federal Facility Conpliance Act.

Di scharges of oily waste fromfuel storage areas nust
be permtted under the NPDES program The installation should
i npl enent pol lution prevention neasures and best managenent
practices to mnimze or elimnate oily waste contact and
di scharge fromdi ked areas at the fuel storage area which wll

elimnate the need for oil/water separation. Spill Prevention
Control and Counterneasures Requirenents, 40 CFR 112.7, is for
emergency spill control actions and should be considered separate

fromroutine operations. However, provisions of the General
Pretreat ment Regul ations applicable to oily waste di scharges to
sewer age systens are found in Section 403.5(b). These provisions
prohi bit discharge of the foll ow ng:

a) Any pol lutants which cause interference or pass
t hrough treat nent works

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

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

d) Pol l utants which result in the presence of toxic
gases, vapors, or fumes wthin the sewerage systemthat may
cause acute worker health and safety probl ens

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 could accunmulate in the sludge of treatnent works,
resulting in hazardous substance di sposal requirenents.

5.3.2 Rel ated I npacts on Coll ection/ Treatnent Systens. In
addition to inpacts outlined in regul ati ons, wastewater
containing significant quantities of oil and grease can i npact
the collection and treatnent systens in the foll ow ng ways:

a) Accunul ation of oil and grease in collection
pi pi ng, causing obstruction of flow

b) Accurul ation in treatnent facility sludge,
resulting in hazardous substance di sposal requirenents

For these reasons, wastewater discharges from
mai nt enance facilities and washracks shoul d be managed to
prevent adverse effects to the treatnent plant and to protect
the environnment fromrel eases to surface waters.

5.4 Eval uating the Need for Q| /Wter Separators.

Numerous oil/water separators (OA5s) exist at mlitary bases,
sonme of which are not needed or are not acconplishing their

i nt ended purpose. M sapplications and i nadequate performance
have resulted from poor design, inproper selection of pre-

manuf actured units, failure to adequately understand the
character of wastewaters being treated or pretreated, and | ack
of proper mai ntenance. Consequently, the need for an OAS shoul d
be carefully eval uated before undertaking its design

Figure 10 presents a decision diagramfor determning
whet her an OA5 i s needed at a particular location. 1In using the
deci sion diagram the follow ng source control issues should be
consi der ed:
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IS THE OIL OR SETTLEABLE
SOLIDS PRODUCING NO ELIMINATE THE

PROCESS NEEDED TO PROCESS ]
SUSTAIN THE MISSION?

YES
)

DOES THE LEVEL OF OILAND
GREASE OR SETTLEABLE
SOLIDS DISCHARGED BY NO
THE PROCESS EXCEED THE
CAPABILITY OF
DOWNSTREAM PROCESSES
OR EXCEED DISCHARGE
PERMIT LIMITS?

YES

CAN THE LEVEL OF OIL AND ves | REDUCE THE LEVEL OF OIL AND
GREASE OR SETTABLE GREASE OR SETTLED SOLIDS AT

SOLIDS BE REDUCED BY THE SOURCE BY POLLUTION
SOURCE CONTROL? PREVENTION TECHNIQUES.
NO

DOES THE LEVEL OF FREE
AND FLOATING OIL OR
SETTABLE SOLIDS

DOES THE LEVEL OF EMULSIFIED

NO | OIL DISCHARGED BY THE NO
PR R e PROCESS EXCEED THE CAPACITY |—
CAPABILITY OF —> OF DOWNSTREAM PROCESSES
DOWNSTREAM PROCESSES OR DISCHARGE LIMITS?
OR EXCEED DISCHARGE
PERMIT LIMITS?
YES
PROVIDE AN OIL/WATER
SEPARATOR
YES
DOES THE LEVEL OF FREE
AND FLOATING OIL OR
GAN THE LEVEL GAN THE LEVEL
SETTABLE SOLIDS OF EMULSIFIED OF EMULSIFIED
DISCHARGED BY THE OIL/ Ol B YES | OILBE
WATER SEPARATOR EXCEEDI—> | ADEQUATELY ADEQUATELY
THE CAPABILITY OF REDUCED AT REDUCED AT
DOWNSTREAM PROCESSES THE SOURCE? THE SOURCE?
OR EXCEED DISCHARGE
PERMIT LIMITS?
YES
PROVIDE ADITIONAL INSTALL
TREATMENT STEP(S). EMULSION
REMOVAL STOP
FACILITIES PER
MIL-HDBK-1005/9

NOTE: OTHER POLLUTANTS WHICH REQUIRE ADDITIONAL TREATMENT MAY BE IN THE WASTE STREAM.

Figure 10
Decision Tree for G| /Water Separators
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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
det er gent s.

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.

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.

d) Consi der changing the point of discharge to
negotiate |l ess stringent requirenments and to protect sensitive
environnental areas. For exanple, it may be practical to reroute
a stormnater permtted outfall to a sanitary indirect discharge
when the stormnmater flows are |ow and the permtted stormater
discharge limts are overly restrictive. Extraneous stornmater
shoul d be excluded fromsanitary systens.

e) The stormmater pollution prevention plan should
i npl emrent best managenent practices which will mnimze or
elimnate the need for oil water separators in nost instances.

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 emnul si on breaking.

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 many cases, proper attention to control
of operations can greatly reduce the anmount of sol uble oi
requiring treatment. Mnimzing | eaks, avoiding spills, using
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drip trays, enploying spill containnment techniques, and

di scarding oil only when it is no |onger serviceable should be a
part of any oily waste control program OASs are not to be used
for spill containnent.

5.5 Treat ment Technol ogy. Sel ection of the appropriate
treatnent process for olly waste i s dependent on the oi
classification. Under proper quiescent conditions, free oil can
be renoved by gravity separation. Emulsified oil cannot be
renmoved 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 ermulsion nay al so have to first be
broken for this process to be effective. Renoval of soluble

(di ssolved) oil generally requires biological treatnent or
adsorption onto a solid phase sorbent such as activated carbon.

It should be noted that other 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.

Desi gners shoul d al so understand that |ack of proper
mai nt enance is one of the biggest causes of OA5 failure.
Desi gners nmust design for ease of maintenance so as to pronote
adequat e periodi c mai ntenance. For exanple, buried cylindrical
separators are al nost inpossible to maintain and thus their use
i s highly discouraged.

5.5.1 Gravity Separation. Two basic types of gravity OAGs
are in common use: a) conventional, rectangul ar-channel units,
comonly called APl separators because they are usually based
upon desi gn standards devel oped by the Anerican Petrol eum

Institute; and b) parallel plate separators. In either case,
removal is a function of residence tinme, 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 oil globules with a dianeter greater than 150
m crons and achieving effluent levels of free oil as |ow as 100
nmg/ L. Parallel plate separators are generally designed to renove
oil gl obules greater than 60 mcrons in dianeter, and can neet
effluent limts as low as 50 ng/L of free oil. The total oi
content of the effluent wll be greater, depending on the anount
of emulsified and dissolved oil present. Oher factors will also
affect the efficiency of oil renoval, including oil-specific
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gravity, droplet size, OA5 hydraulic retention tine, and
t enperat ure.

Wi le gravity separators are designed to renove oil,
they also function as a sedinentation unit. As a result, solid
particles nore dense than water will tend to settle out and
provi sions nmust be included to renove accunul ated sol i ds.

Know edge of the solids content of the influent wastewater stream
is particularly inportant in the selection of parallel plate
separators because they are prone to increased nmaintenance and

cl oggi ng probl ens.

5.5.1.1 Conventional Gavity Separators. A typical
conventional separator systemis shown in Figure 11. 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 is used to
remove free oil that has already separated fromthe oil/water
m xture during conveyance to the unit. Two baffles separate the
i nfluent 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 oil and scumfromentering the main chanber, and all ows
it to be skimed off through an overflow pipe. The |ower baffle
extends fromthe bottomand is used to direct 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 ot her under
gui escent conditions. The wastewater velocity is kept very | ow,
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 accunmul ated solids are renoved

either manually or by a vacuumtruck. |If the floor is sloped, the
solids can be renoved fromthe hopper or V-bottomtrough by
punpi ng or gravity discharge while the unit is still in service.

Were | arge anounts of solids are antici pated,
mechani cal equi pnent may be provided to nove the solids to the
collection point. A chain-drive nmechanismis nost common.
Attached between a pair of chains are crosspieces, or “flights,”
extending the full width of the tank or bay and spaced at
specific intervals. Flights have been wooden in the past but are
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now al so being constructed of alternative materials. Settled
solids are dragged to the solids hopper at one end of the tank
and renoved.

An oi |l -ski mm ng device should be provided at the end of
the separation chanber. The rotatable, slotted-pipe skinmer is
the nost comon type. Oher oil-skimm ng devices include belt
skimmers and floating skinmrers. The waste oil collected by the
skinmrer is discharged to a waste oil holding tank. The tank
shoul d be designed so that confined space entry is not required
for operation or maintenance.

RECOVERED OIL
TO TANK FARM

DECANTED WATER m
ADJUSTABLE DECANT TANK
SLOTTED PIPE OIL
SKIMMER
v Ny SKIMMINGS
- Nmm? PUMP
o
WASTEWATER
FEED
> TREATED
RAFFLES<] Ly WASTEWATER 5
\l
TANK
DRAIN
-
SOLIDS TO
THICKENING
AND DISPOSAL
Figure 11

Conventional Gavity Separator
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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 sewerage systemor to additional treatnment if
necessary.

5.5.1.2 Parall el Plate Separators. A typical parallel plate
separator systemis shown in Figure 12. Parallel plate
separators function on the sane principles as conventi onal
gravity separators, but they require | ess space and are
theoretically capable of achieving | ower concentrations of
effluent oil. The size of the unit is reduced by incorporating
an array of closely spaced parallel plates within the separator
chanber, thereby increasing the surface settling area. Flow
through a parallel-plate unit can be two to three tinmes that of
an equivalently sized conventional separator. The oil is renoved
by passing the wastewater at |am nar velocity through the pack of
cl osely spaced plates, which are constructed at various inclines
ranging from45 to 60 degrees. These oil droplets rise and are
trapped along the bottomof the plates. The oil droplets

coal esce and gradually nove upward al ong the bottom of the

pl ates, eventually collecting at the surface of the tank. The
plates aid in separation in the foll ow ng ways:

a) Preventing short-circuiting of the oily waste
b) I ncreasing effective settling area
c) Enhanci ng contact/aggl oneration of oil particles

Suspended solids settle to the bottomand are coll ected
in a sludge well. Fromthe well, sludge is punped or w thdrawn
by gravity to waste. |If sludge transfer is by gravity
di spl acenent, an automatic valve is usually provided. The plates
in parallel-plate separators nmay be nade of an ol eophilic (oi
attracting) material, such as pol ypropyl ene, fiberglass, or
nylon, to pronote coal escence of oil droplets. For this reason
the units are sonetines referred to as coal escing plate
separators. Coal escing separators are usually recomended only
for light oil |oadings when a higher |level of oil renoval is
required, the wastewater stream contains mniml solids
concentrations, and the facility is conmtted to the additional
mai nt enance procedures required to keep the coal escing pack free
of debris. The plates may al so be constructed in a corrugated
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configuration with alternate troughs and ridges, such as in the

so-called Corrugated Plate lnterceptor (CPl)
L \ 7

RECOVERED-OIL
PUMP RECOVERED OIL

_
-/ >
[ o
= ’
TREATED

WASTEWATER
DECANT SKIMMINGS
TANK PUMP

SOLIDS TO
THICKENING
AND DISPOSAL

WASTEWATER
FEED

»

SETTLED
SOLIDS
PUMP

Figure 12
Paral l el Plate Separator

5.5.2 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 13.
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
m cron size range. The addition of coagulants, such as salts of
iron and alum numw th or w thout organic polyelectrolytes, nmay
further enhance the effectiveness of the air flotation process in
removing enul sified oil.

Adequat e | aboratory or pilot studies are necessary, and
adequate justification for the additional maintenance
requi renents shoul d be docunented before selecting an air-
flotation unit for oil-water separation. OCriteria for design of
these units are provided in the EPA Manual 625/1-79-001, Process
Desi gn Manual for Sludge Treatnent and Disposal and will not be
descri bed further herein.

5.5.3 Treatnment of Enulsified Ql

5.5.3.1 Destabilization. Treatnment of oil enulsions is usually
directed toward destabilizing the dispersed oil droplets, causing
themto coalesce and formfree oil. The process typically
consists of rapidly m xing coagul ant chem cals with the waste-
water, followed by gentle mxing (flocculation). The aggl onerated
oil droplets may then be renoved by gravity or flotation.

5.5.3.2 Chem cal Processes. Alternative chem cal emnul sion

br eaki ng processes include either the addition of acid (acid
cracking), iron or alumnumsalts (coagul ation), or chem cal

enmul sion breakers. In acid cracking, the pHis reduced to
approximately 3 to 4, so the wastewater nust be neutralized after
oil -water separation. The use of iron or alumnumsalts with or
wi t hout pol yelectrolytes may be | ess costly, but produces
additional solids fromthe chem cal precipitates. Proprietary
chem cal enul sion breakers are very effective, but they are nore
costly than iron or alum numsalts. A nunber of proprietary
enul si on breakers are avail able through specialty chem cal
suppliers. Different products should be eval uated t hrough bench-
scale tests to determ ne which is nost effective in a particular
appl i cation.
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Di ssolved Air Flotation
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Sone factory manufactured OA5s are designed with
enul si on breaki 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. Further
gui dance in the treatnent of enulsions is given in API
Publ i cati on 421.

5.5.3.3 Mechani cal | npingenent and Filtration Processes. O her
met hods for renmoving enulsified oil 1 nclude nmechani cal

i npi ngenent devices and filtration. Representative of the forner
are the so-called coalescing filters and the cartridge-type
enul si on breakers that are used as the final step in the Fram
oily water separation system (following solids filtration or
sedinentation and free oil renoval). The Framtype cartridge
unit contains a nedi um containing nunerous small (25 m crons),
irregul ar, continuous passages through which the wastewater
flows. The ermulsion is broken by inpingenent of the oil droplets
on the surface of the nedium The cartridge can be backwashed
and/ or replaced. Coal escing-type separators are recomended only
for light oil |oadings when a higher |level of oil renoval is
required, the wastewater stream contains mniml solids
concentrations, and the facility is commtted to the additional
mai nt enance procedures required to keep the unit free of debris.

Pressure filters may al so be used to renove dilute
concentrations of nmechanically emulsified 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 is expected to
be extrenely rare, so the design of these units is not covered
herei n.

5.5.4 Treatnment of Dissolved OQl. Treatnment of dissolved oi
is also not normally practiced at mlitary bases. D ssolved oi
that m ght be present would be expected to be renoved by the

bi ol ogi cal treatnent processes enployed by the FOTWor POTWto
whi ch the wastewater is discharged. Were pretreatnent of

di ssolved oil at an upstream |l ocation is required, adsorption
woul d be the probable nethod of choice. There are other
treatment technol ogi es such as nenbrane filtration and advanced
oxi dati on techni ques, but these technologies are rarely cost
effective conpared to adsorption or biological treatnent.

5.6 Design of OABs. Design of conventional and parallel-
pl ate OAS systens requires proper characterization of the
wast ewat er, establishment of the design flow, sizing of the
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separator, and proper flow attenuation/flow equalization of the
influent. The designer should work to identify the user’s needs
and the capability of any vendor-supplied equi pnment. These
aspects of system design are discussed in the follow ng

par agr aphs.

5.6.1 Wast ewat er Characterization. |f possible, the
wastewater to be treated should be analyzed for total oil and
grease using conventional nethods given by EPA, Standard Met hods,
or American Society for Testing and Materials (ASTM. In
addition, the free, enulsified, and dissolved oil fractions
shoul d be determ ned by the nethod described in APl Publication
421 referred to in par. 5.2.3. In the absence of data, a design
gl obul e di anmeter of 150 m crons can be assuned for the design of
conventional separators and 60 mcrons for parallel-plate
separ at or s.

As indicated previously, although OANSs are designed to
remove free oil they also renove solids. Therefore, the solids
content of the wastewater is inportant in overall system design.
Anal yses should 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 OWS.

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 has a major
i npact on the efficiency of the separator, with poorer separation
occurring at |lower tenperatures. Separators are not designed to
renmove pollutants such as phenols, solvents, and heavy netals.
These pol lutants should be addressed by the use of pollution
prevention techniques.

5.6.2 Site Considerations. The OA5 shoul d be designed to be
readily accessible for maintenance and i nspection. Visual

i nspection and the ability to probe for solids |levels are
critical to good operation. Aboveground units are the easiest to
access for mai ntenance and inspection. |f belowground units are
used, they should have adequate access points for inspection and
cl eaning. Belowground units should also be installed with a
liner and | eak-detection system

5.6.3 Est abli shing the Design Flow The efficiency of
separation al so decreases when fl ow exceeds the design capacity
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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 wast ewater
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,
an alternative to constructing a |larger separator is to separate
or divert extraneous flows fromthe system For exanple, an
out door washrack could be curbed and provided with a manual |y
controlled valve to allow stormrunoff to be diverted to a
separate drain during rainfall periods. |In general, flow
equal i zati on upstream of an OA5 is beneficial where the OA5 woul d
ot herwi se experience slug | oads.

5.6.4 Design Criteria for Conventional Separators. The
foll ow ng paranmeters should be considered in the design of
conventi onal OWSs:

a) Design fl ow

b) M ni nrum wast ewat er tenperature

c) Wast ewat er specific gravity

d) Wast ewat er absol ute (dynam c) viscosity
e) Wastewater oil-fraction specific gravity

f) M ni mum gl obul e size to be renoved, usually
150 m crons

g) Type and anount of detergents present in the
wast ewat er and potential changes in future detergent use
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h) The quantity of solids to be renoved and handl ed
i) The effluent or pretreatnent limts to be net

Design criteria should conformto criteria established
by the API, as foll ows:

a) Hori zontal velocity through the separator shoul d
be I ess than or equal to 3 feet per mnute or equal to 15 tines
the rise rate of the oil gl obules.

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

c) The ratio of separator depth to separator w dth
should typically be in the range of 0.3 to 0.5.

d) A mninmumlength-to-width ratio of 5is
recommended.

e) Where continuous service is required, a backup
channel or unit should be provided.

For a step-by-step design procedure, refer to API
Publication 421. M L-HDBK-1005/9 al so contains design
i nformati on.

5.6.5 Design Criteria for Parallel-Plate Separators.
Paral l el -plate OA5s are furnished as pre-engi neered, factory-
assenbled 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, except that a smaller design gl obule
di aneter of 60 mcrons is usually assunmed. The perpendi cul ar

di stance between plates typically ranges fromO0.75 to 1.5 inches
(2 to 4 cnm, and the angle of plate inclination fromthe

hori zontal typically ranges between 45 and 60 degrees.

Pl acenment of the OA5 to provide accessibility is
particularly inportant for parallel-plate separators.
Accessibility is essential for maintaining the parallel plates in
t he separation chanber, which may require frequent cl eaning.
Renoval for cleaning wth high-pressure cleaning equipnment is the
procedure of choice. |If cleaning in place is used, a hose
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connection and proper provisions to mnimze worker health and
safety risks should be provided. |If high solids concentrations
are present, it nmay be advisable to install a sedinentation basin
upstream of the O

5.7 O 1/ Sl udge Renpval and Di sposal. Sludges and oils that
are not periodically punped from separator hol ding tanks can
render OASs inoperative. Reliable oil renoval fromthe surface
of the separation chanber is a frequent problemw th both
comercially avail able units and cust om 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 coommonly referred to as
a “vacuunt’ or "vac-all” truck

Ols and oily sludges renoved fromthe OAN5 nay be
di sposed of by reuse/recovery, incineration, sale by the Defense
Reutilization and Marketing O fice (DRMD, waste hauler,
landfill, and |l and disposal. It is recommended that final
di sposal options be evaluated concurrently with oil/water
separation nmethods and environnental requirenments to establish
the nost cost-effective total system The sludge nay require
regul ation as a hazardous waste if levels of pollutants exceed
RCRA or state hazardous waste levels. Further, a | eaking OAS
cont ai ning a hazardous waste can result in designation as a solid
wast e managenent unit (SWWJ) and be subject to corrective actions
under RCRA regul ations (40 CFR Subpart F).

5.8 @ui dance Docunents. The foll ow ng docunents provide
addi tional guidance in designing or selecting ON6s. Also refer
to the References section in this handbook.

a) ETL 1110-3. Sel ection and Design of OA5 at Arny
Facilities, Arny Engineering and Technical Letter August 26,
1994. This ETL is a conprehensive design gui dance docunent for
ons

b) M L- HDBK- 1005/ 9. Industrial and Oly Waste

Contr ol

c) APl Publication 421. Design and Operation of Q| -
Wat er Separators, Anmerican PetroleumlInstitute, 1220 L Street,
Nor t hwest, Washington, D.C. 22005, February 1990.
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d) HQ USAF/ CE Menorandum QI /Water Separators:
Oper ati on, Mi ntenance and Construction, October 21, 1994. This
meno 1 ncludes the Environnental Conpliance Policy for OAS
Oper ati ons, Mai ntenance, and Construction.

e) HQ AFCEE Pro- Act Fact Sheet. QI /Water
Separators, Decenber, 1996. (Wb Address:
htt p//ww. af ces. brooks. af. m | /pro_act/main//proact4. htn).
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Section 6: PACKAGE PLANTS AND SMALL FLOW TREATMENT SYSTEMS

6.1 Ceneral. Treatnent systens handling |l ess than 1.0 ngd
(3.8 M./d) are generally considered small flow treatnent systens.
MIlitary bases often have renote facilities or groups of
facilities serviced by small flow treatnent systens. This
section provides general information on designing for small flow
treatnent systens as well as information on specific systens that
are not covered in the Primary Design Gui dance Docunents. Also
included at the end of this section is a discussion on the proper
use of garbage grinders and grinder punps in collection systens
feeding small flow systens and package pl ants.

6.1.1 Types of Small Flow Treatnment Systens. The primary
treatnent systens used for small flow applications are package
treatnent plants, Inmhoff tanks, septic tanks, nmound systens, and
waterless toilets. Filtration/reuse systens are soneti nes added
to Imhoff tanks or septic tanks when additional treatnent of the
effluent is necessary. WEF MOP 8 addresses |Inhoff tanks. The
remai ning small flow treatnment systens are described in this
section.

6.1.2 Uni que Characteristics of Small Fl ow Treat nent Systens.
Package plant units are generally nodularly constructed steel
units assenbl ed onsite fromfactory-supplied, pre-assenbled
conponents. These treatnent systens can provide treatnment within
a range of about 10,000 gpd up to approximately 1 ngd per
treatnment unit. For package plant systens, the principles of
design do not differ fromlarger treatnent plants, although the
choi ce of equipnent usually will. This difference usually stens
fromeconom es of scale: certain operations are economcally
feasible only on a large scale. Types and characteristics of
package plant systens and a typi cal package plant |ayout are
provided in this section.

In contrast, Inmhoff tanks, septic tanks, nound systens,
and waterless toilets are only applicable to very small fl ows.
Smal | flow systens nust nmake | arger safety factor all owances for
flow variation and tenperature effects relative to tota
wastewater flows than | arger treatnment systens. Wile small flow
systens inherently have | ess operational flexibility, they are
capable of performng effectively and efficiently. Design
criteria for septic tanks, nound systens, waterless toilets, and
filtration/reuse systens are given below follow ng the sections
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on package plant systens. (See also Field and Laboratory Studies
of Onsite Household Wastewater Treatnent Alternatives, Hutzler

et al., 1984; and Biol ogi cal Wastewater Treatnent: Theory and
Applications, Grady and Lim 1985.)

6.2 Package Pl ant Systens. These systens conbi ne processes
such as aeration, settling, and solids treatnment in a single

mul ti conpartnment tank. Potential savings result from design
standardi zati on and factory production.

6.2.1 Types of Treatnment Processes. Refer to Table 8 for
classification according to the biological process enployed and
ot her characteristics. Select the treatnent type according to

t he bi ol ogical process. Note that sonme treatnment types require
separate primary settling. See Figure 14 for a typical treatnent
pl ant | ayout and a flow di agram i ncorporating a secondary
treatnent activated sludge package unit.

6.2.2 Eval uation of Particul ar Packages. For nost treatnent
types, conpetitive packages are available fromdifferent

manuf acturers. Evaluate proprietary features and performance by
cross-checking with manufacturers and with operators at an actual
installation. Use package plants certified by the National
Sanitation Foundation. Refer to NCEL CR-70.11, Analysis of

Wast ewat er Treatnment and Di sposal Systens for Advanced Bases

6.2.3 Performance Certification. Specify requirenents based
on the eval uation described above. Specify the nethod of
operation and performance testing and indicate the penalties for
failure to conply, including conditions requiring renoval or

repl acenent.

6.2.4 Capacity Ranges. Typical popul ation equival ents for
vari ous biol ogical processes avail able fromvendors or as package
units are shown in Table 8  These systens, depending on their
size, may be supplied either as skid-nmunted assenblies, or as
field assenbled units from package parts supplied by a

manuf acturer. Table 8 also includes information about process
types, as well as a description of units, disposal
recomendati ons, aeration nethods, and applications.
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86




Downloaded from http://www.everyspec.com

M L- HDBK- 1005/ 16

I AN

e
(D

Z; 50-0"(15.2 m) MIN

A L

500" (15.2 m) MIN

T

SLUDGE DRYING BED
(OPTIONAL)

il

SUMP FOR
UNDER-
DRAIN

SLUDGE DRYING BED
(OPTIONAL)

FENCE LINE

L

ONSITE |
PUMPING
STATION

MECHANICAL
BAR SCREEN
OR COMMINUTORS

@WET WELL

00" (3 m) MIN ENTRY

) \

SLUDGE DRYING BED
(OPTIONAL)

/ANCED
TREATMENT UNIT NQ. 1

CONTROL CHLORINE |
iBUILDING ‘/\ CONTACT ‘
TANK) |
STORAGE | CHLORINE ‘ ‘n “‘
power | M| T :‘q ‘ }7 5
ROOM
A s 0, 1 EY
LJ\ |9 3l
PARSHALL | |
FLUME 2
0|
T
_____ A S
i
\
\

e

. IF ADVANCED TREATMENT REQUIRED. IF NOT REQUIRED
USE MANHOLE INSTEAD OF SPLITTER BOX

TYPICAL LAYOUT

RECEIVING WATERS

87

Figure 14 (Conti nued)




Downloaded from http://www.everyspec.com

M L- HDBK- 1005/ 16

WASTE SLUDGE AIRLIFT
FROM FINAL SETTLING
TANK SLUDGE HOPPER TANK INFLUENT

FINAL SETTLING EFFLUENT TROUGH
FINAL SETTLING

VALVED AIR FEEDERS
(VALVES NOT SHOWN)
AEROBIC DIGESTER ZONE

RETURN SLUDGE AIR LIFT
FROM FINAL SETTLING TANK
SLUDGE HOPPER

TROUGH

TO SLUDGE DISPOSAL

\

' S

\
S
X
N
J

TYPICAL
BERM

AR DIFFUSER (TYP)
MIXED LIQUOR TO

FINAL SETTLING INFLUENT WELL
SLUDGE HOPPER

MIXING AERATION ZONE

FOAM CONTROL PUMP WITH INLET SCREEN

& SPRAY SYSTEM (TYP)

ADJUSTABLE
V-NOTCH INLET
WEIR

PLANT AIR
SUPPLY HEADER

SETTLING TANK EFFLUENT

PACKAGE SECONDARY UNIT
(STEP AERATION SHOWN)

Figure 14 (Conti nued)

88

INFLUENT DISTRIBUTION




Downloaded from http://www.everyspec.com

M L- HDBK- 1005/ 16

6.3 Septic Tank Systens. Septic tanks, with appropriate

ef fl uent disposal systens, are acceptable as a treatnent system
for isolated buildings or for single-unit residential buildings
when permtted by regulatory authority and when alternative
treatment is not practical. Wen soil and drainage
characteristics are well docunented for a particular site, septic
tank treatnent may be permanently feasible.

Because the septic tank treatnent systemis a
bi ol ogi cal process, and because it usually discharges directly
above shall ow groundwater, it is particularly inportant that
toxi ¢ or hazardous chem cals are not discharged to it.
Di scharging industrial wastewater to septic tanks violates the
underground injection provisions of the Safe Drinking Water Act
(SDWA). I n addition, grease and nonbi odegradabl e products shoul d
not be discharged into these systens since these products can
cl og system conponents.

For this reason, use of garbage grinders in donestic
and |ight coonmercial facilities serviced by septic tank systens
shoul d be di scouraged. For these users, food and other Kkitchen
wast es shoul d be di sposed of entirely through the garbage
coll ection system Designers are cautioned to evaluate the
sources of waste carefully before designing a septic tank system
and to advi se upstream sewer users of appropriate discharges and
source control to prevent inproper releases to septic tank
syst ens.

6.3.1 Size. Septic tanks performsettling and digestion
functions and are effective in treating from21 to 300 popul ati on
equi val ents of waste. (A popul ation equivalent is considered to
be approximately 100 to 120 [380 to 450L] gallons per capita per
day of domestic strength wastewater.) GCenerally, septic tanks
shoul d be used only for 1 to 25 popul ati on equi val ents, except
when septic tanks are the nost econom cal solution for |arger
popul ations within the above range. Mnimmsize wll be at

| east a 500-gallon (1,900-L) capacity. In designing tanks, the
l ength-to-width ratio should be between 2:1 and 3:1, and the
liquid depth should be between 4 and 6 feet (1.2 and 1.8 m.
(Refer to Figure 11 and see MIlitary Standard Draw ngs

No. 26-20-01 and 26-20-02 for details of construction.)
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6.3.2 Detention Tinme. Detention tinme depends largely on the
met hod of effluent disposal. When effluent is disposed of in
subsurface absorption fields or |eaching pits, 24 hours of
detention tinme based on average flows is required. The septic
tank shoul d be sized to provide the required detention (bel ow the
operating liquid level) for the design daily flow plus an

addi tional 25 percent capacity for solids storage. |If secondary
treatment such as a subsurface sand filter or an oxidation pond
is provided, this period can be reduced to 18 hours. Open sand
filter treatment can further reduce detention tine to 10 to

12 hours.

6.3.3 Ef fluent Disposal. Absorption field and |eaching well
di sposal should normally be limted to small facilities (less
t han 50 popul ation equivalents). If the total population is over

50, then nore than one entirely separate field or well would be
acceptable. For 10 or nore popul ation equival ents, discharge of
effluent will be through dosing tanks, which periodically

di scharge effluent quantities near 80 percent of the absorption
system capacity.

6.3.3.1 Subsurface Absorption. Subsurface absorption can be
used in conjunction wth septic tank treatnent when soi
conditions permt. Percolation tests should be perforned as
required by the U S. Public Health Service, and the groundwater
tabl e at the highest known or anticipated | evel should not reach
any higher than 2 feet (0.6 m below the invert of the | owest

di stribution |line.

Absorption fields normally consist of open-joint or
perforated distribution pipe laid in trenches 1 to 5 feet (0.3 to
1.5 n deep and 1 to 3 feet (0.3 to 0.9 m wde. The bottons of
the trenches are filled with a m ninumof 6 inches (15 cn) of
3/4- to 2-1/2-inch rock or gravel (Figure 16). The perforated
distribution pipe is laid on top of this rock, and the open
joints between pipe |l engths are covered to prevent cl ogging.

More rock is placed carefully over the pipe network, and then a
sem perneabl e nenbrane i s used over the rock | ayer to prevent
fine, grained backfill from clogging the drai nage zone.

Di stribution pipe nay be spaced as close as 2 feet (0.6 m if the
rock beneath is deep, the subsoil porous, and distance to bedrock
greater than 4 feet (1.2 n).

CGenerally, distribution pipelines are 3 to 6 feet
(0.9 to 1.8 m apart laterally and are no |onger than 100 feet
(30 m. Consult EPA 625/1-80-012, Process Design Manual for
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Onsite Wastewater Treatnent and D sposal Systens, for conplete
details and | each field special design information. M ninmum
depth of trench will be 18 inches (46 cm, with 12 inches (30 cm
of backfill. Invert slopes will be 0.3 percent when dosing tanks
are used and 0.5 percent when not used. Soil absorption systens
will be 100 feet (30 m) fromwater supply wells, 50 feet (15 m
fromstreans, 10 feet (3 m fromany dwelling or property lines.
Soil testing is a required prerequisite for any subsurface

di sposal of waste. EPA 625/ 1-80-012 Chapter 3 specifies soi
testing net hodol ogi es, including the standard Falling Head
Percol ati on Test procedure used to estimate | ocal percol ation
rates. Local and state regul ations should al so be consulted
because they often provi de neani ngful guidance for the soil types
in specific geographical areas.

6.3.3.2 Leaching Wells. Leaching wells can be used for septic
tank effluent disposal where subsoil is porous. Although
absorption beds are generally preferred, site characteristics and
cost considerations may encourage the use of a | eaching well.
Wells are constructed with masonry bl ocks or stone with | ateral
openi ngs and gravel outside to prevent sand fromentering the
well. |If nore than one well is required, space the wells at
intervals with at least twice the dianeter of a well as distance
bet ween wel |l hol e sides.

The percolation area is the area on the side and bottom
of the hole for the I eaching well. The bottom of a |eaching well
should be 4 feet (1.2 n) above seasonal high water. See
Figures 17 and 18 and EPA 625/ 1-80-012. c.

6.3.3.3 Subsurface Sand Filters. Septic tank effluent can al so
be applied to subsurface sand filters. Subsurface explorations
are always necessary. Cogging and installation costs are
significant di sadvantages. Where recirculatory sand filters are
used, dose rate may range between 3 and 5 gallons per day per
square foot (gpd/sq ft) (0.12 and 0.2 cubic neters per day per
square neter [cu mld/sqg mM). Consult EPA 625/1-80-012;
Intermttent Sand Filtration for Upgrading Waste Stabilization
Pond Effluents, Harris et al., 1977; and Intermttent Sand Filter
Desi gn and Performance: An Update, Royayne et al., 1982, for
appropriate procedures for site evaluation and design paraneters.
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3-6 FT SPACING GENERALLY
(MINIMUM TRENCH
SIDEWALLS SPACING IS 18")

COVER 6" TO 12" UNLESS
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Distribution
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DISTRIBUTION v
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EVEN "} 3-6FT | 36T —
WASTEWATER ROCK e 6-12 IN. OF
DISTRIBUTION J — 3/4 TO 2-1/2 INCH DIA. ROCK

WATER TABLE OR
CREVICED BEDROCK

Figure 16
Subsurface Absorption System

93




Downloaded from http://www.everyspec.com

M L- HDBK- 1005/ 16

6.3.3. 4 Percol ation Tests. 1In the absence of groundwater or
subsoil information, subsurface explorations are necessary. This
investigation may be carried out with shovel, posthole digger, or
solid auger with an extension handle. |In sonme cases the

exam nation of road cuts or foundation excavations wll give
useful information. |f subsurface investigation appears

sui tabl e, percolation tests should be made at typical points
where the disposal field is to be located. Percolation tests
determ ne the acceptability of the site and serve as the basis of
design for the liquid absorption. Consult EPA 625/1-80-012 for
percol ati on test procedures.

6.4 Mound Systens. Many installations are sited on

| ow-1ying plains, reclainmed swanps, or poorly drained areas.
Saturated soil conditions or a high clay content, a high water
tabl e, shallow depth to bedrock, and sl ow percol ati on nake
ordinary soil disposal techniques unfeasible (see On-Site
Treatnment, Boyle and Ois, 1982). In these situations, the
septic tank nmound system nmay then be feasible.
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Figure 17
Seepage Pit Cross-Section
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Leaching Field Cross-Section
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6.4.1 Description. A typical nound systemis shown in
Figure 15. A siphon may replace the punp if the nound is | ocated
downsl ope. The nound itself consists of fill material, an
absorption area, a distribution system a cap, and a covering of
topsoil. Effluent is dosed into the absorption area through the
distributor piping. The fill material provides the najor zone of
purification before the cleansed effluent passes into the buried
topsoil of the original soil line. The cap is of fill, deep
enough to protect the piping; it should be sloped and contain
sufficient silt and clay to encourage runoff of rainfall.

The topsoil above is seeded with grasses to prevent erosion and
encourage sone evapotranspiration. |In pervious soils above

shal | ow bedrock, the nound shoul d be deep enough to provide
absorption of pollutants before they can infiltrate bedrock and
ent er groundwat er.

6.4.2 Site Considerations. Table 9 summarizes soil and site
factors that restrict nound systens. |In using Table 9,
percolation tests are usually run at 20 to 24 inches (50 to

61 cnm) fromthe natural surface. As shown for slowy perneable
soil, if the percolation rate is |l ess than 60 m nutes per inch
(mn/in.)(24 mn/cn), the soil is perneable so that the sl ope of
the site may be cautiously increased to keep effluents in the
upper soil horizons. |If the percolation rate is greater than
120 mn/in. (48 mn/cm, then the soil is so inperneable as to
di sal l ow use of a standard nound system Soil characteristics,
wat er table depth, and anobunt of |arge fragnments dramatically

i nfl uence nound design. Figure 19 illustrates a nound system
using two trenches, while Figure 20 shows the bed absorption
system For further information on design criteria and
installation, see EPA 625/1 80-012.

6.4.3 Depth to Pervious Rock. A mninmumof 24 inches (61 cm
of unsaturated natural soil 1s required beneath the nmount. This
natural soil provides additional purification capacity and serves
as a buffer in protecting the groundwater from contam nation. It
al so reduces the amount of fill material needed for the nound,
serving as a part of the unsaturated soil needed for
purification.

97



Downloaded from http://www.everyspec.com

M L- HDBK- 1005/ 16

TOPSOIL CAP

$ERSION FOR
: SURFACE WATER

h fe.d i ]
% SLOPE PLOWED LAYER

ABSORPTION AREA PIPE FROM PUMP
(COARSE AGGREGATE)
MARSH HAY DISTRIBUTION LATERAL

6" TOPSOIL

7% SLOPE
TRENCH OF 1/2"-2" PIPE PLOWED LAYER
COARSE AGGREGATE FROM
PUMP

A detailed cross-section of a mound using trenches for the absorption area.
Normally used on slowly permeable soil sites.

D or E = Fill depth (1' minimum if water table is 2' beneath soil surfaces)
F = Trench or bed depth (minimum 9", 6" below pipe)

C = Frost protection cap, runoff promoter

H = Cap apex, minimum 1.5'

]
_ . 1
(1, . )
I -—K —_—
o e e e A e e ey
T | PIPE FROM PUMP—~
C: | - - L
H [
= i
HE__{___ L e
T DISTRIBUTION TRENCH OF 1/2"-2"
i LATERAL COARSE AGGREGATE
;
| SR S
A = Bed or trench width
B = Bed or trench length
C = Spacing between trenches
K = End slope length
| = Downslope
J = Upslope
L = Length

A detailed plan view of a mound using trenches for the absorption area. This
system recommended for slowly permeable soils with high water tables.

Figure 19
Mound System —Trenches
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Table 9
Soil and Site Factors That Restrict Mund Systens
Per meabl e
Soils with Permeabl e Soils
Restricting Sl ow y Per vi ous wi th High
Factors Permeabl e Soils Bedr ock Wat er Tabl e
Per col ati on 60- 120 mn/in. 3-60 mn/in. 3-60 mn/in.
rate(a) (24 to 48 1.1 to 24 (1.1 to 24
m n/cm m n/cm m n/cm
Depth to 24 in. 24 in. 24 in.
previ ous rock (61 cm (61 cm (61 cm
Depth to high 24 in. 24 in. 24 in.
wat er tables (61 cm (61 cm (61 cm
Depth to 60 in.(b) 60 i1 n. 60 in.(b)
i nper neabl e (152 cm (152 cm (152 cm
soil layer or
rock strata
Depth to 50% 24 in. 24 in. 24 in.
by vol une rock (61 cm (61 cm (61 cm
fragnments
Maxi mum sl ope 6% 6- 129% c) 6- 129% c)
(a) Percolation test depth at 24 inches, 12 inches, and 24 inches
(61 cm 30 cm and 61 cm for slowy perneable, shallow
soils, and high water table soils, respectively, unless there

is a nore restrictive horizon above.
24 inches (61 cm,

(40 cm
(b)
(c)

For

See discussion in text (par.

percolation rate of 3 to 29 mn/in.
maxi mum sl ope is 12 percent and for 30 to 60 mn/in.

6.4.5).

24 mn/cm, maxi num slope is 6 percent.
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DIVERSION FOR
SURFACE WATER

TOPSOIL CAP

S SLOPE TR ~ PLOWED LAYER
ABSORPTION AREA  PIPE FROM PUMP
(COARSE AGGREGATE)

PISTRIBUTION LATERAL

MARSH HAY e i

FILL e P T
TOPSOIL —_-«_g.-r-'"m
R e I .. _I I !, .-'..".-__

T
PIPE PLOWED LAYER

. .

T T % SLOPE

" BED OF -4
112" FROM
COARSE AGGREGATE PUMP

A detailed cross-section of a mound using a bed for the absorption area. Normally
used on shallow permeable soils with creviced bedrock or permeable soils with
high water tables.

D or E = Fill depth (1' minimum if water table is 2' beneath soil surfaces)
F = Trench or bed depth (minimum 9", 6" below pipe)

C = Frost protection cap, runoff promoter

H = Cap apex, minimum 1.5'

L
] R
Jd o, B — K
L T L T
w -1 PIPE
DISTRIBUTION  Bep OF 1/2"-2" FROM
| LATERAL COARSE AGGREGATE ' UMP
. ~
A = Bed or trench width
B = Bed or trench length
K = End slope length
| = Downslope
J = Upslope
L = Length
A detailed plan view of a mound using a bed for the absorption area.

Fi gure 20
Mound System — Beds
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6.4.4 Depth to H gh Water Table. In nmound systens, the
absorption area is rali sed above the natural soil to keep the
bottom of the trenches as least 2 feet (53 cm above groundwater,
as well as creviced or porous rock or relatively inperneabl e
soils. H gh water tables can be determ ned by direct observation
or by soil nottling. Occurrence of grey and red soil nottling
phenonmena can be used to indicate periodic saturation with water.
However, |ack of nottling does not always nean that seasonally
perched water does not occur. Looking at nottling is neaningful,
but direct observation is preferable if there is any doubt.

6.4.5 Depth to Inperneable Soil Layer or Rock Strata.

The depth to i nperneable soil or rock strata can vary over a
range (see Figures 19 and 20). The optinumdistance will vary
for a given site. Provide sufficient area so that the effl uent
can nove away fromthe nound. Oherwi se, effluent will build up
in the nound and cause seepage out the toe of the nound.

Climatic factors, soil perneability, slope, and system
configuration affect this distance. Slowy perneable soils
require nore area to renove the effluent fromthe nound than do
perneabl e soils. Frost penetration reduces the effective area
for lateral novenent; thus, in warnmer climates, depth
requi renents are not as great as for colder climtes.

Level sites require shallower depths than do sl oping
sites, as nore area is available for effluent dispersal since the
effluent can nove in several directions. Less depth is required
for long narrow nounds than is required for nore square systens
because the square system concentrates the liquid into a smaller
ar ea.

6.4.6 Depth to 50 Percent Vol une Rock Fragnments. Rock
fragments do not assist in purification and di sposal of
effluents. They cause the effluent to be concentrated between
the fragnents. This may lead to saturated flow and, thus, poorer
purification. If the soil contains 50 percent rock fragnments by
vol une in the upper 24 inches (61 cn) of soil, then there is only
half the soil available for purification and disposal of the
effluent. Depths greater than 24 inches (61 cm should be used
if the soil beneath the nound contains nore than 50 percent by
volume of rock fragnments. This is especially true for perneable
soils over creviced bedrock and in areas where the high water
table may intersect a potable water supply.
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6.4.7 Slopes. Site selection is very inportant. The crested
site is the nost desirable because the nmound can be situated such
that the effluent can nove laterally down both slopes. The |evel
site allows lateral flowin all directions but may present

probl ens because the water table may rise higher beneath the
mound in slowWy perneable soils. The nbost comon site is the
sloping site, where all the liquid noves in one direction, away
fromthe nmound. However, proper design can overcone this
limtation, especially in the |less perneable soils. Place the
mound upsl ope and not at the base of the slope. On a site where
there is a conplex slope, situate the nound such that the liquid
is not concentrated in one area of the downsl ope. Upslope runoff
shoul d be diverted around the nound.

Mounds require nore stringent slope specifications than
conventional systens because of their reliance on |ateral novenent
of effluent through the upper soil horizons. Lateral novenent
becones nore inportant as soil perneability becones |ess. Thus,
on nore slowy perneable soils, the maxi mum al | owabl e sl opes are
|l ess. For the nore perneable soils (3 to 29 mn/in. [1.1 to
11 mn/cm), slopes up to 12 percent should function w thout
surface seepage because |l ateral novenent is not so great. For
tighter soils (30 to 120 min/in. [12 to 48 m n/cm ), slopes should
not exceed 6 percent. For sloping sites, the downsl ope distance
(I') nmust be I engthened and the upsl ope di stance (J) shortened.
Table 10 may be used for this cal cul ation.

Tabl e 10
Correction Factors for Munds on Sl oping Sites

Sl ope Downsl ope (1) Correction Downsl ope (J) Correction

(percent) Fact or Fact or

0 1.0 1.0

2 1.06 0.94

4 1.14 0. 89

6 1.22 0. 86

8 1.32 0. 80

10 1.44 0.77

12 1.57 0.73
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6.4.8 Special Siting Considerations. Construction of nound
systens as well as conventional systens is not recomrended in

fl ood plains, drainage ways, or depressions. Cenerally, sites
with large trees, nunerous smaller trees, or |large boulders are
unsui table for the nmound system because of the difficulty in
preparing the surface and the reduced infiltration area beneath
the mound. As with rock fragnents, tree roots, stunps and

boul ders occupy space, thus reducing the amount of soil for
proper purification. If no other site is available, thenit is
recommended to cut the trees off at ground level, |eaving the
stunps. A larger nound area may be necessary if too many stunps
are involved for sufficient soil to be nade avail able to accept
the effluent. Separating distances should be consi dered between

the toe of the fill and the respective features, such as a

buil ding, well, slope, or stream \Wen the nmound or fill is

| ocat ed upslope froma building or other features on soils with
sl ow percolation rates or slowy perneabl e subsoil |ayers, the
separating di stances should be increased.

6.4.9 Basal Area Calculation. The natural soil-fill area
interface I1s the basal area. The effluent is accepted fromthe
overlying nound fill through this area into the subsoil beneath.

For level sites, the basal area equals the nound area. For

sl oping sites, the basal area downsl ope fromthe bed or trenches
is used in basal loading rate calculations. It includes the area
encl osed by B*(A+Ctl+J)for a trench system (Figure 15) or
B*(A+tl +J) for a bed system (Figure 16). The percolation rate for
the natural soil wll determ ne how nmuch area is required. For
percol ati on rates applicable for nmound systens, the design basal

| oading rates are provided in Table 11.

Tabl e 11
Per col ati on Rates and Correspondi ng Desi gn Loadi ng Rates
3to 29 mn/in. Use 1.2 gpd/sq ft
(1.1 to 11 mn/cm (0.049 cu nd/sg m
30 to 60 mn/in. Use 0.74 gpd/sq ft
(12 to 24 mn/cm (0.03 cu md/sq m
60 to 120 mn/in. Use 0.24 gpd/sq ft
(24 to 48 mn/cm (0.0098 cu md/sg m
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6.5 Waterl ess Toilets

6.5.1 Hunus " Conposting"” Toilets. The U S. Forest Service
and several manufacturers have devel oped several types of hunus
toilets (see The Conposting Option for Human WAste Di sposal in

t he Backcountry, Fay and Wl ke, 1975, and Utilization of

Eart hwornms and M cro-organisns in Stabilization and

Det oxi fication of Residue Sludges from Treatnent of Wastewaters,
Hartenstein and Mtchell, 1978). Al hunus toilets are

wat erti ght and depend upon m crobi ol ogi cal deconposition for
their reduction in volune and their destruction of pathogens.

The patented "Clivus Multrum is the forerunner of the nodern
conposting toilet. The divus Miultrumessentially involves only
a toilet seat and a |l arge sloped container with floor tilted at
33 degrees. This allows excreta to aerate and to gradually nove
to the base of the chute toward an access hatch. Excess noisture
evaporates through a 6-inch (150 mm roof vent. The system
depends upon the user depositing peat noss or soil into the chute
periodically. Kitchen waste, toilet paper, shredded paper or

ot her bi odegradabl e waste shoul d al so be added regul arly.

After about 3 years, and once each year thereafter, a
smal | anmpunt of "hunus-1ike" conpost nay be renpved fromthe
access port and used as fertilizer. Hunus toilets are sinple,
very efficient, and easy to install. However, they are
noder at el y expensi ve, are space intensive, and also require a
sl ope or nmust be installed on the second floor. They should be
seriously considered in nountainous terrain or when buildings are
built on slopes. Smaller box-like units have been designed and
installed in Scandi navia and Engl and but these require an
el ectric heater (see New Options for a Sewerl ess Society, Liech,
1976.)

6.5.2 Chem cal Toilets. Chemcal toilets are usually
manuf act ured of fiberglass and are i nexpensive to install and

mai ntain. The chem cal s used have a high pH and have been known
to cause mnor burns. A fragrance is usually added to mask odors
because no bi ol ogi cal degradation occurs between cl eani ngs.

After cleaning, punper trucks usually transport the treated
wastes to a sewage treatnent plant. Chemcal units are |ess
desirabl e than hunmus units because they require not only greater
energy costs but al so constant nmi ntenance and hauling to a
treatment plant.

104



Downloaded from http://www.everyspec.com

M L- HDBK- 1005/ 16

Anot her chem cal treatnent nmethod is to use mneral oi
as the transfer liquid. These units are common on cargo vessels,
and at national parks, rest areas, and gas stations. They do have
sone advantage over other chemcal toilets. Wastes are punped to
a central hol ding tank, undergo consi derabl e degradati on during
storage, and are nore aesthetically acceptable. However, their
mai nt enance requires highly trained personnel. Ozonation units
t hat coupl e anaerobi c and aerobic treatnment and ozone saturation
have been produced by several firnms. However, such units
installed in California have proven to be expensive.

6.5.3 Aerated Pit Latrines. Mlitary units of small size
assigned to the field or to relatively renote outposts nay use
aerated pit latrines. These latrines are inproved versions of
the "privy." The pit may be excavated, using a backhoe or hand
labor. Usually the pit walls are supported by 2 x 4 |unber and
| agging. The privy structure is best designed to allow easy
transport to a new location. It may be uncoupled fromthe pit
wal | supports and carried to another |ocation when the pit is
filled wwth waste to within 2 feet (0.6 m of the ground surface.
Once the structure has been renoved, the remaining pit is buried
with topsoil and seeded to grass.

Sone nodern designs use passive solar panels to produce
a rising current of warmair, which passes out of a screened vent
pi pe. Screened openings are provided at the base of the privy
structure to allow cool air to nove laterally across the top of
the pit, up, and then out of the vent. Latrines can be operated
as conposting toilets if |eaves, wood chips, and pine straw are
added to the excreta. |If well designed and responsibly
mai nt ai ned, the aerated pit latrine will not harbor vectors nor
wi |l odors accunulate. For further details, see Excreta Contr ol
for Rural Area, Wagner and Lanoi x, 1958.

6.6 Filtration/ Reuse Systens. To neet stricter standards,
inproved intermttent sand filters have been devel oped to treat
wastes from I mhoff tanks or septic tanks. The system devel oped
includes a recirculation tank and an open sand filter

(Figure 21). A clock nechani sm and punp ensure a recirculation
rate that results in fresh liquid being dosed onto the surface of
the sand filter. Solids are partially washed onto the sand and
kept odor-free. Float controls provide override of tinmer clocks
should flows increase to near overflow | evels before the cl ock
sets punps into action. Dosing is through troughs rather than

t hrough central pipe and splash block. Sand size is coarse
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(0.0118 to 0.059 inch for the top 2 feet [0.6 n of filter) to
allow a dose rate of 5 gpd/sq ft (0.2 cu md/sq m.

6.6.1 Recircul ati on Tank. The recircul ation tank receives
sonme underdrainings fromthe filter and mxes this with the
septic waste. The recirculation tank should be between
one-quarter and one-half the size of the Inmhoff or septic tank.
A sinple novable gate directs flow fromthe drain either to the
recirculation tank or to chlorination or other further treatnent
and ultimte discharge. A tee turned upside-down and a rubber
bal | suspended in a stainless steel basket under the open end of
the tee will also provide adequate fl ow control

6.6.2 Recirculation. Recirculation is kept between 3:1 to
5:1. Punps are set to dose every 2 to 3 hours and to enpty the
recirculation tank. The recirculation punps are sized so that

4 to 5 tinmes the anobunt of raw sewage i s punped each day.
Duplicate, alternative punps are required. Sand and gravel are
pl aced carefully so as not to crush the plastic or tile pipe
underdrains. Usually two separate sand filters are built so that
filters can be raked each week and allowed to conpletely aerate.
Prior to winter operation, the top 2 inches (5 cn) of sand on the
filters is replaced. Since these filters are placed on the
surface, they should be surrounded by a fence and | andscaped.
Effluent will be of good quality, with biochem cal oxygen demand
val ues rangi ng between 1 and 4 ng/L. In the wnter, amoni a may
range from40 to 50 ng/L. Pathogens are practically conpletely
renoved

6.6.3 Design Information. Design concepts are detailed in
Renovation of Secondary Effluent for Re-use as a Water Resource,
Kardos et al., 1974; On-Site Sewage Treatnent, Anerican Society
of Agricultural Engineers (ASMAE), 1984; Ecol ogi cal Aspects of
Used Water Treatnent, Curds and Hawkes, 1975; and Alternative
Wast ewat er Treatnent, Ei kum and Seabl oom 1982.

6.7 Garbage Ginders and Ginder Punps. The follow ng
information is provided for consideration by the designers of
smal | flow and package plant treatnent systens.
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Figure 21

Filtration and Reuse Systens
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6.7.1 Garbage Grinders. Garbage grinders are commonly used to
di spose of large portions of solid waste created by food service
facilities. Such facilities have created problens in the

wast ewater collection and treatnent systens serving mlitary
housi ng areas. Garbage grinders that discharge into public

wast ewater collection and treatnment facilities generally present
few probl ens. However, when discharge is to a relatively small
package wastewater treatnment plant, a | agoon system or especially
to septic tank and soil absorption/leach field systens, problens
can occur. These problens include overloading of the treatnent
system clogging of sewer lines or leach field distribution |ines,
and grease ball formation in the collection and treatnment systens.
Desi gners shoul d di scourage the use of garbage grinders for users
di scharging into small flow treatnment systens.

6.7.2 Ginder Punps. Giinder punps are appropriate for use
where small flows (less than 200 gpm are encountered and where a
hi gh degree of solids is discharged into a package-type activated
sl udge wastewater treatnent plant. Typically a grinder would be
used to serve one or two facilities or residences and to punp the
wastewater into a larger force main or into a gravity system
feedi ng a package plant system Ginder punps are not
recommended for systens that discharge to septic tank and ot her
smal |l flow treatnent systens since they nmay suffer fromthe sane
probl ens that garbage grinders can cause.

For larger systens, the grinder punp station should be
equi pped with all the features of a |arger punp station. It
shoul d be a duplex systemw th alternating punps for reliability
operating on a float control system The control panel should be
protected against |ightning strikes, have renote alarmcapability
and an energency generator connect capability. Ginder punps
shall be manufactured wth all metal conponents and have hi gh-
strength, reversible cutter rings. G&Ginder punps should be
equi pped with a quick-disconnect, lift-out assenbly so punps can
be renoved wi thout the need for disconnecting the discharge
pi ping or for entering the wet well.
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Section 7: LAGOON SYSTEMS

7.1 Background. Lagoon (pond) systens are used to treat a
variety of wastewaters, from donestic wastewater to conpl ex
industrial waters. Lagoon systens are primarily used in smaller
communi ties when used for donestic wastewater treatnment. The
concept is well suited for renpote wastewater treatnent facilities
at installations where land is readily available but skilled

mai nt enance is not. Lagoon systens function under a w de range
of weather conditions, fromtropical to arctic. Lagoons can be
used alone or in conbination with other treatnent processes.
They are often a preferred systemin hot climte zones where
stringent effluent limtations do not need to be net.

This section provides general design guidance for the
four major types of |agoon systens: facultative, aerobic,
aerated, and anaerobic. Par. 7.2 provides an overview of the
applications for the various types of |agoons. Par. 7.3 through
7.6 describe design procedures for the four |agoon types. Par.
7.7 provides design guidance for | agoon sealing procedures that
apply to all of the | agoon types.

In addition to the guidance provided here, many state
heal t h departnments have adopted detail ed design criteria specific
to their geographic regions. Thus, the designer should check
state regulations to determ ne mninmumdesign criteria for pond
sizing. The designer should also pay particular attention to
protection requirenents from seepage and to groundwat er
nmonitoring requirenents. Typical design criteria enployed by
engi neers in the design of wastewater |agoons can be found in
Recommended Standards for Wastewater Facilities, G eat Lakes-
Upper M ssissippi River Board of State Public Health and
Envi ronnment al Managers (G eat Lakes), 1990. EPA-625/1-83-015,
Desi gn Manual for Minicipal Wastewater Stabilization Ponds,
descri bes technol ogi cal advances and presents detail ed pl anning,
design, and construction information on | agoons. Included in the
EPA manual are detail ed sanple design cal culations, and the
designer is encouraged to consult this reference. Design
Qui dance Docunent WEF MOP 8 al so contains useful, detail ed design
information for facultative and aerated | agoons. This
information is al so covered here for conpl eteness.

7.2 Lagoon Applications. Over the years, a variety of
terms has been used to designate waste treatnent |agoons,
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resulting in a certain amobunt of confusion. Wastewater |agoon
systens can be classified by dom nant type of biol ogical
reaction, duration and frequency of discharge, extent of

treat nent ahead of the pond, or arrangenent anong cells (if nore
than one cell is used). The nost basic classification describes
t he dom nant bi ol ogi cal reactions that occur in the | agoon, and
that classification has been adopted here. The four types of

| agoon systens are:

a) Facul tati ve (aerobi c-anaerobic)
b) Aer at ed
C) Aer obi c

d) Anaer obi ¢

Tabl e 12 summari zes informati on on pond application,
| oadi ng, and size for each of the pond types discussed in this
section.

7.2.1 Facul tative Lagoons. The nobst conmon type of pond is
the facultative pond. Oher terns commonly applied are oxidation
pond, stabilization pond, sewage (or wastewater treatnent)

| agoon, and phot osynthetic pond. Facultative ponds are usually
4 to 8 feet (1.2 to 2.5 m deep, with an aerobic | ayer overlying
an anaerobic layer, often containing solids deposits. Usual
detention tine is very long, ranging from25 to 180 days.
Anaerobic fernmentation occurs in the |lower |ayer and aerobic
stabilization occurs in the upper |layer. The key to facultative
operation is oxygen production by photosynthetic al gae and
surface reaeration. The oxygen is used by the aerobic bacteria
in stabilizing the organic material in the upper |ayer. Al gae
present in pond effluent represents one of the nost serious
performance probl ens associated with facultative ponds.

Facul tative | agoons have w despread application. They
are used to treat raw nunicipal wastewater (usually for snal
communities) and primary or secondary effluent (for small
cities). They are also used in industrial applications,
foll owi ng aerated ponds or anaerobic ponds to provide additional
stabilization prior to discharge. The facultative pond is the
easi est to operate and maintain, but there are definite limts to
its performance. Effluent BODs val ues range from 20 to 60 ny/L,
and | evel s of suspended solids may range from30 to 150 ngy/L or
nmore. The facultative |lagoon also requires a large |land area to
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mai ntain area BODs | oadings in a suitable range. For this |agoon
type, allowable organic |oadings are generally much higher in
summer than in winter, an advantage in areas where seasonal food
processi ng wastes are received during sunmer.

The total containnent pond and the controlled discharge
pond are forns of facultative |lagoons. The total containnment
pond is applicable in climtes where evaporative | osses exceed
rainfall. Controlled discharge ponds have | ong hydraulic
detention tinmes, and effluent is discharged once or tw ce per
year when the effluent quality is satisfactory.

7.2.2 Aerated Lagoons. In an aerated | agoon, oxygen is
supplied mainly through nechanical or diffused air aeration

rat her than through photosynthesis and surface reaeration. Many
aerated ponds have evol ved from overl oaded facultative ponds that
required aerator installation to increase oxygenation capacity.
Aerated | agoons are generally 6 to 20 feet (2 to 6 m deep with
detention tines of 7 to 20 days. The chief advantage of aerated
ponds conpared with facultative |lagoons is that they require | ess
| and area.

Aer ated ponds are used in both nmunicipal and industrial
wast ewat er treatnent applications. For nunicipal wastes, aerated
ponds are often resorted to when a facultative system becones
overl oaded and mnimal |and is available for expansion. For
i ndustrial wastes, they are sonetines used as a pretreatnment step
before di scharge to a nunicipal sewerage system In both
muni ci pal and industrial applications, aerated ponds may be
foll owed by facultative ponds.

7.2.3 Aer obi ¢ Lagoons. Aerobic ponds, also called high-rate
aer obi ¢ ponds, maintain DO throughout their entire depth. Wth
detention tinmes averagi ng between 5 and 20 days, they are usually
12 to 18 inches (30 to 45 cn) deep, allowing light to penetrate
the full depth. Mxing is often provided to expose all algae to
sunlight and to prevent deposition and subsequent anaerobic
conditions. Oxygen is provided by photosynthesis and surface
reaeration, and aerobic bacteria stabilize the waste.
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Hi gh-rate aerobic |lagoons are limted to warm
sunny climates. They are used where a high degree of BODs
renmoval is desired but land area is limted. The chief advantage
of the high-rate aerobic pond is that it produces a stable
effluent with |ow | and and energy requirenents and short
detention tinmes. However, operation is sonmewhat nore conpl ex
than for a facultative pond and, unless an al gae renoval step is
provi ded, the effluent will contain high suspended solids. Short
detention tines also nean that very little coliformdie-off wll
result. Because of their shallow depths, paving or covering the
bottom of the ponds is required to prevent weed grow h.

7.2.4 Anaerobi c Lagoons. Anaer obi ¢ | agoons recei ve such a heavy
organic loading that there is no aerobic zone. They are usually
8 to 16 feet (2.5 to 5 n) deep and have detention tinmes of 20 to
50 days.

An inportant disadvantage of anaerobic ponds is the
production of odorous conmpounds. Sodiumnitrate has been used to
conbat odors, but it is expensive and in sone cases has not
proven effective. Another comon approach is to recircul ate
water froma downstream facultative or aerobic pond to maintain a
thin aerobic |layer at the surface of the anaerobic pond,
preventing transfer of odors to the air. Crusts have al so proven
effective, either naturally formed, as wth grease, or forned
from Styrofoam balls. A further disadvantage of the anaerobic
pond is that the effluent usually requires additional treatnent
prior to discharge.

Anaer obi ¢ ponds are usually used for treatnent of
strong industrial and agricultural wastes, or as a pretreatnent
step where an industry is a significant contributor to a
muni ci pal system Because they do not have wi de application to
the treatnment of nunicipal wastewaters, anaerobic |agoons are not
di scussed further in this manual.

7.3 Facul tative Lagoon Design. The facultative |agoon
shoul d be strongly considered for those installations that have
no significant industrial wastewater conponent but that have
avail able land area. This |lagoon type is sinple to operate,
stable to flow and | oad variations, and has | ow capital and
operating costs.

7.3.1 Si zi ng Basi s: Loadings for Raw Sewage. Using Table 13,
sel ect val ues between the maxi num and m ni nrum val ues provi ded.
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Choi ces depend on severity of freezing, ice cover, and avail able
sunshine. Check | agoon size for detention tinme as |isted.

For facility layout with nmultiple ponds in series or
parallel, limt the first stage pond to 40 | b/day/acre
(45 kil ogram per day per hectare [kg/day/ha]) for odor control
in areas where the average winter air tenperature is 32°F (0°C)
or less. For areas where the average winter air tenperature is
50°F (10°C) or greater, the first cell in a series of cells may
be | oaded as high as 90 | b/day/acre (100 kg/day/ ha). Proportion
the remai nder of the total required area based on BODs | oadi ng
equal |y anong renai ning cells.

Tabl e 13
Facul tative Lagoon Sizing Criteria

M ni mrum BOD Loading in

Cimte | b/ day/ acre (kg/ day/ ha) Detention (d)
M ni mum Maxi mum
Col d (extended 15 (17) 20 (22) 150 - 180
i ce cover)
Tenper at e 20 (22) 50 (56) 40 - 150

(short ice cover)

Subt r opi cal 50 (56) 100 (112) 10 - 40
and tropical
(no ice cover)

7.3.1. 1 Depth. Provide an operating depth of 6 feet (1.8 m,
all ow ng varying depth between 3 to 8 feet (0.9 to 2.4 m for
flow and | oad variations and i nsect and weed control. The ponds
will slowy accunul ate solids over tine, so convenient access
shoul d be provided so equi pnent can dredge the ponds. This
normally is not required nore frequently than every 10 years.

7.3.1.2 Desi gn Equations. Refer to EPA-625/1-83-015 for
di scussion and application of rational design equations.

7.3.2 Location. Locate the lagoon at least 0.25 mle
(0.4 km downwi nd from popul ated areas if the pond receives ice
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cover through winter. Geater distance is recomended if
possi bl e.

7.3.3 Exposure. Choose a site which provides maxi num sun and
W nd exposure.

7.3. 4 Inlets and Qutlets. For circular or square |agoons,
the inlet should be near the center. For rectangul ar | agoons,
place the inlet at one-third the distance fromthe influent end.
Locate the outlet so that short-circuiting is mnimzed. Provide
the outlet with the capability of being drawn off at nultiple
dept hs.

7.3.5 Construction. Provide levees wwth a mninmumtop wdth
of 6 to 8 feet (1.8 to 2.4 n) and an interior and exterior slope
ratio of 2:1 to 6:1. Provide natural inpervious soil liner
(bentonite clay) if required to mnimze exfiltration to
groundwater. Use of synthetic material lining will probably nake
this treatnment process uneconom cal but may be required by | ocal
regul ations. See Figure 22 for details about facultative

| agoons. Refer to par. 7.7 for |agoon sealing requirenents.

7.3.6 Layout. Use square, rectangular, or circul ar basins.
For small installations (5,000 gpd [19,000 Lpd]), single |agoons
are acceptable. Use nultiple |agoons for larger installations
and arrange for series or parallel operation. See Figure 23 for
alternative | agoon flow schematics. Recirculation can be used to
i ncrease operational flexibility and treatnent efficiency.
Recircul ation returns active algae cells, increases oxygenation
capacity, and dilutes influent biochem cal oxygen demand (BCD)

load. The recirculation ratio should be £2.

7.3.7 Performance. Effluent TSS will vary seasonally
(especially in cold climtes) between 50 and 150 ng/L or nore and
contain 10 to 100 ng/L of algae cells. BOD renoval efficiency
will vary seasonally between 70 and 95 percent. COdors may be a
transi ent problemduring spring in cold clinmates where | agoon
surfaces freeze over.

7.4 Aer ated Lagoon Design. Aerated | agoons are oxygenated
t hrough the action of surface or diffused air aeration. Because
the solids are maintained in suspension in an aerated |agoon, the
detention tine required for BOD renoval will be less than for a
facultative | agoon. The power requirenment, however, wll be
greater than for a facultative or aerobic pond, and a separate
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settling pond for the aerated | agoon effluent is usually provided
to renpve suspended solids. The aerated |agoon is operated as a
conplete m x, nechanically stirred, with no recycle system
Conpared with activated sludge systens, aerated | agoons have | ow
capital and operating costs and greater ease of operation.
Therefore, aerated | agoons should be strongly considered for use
at installations where adequate |land area is avail able and
discharge limts are not strict.

7.4.1 Si zi ng Basi s

7.4.1.1 Nunber of Equally Sized Basins. Provide at |east two
hydraulically separate and aerated basins and a third basin for
solid-liquid separation. Aerated basins should be designed to
operate either in series or in parallel flow pattern

7.4.1.2 Design Conditions. Use the nore critical of the
foll ow ng conditions:

a) Summer Conditions. Maxi mum BOD | oad for detention
period; design renoval as required for receiving water; norma
sumrer wastewater tenperatures; one basin out of service.

b) Wnter Conditions. Sane design |oad as sunmer;
m ni mum wast ewat er tenperature; renoval as required for receiving
water; all basins in service. Account for anticipated ice volune
in total volune.

7.4.1.3 Per f ormance and Operating Requirenents.

a) Detention tinme. Determne required total detention
time for a given nunber of conplete m x ponds in series operation
using Equation 1. It can be assuned that dissolved effluent BOD
is 50 percent of total effluent BOD, that is, effluent TSS
contribute 50 percent of total BOD.
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EQUATI ON: t = (n/ KD [(Sof Se) V" -1] (1)
wher e t = Total hydraulic detention tinme (d). D vide
T equal |y anong nunber of aerated basins.
N = Nunmber of aerated basins operated in series.
Kt = First order reaction rate at operating | agoon
tenperature (d?)
So = I nfluent total BCD (ng/L).
Se = Ef fl uent di ssolved BOD (ng/L).

Determ ne rate constant fromdata for actual or simlar
wastes and operating conditions. |If this is not practical, use
K= 2.5/d for normal donestic wastewater at 20 °C (Kx). Adjust
Koo to expected operating | agoon tenperature using Equations (2)
and (3).

| ncreasi ng the nunber of ponds in series (n) decreases
the required total detention tinme (t).

b) Lagoon Tenperature. Lagoon tenperature is affected
by the influent waste and anbient air tenperature, basin
geonetry, and m xing conditions. The equilibriumtenperature can
be approxi mated by Equation 2.

Af Ta + QTi

EQUATION: Tw = (2)
Af +Q
wher e Tw = Lagoon waste tenperature, °F (°C)
A = Surface area, sq ft (sg m
Ta = Anmbi ent air tenperature, °F (°C)
Ti = I nfl uent waste tenperature, °F (°C)
Q = Wastewater flow rate, gpd (Lpd)
f = Proportionality factor 12 (500)
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For nore details, refer to "Industrial Waste Treatnent
in Aerated Lagoons" in Advances in Water Quality | nprovenent,
Manci ni and Barnhart, 1968, and to Process Design Techni ques for
I ndustrial Waste Treatnent, Adans and Eckenfel der.

c) Tenperature Correction. Use Equation 3 for
tenperature correction of the rate constant.

EQUATION: Ky = Kaoqt 29 (3)
wher e Kr = Rate constant at TL (d%)

Kyo = Rate constant at 20°C (d%)

q = 1. 085 for aerobic |agoons

TL = Tenperature of |agoon contents (°C)

d) Oxygen Requirenents. For treatnent of norma
donesti c sewage in aerobic |agoons, use a value of 1.3 |Ib QJ/lb
applied (1.3 kg O/ kg BOD). Were aerobic |agoons nust neet | ow
ef fluent BOD requirenents, consider using a perforated pipe grid-
air diffusion system The air bubble curtain effect with this
type of system m nim zes short-circuiting and maxi m zes
ef fectiveness of |agoon volune. Consult system supplier for
performance data. Alternatively, consider nultistaged | agoons
and effluent recycle.

e) Mxing Requirement. No rational nethod is
avail able to determ ne the power input necessary to keep solids
suspended. Consult equi pnent manufacturers to determ ne zone of
i nfluence or conplete m xing for vendor-supplied aerators.
For | agoon depths of 8 to 18 feet (2.4 to 5.5 m and suspended
solids concentrations of 1,000 to 5,000 ng/L, provide 60 to
120 horsepower per mllion gallons (hp/nmy) of basin volunme. At
depths greater than 12 feet (3.7 m, draft tubes nay be required.
For | esser depths, provide at |east 30 hp/ng of basin vol une.
Consult the aerator manufacturer about the need for anti-erosion
assenblies or special protection features to protect the pond
bottom from erodi ng under the influence of mechanical surface
aerators. Locate individual surface aerators for overlap of zone
of influence. Use several small units rather than fewer |arge
units to mnimze the effect of downtine.
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f) Solids Production and Buil dup. Estimate
producti on based on settl eable solids renoved plus biol ogical
solids yield fromBOD renoval. For donestic sewage, use 1.2 |b
suspended sol i ds produced per pound of BOD applied (1.2 kg
suspended solids produced per kg of BOD applied). Estimate solids
buildup in the final settling |lagoon for storage and dredgi ng
peri od determ nati on based on 50 percent destruction of volatile
solids in anaerobic deconposition, and an accunul ated solids
concentration of 10 percent. Provide a nmeans for periodic
removal unless the solids storage volune is adequate for the
useful life of the |agoon.

7.4.2 Layout. See Figure 23 for alternative layouts with
mul ti ple | agoons in series and parallel operation.

7.4.3 Construction. To prevent |eakage, construct aerated

| agoons with earth enbanknents and inpervious synthetic liners or
natural soil layers. See Figure 22 for details about aerated

| agoons. Refer to par. 7.7 for a discussion of liner and sealing
requirenents.

7.4.4 D nensions. The follow ng di nensions are m ni num
val ues:

a) Length-to-width ratio: From1:1 to 4:1

b) Depth: From10 to 20 feet (3 to 6 m (wth mxing
provi si on)

c) Freeboard: 3 feet (0.9 n

7.4.5 Inlets and Qutlets. Locate the inlet at naximm

di stance fromthe outlet; discharge near aeration devices so
diffusion will be rapid. Provide for subnerged drawoff to avoid
floating material in effluent.

7.4.6 Protection. Provide scour pads beneath nechani cal
aerators to avoid any possibility of nmenbrane liners being pulled
into aerator rotors. Provide splash blocks at inlet discharges.
Ri prap banks at water surface.

7.5 Aer obi ¢ Lagoon Design. The aerobic |agoon is nost
applicable to donestic waste treatnent in subtropical and
tropical clinmates. It should be considered for installations

with suitable I and area and climte because it is sinple to
operate and has | ow capital and operating costs. Aerobic |agoons
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for continuous year-round use should be restricted to areas where
the visible solar radiation is greater than 1.0 mllion calories
per square neter per day (cal/sq mid) 90 percent of the tine and
where freezing conditions never persist for an extended tine.

7.5.1 Si zi ng Basi s

7.5.1.1 Loading. BOD renoval for settled sewage (primary
effluent) by an aerobic | agoon can be determ ned using
Equation 4. The equation appears first in English, then in
international system (SlI) units.

EQUATION: DBOD = 21.872  [In (14 24)] (4)
d
DBOD = 6. 66 [In (1o 258)]
d
wher e DBOD = BOD renoved by | agoon (ng/L)
d = | agoon m d-depth (£1.5 feet [£0.5 n)
I o = light intensity at |agoon surface

(footcandles [l ux])

Terml, is determ ned by the nethod of Gswald and
Got aas, Photosynthesis in Sewage Treatnent, ASCE, 1957. 1In the
absence of necessary solar radiation data, determ ne the total
requi red | agoon vol unme based on a BOD surface | oading rate of
60 (subtropical) to 120 (tropical) |b/day/acre (67 [subtropical]
to 134 [tropical] kg/day/ha). Proportion total required vol une
equal ly anong nultiple lagoons in series or parallel operation.

7.5.1.2 Depth. Operating depth should be 1 to 2 feet (0.3 to
0.6 m and should not exceed 3 feet (0.91 m to ensure |ight
penetration and photosynthetic activity for the full depth of the
| agoon.

7.5.1.3 Applications. Refer to EPA-625/1-83-015 for further
di scussi on of aerobic and nondi schargi ng | agoons and application
of design equations.

a) Location. Refer to par. 7.3.2.

b) Exposure. Refer to par. 7.3.3.

124



Downloaded from http://www.everyspec.com

M L- HDBK- 1005/ 16

c) Inlet and Qutlet. Refer to par. 7.3.4 for
rect angul ar ponds.

d) Construction. Refer to pars. 7.3.5 and 7.4.3.

e) Layout. Use nultiple rectangular |agoons in series
or parallel operation with length-to-width ratios of 2:1 to 3:1
The individual |agoon area should be I ess than 10 acres (4 ha) to
m nimze short-circuiting caused by wind action. Recirculation
may be used to increase oxygenation capacity and seed influent
sewage with algae cells. Recirculation ratios are 0.2 to 2.0 and
average 0.5. See Figure 23 for alternative |agoon fl ow
schemati cs.

f) Performance. Performance criteria for aerobic
| agoons are simlar to those for facultative | agoons except al gae
concentrations are higher (100 to 200 ng/L for aerobic |agoons).
Aer obi ¢ | agoons shoul d be preceded by primary treatnent for
removal of settleable organic solids. |If the systemis not
preceded by primary treatnent, influent nondegradable solids wll
gradually fill the | agoon.

7.6 Anaer obi ¢ Lagoon Design. Anaerobic | agoons are deep

| agoons that receive high-strength bi odegradabl e organi c wastes
such that anaerobic conditions prevail throughout the | agoon
depth. This |agoon type is used primarily to pretreat industrial
wastes and is generally not applicable to wastewaters generated
at mlitary facilities. For design guidance, see

EPA- 625/ 1- 83- 015.

7.7 Lagoon Sealing. Lagoons are sealed to mnimze seepage
and the resulting adverse effect on groundwater quality and
treatment performance. Pond sealers are classified into three
categories: synthetic and rubber liners, earthen and cenent
liners, and natural and chem cal treatnent seal ers. Natural
seal i ng occurs because soil pores becone physically clogged by
settled solids, pores becone chemcally clogged by ion exchange
and precipitation, and pores becone biologically clogged by

m crobial growth. Natural sealing depends on wastewater
characteristics and should not be relied on for satisfying design
seepage criteria. Chemcal treatnent sealers change the nature
of the bottom soil.

Contact the state regul atory agency for design seepage
rate and groundwater nonitoring requirenents at the |agoon site.
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Al so consult EPA s Muinici pal WAstewater Lagoon Study: Report to
Congress for discussion and desi gn gui dance on m nim zi hg seepage
to groundwater. Typical design seepage rate is 10°® cm second
(0.021 gpd/sqg ft [0.86 Lpd/sq m) for donestic wastewater

| agoons. Industrial waste inpoundnents nmay require | ower seepage
rates or a double liner for redundancy.

7.7.1 Bentonite Adm xtures. Bentonite is a sodiumtype
montnorillonite clay that exhibits a degree of swelling,

i npervi ousness, and |low stability in the presence of water.

It can be applied as a water slurry and incorporated with in-situ
soils or as a sand-bentonite slurry (8:1 volune ratio) that is
subsequently covered with soil.

a) Oganic polyelectrolytes can be mxed with
bentonite and soil to decrease the perneability of the adm xture.
Contact bentonite suppliers for further information and test
pr ocedur es.

b) The performance of bentonite linings is greatly
affected by the quality of the bentonite. Bentonite
characteristics that should be specified in preparation of
adm xtures include sodi um exchange capacity (SAR); percent of
silt, sand, and clay inpurities; noisture content; particle size;
and gradati on.

c) Determne the required anount of bentonite in the
bentonite-soil by using m xture based on field soil sanpling and
| aboratory tests by sealant suppliers. Use Figure 24 for
gui dance only and for reviewing | aboratory results.

7.7.2 Asphalt and Cenent Linings. Asphalt |inings may be
conposed of asphalt or a prefabricated asphalt with or w t hout
adm xtures (bentonite or fiberglass). Soil cenent sealant is
best when used with sandy, well-graded soil. Avoid using
bentonite and asphalt liners in areas with high weed grow h.

7.7.3 Thin Menbrane Liners. These liners include plastic and
el astoneri c nenbranes and are best used for sites requiring
essentially zero perneability. For further information, see

FED MCD- 54, Wastewater Stabilization Pond Linings. Refer to

EPA SW 870, Lining of Waste | npoundnent and D sposal Facilities,
for a listing of nenbrane suppliers and details of construction.
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PERMEABILITY OF SOIL-BENTONITE MIXTURE (cm/sec)

10 |
X
108 L
X
1074
WELL-GRADED
COARSE GRADATIONS
(30-70% + 20 SIEVE)
105 WITH 10 TO 25
NONPLASTIC FINES
POORLY GRADED
1078 SILTY SAND WITH
30TO 50
NONPLASTIC FINES
1077
10-8
CLAYEY SILTY SAND J
WITH 30 TO 50% FINES ‘
1079 |

] 1 2 3 4

PERCENT BENTONITE BY DRY WEIGHT OF SOIL-BENTONITE MIXTURE

Figure 24
Rel ati onshi p Between Perneability and Quantity
of Bentonite in Soil M xing
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Section 8. CHEM CAL STORAGE AND HANDLI NG CONSI DERATI ONS

8.1 | nformati on and Resources. Process chem cals used in
wast ewater treatnment vary greatly in their specific requirenents
for safe storage and handling. WEF MOP 8 provi des gui dance on
designing dry and liquid feed systens for wastewater treatnent
applications. WEF MOP FD-10 provides guidance for the safe
storage, handling, and feeding of chlorine disinfection chemcals
i ncl udi ng gaseous chlorine and hypochlorite. Several industrial
associations, including the Chlorine Institute, the National Line
Associ ation, the Chem cal Mnufacturing Association (CMA), and
the National Fire Protection Association (NFPA) provide
information for designers. |In addition, chem cal manufacturers
wi || supply handbooks and material safety data sheets (MSDSs) for
specific process chem cals upon request. Table 14 provides basic
reference information about various chem cals, including their
common nanes, formulas, and nost common uses. It also covers the
forms and containers in which they are obtained and general
characteristics of the chemcals. Table 15 presents information
about feeding these chem cals, including the best formfor

feedi ng, the amount of water needed for continuous dissol ving,
types of feeders, and equi pnent and handling materials. However,
new i nformati on about existing materials is continually emerging
and new materials are continually becom ng avail able. Wen
possi bl e, the treatnent plant designer should seek manufacturers’
recommendations for up-to-date materials and handling practices.
Any hazardous chem cals used on a project should be reported to
the installation’s environnmental office.

8.2 Designer’s Checklists. Designers should consider a
nunber of handling, storage, equipnent, and safety issues when
desi gni ng wastewater treatnment systens for mlitary facilities.
The foll owm ng paragraphs |ist these considerations.

8.2.1 Chem cal Handling Checklist. A well designed handling
area should include the follow ng el enents:

a) Easily accessible, clearly marked, well lighted
unl oadi ng stations

b) Guard posts to protect equi pnent and storage tanks
fromvehi cl e damage
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c) A roofed platformor dock for unloading
containerized chemcals

d) Mechani cal devices to aid unloadi ng and
transporting chemcals to storage areas

e) Separate receiving and storage areas for chemcals
that react violently when m xed toget her

f) Uni que pi pe configuration and val ving for each
chem cal storage tank on site to prevent the wwong chem cal from
being | oaded into a tank

g) Dust control equipnent for dry bul k and
bagged chem cal s

h) Protection of concrete against corrosive chem cals

i) Washdown and cl eanup facilities for all chem cal
handl i ng areas and separate drai nage systens for nonconpati bl e
chem cal s

1) A bul k tank level control systemw th a high-1evel
al arm audi bl e at the truck unl oading station

8.2.2 Chem cal Storage Checklist. Proper storage of
chemcals is an inportant element in treatment facility design
Desi gners should take the followi ng steps to ensure that adequate
storage facilities exist at each treatnent facility.

8.2.2.1 Storage for Al Chem cal s

a) Provi de adequate storage for peak denmands.

b) Label chem cal storage areas.

c) Determ ne conpatibility of all chem cals stored.

d) Store inconpatible chem cals separately.

e) Fol | ow the chem cal manufacturer’s reconmendations
with regard to material conpatibility and sel ection of system
conponents in direct chem cal contact.

f) Comply with all applicable codes and regul ati ons.
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g) Locate light and ventilation swtches outside
storage areas.
h) Provi de automatic controls to actuate forced
ventilation and |ighting when chem cal storage roons are
occupi ed.

i) Protect concrete and ot her exposed materials
agai nst corrosive chem cal s.

8.2.2.2 Storage for Dry or Containerized Chem cals

a) Store materials in original containers in dry
roons on boards or pallets.

b) Provi de adequate roomto maneuver hand trucks,
pall et jacks, or fork lifts.

c) Locate the storage of dry chem cals at feed hopper
inlet level, if possible. Alternately, provide a platform
suitable for supporting a pallet of containers at the feed hopper
inlet |evel.

d) Post safe-load Iimts for floors and shel vi ng.

8.2.2.3 Storage for Liquid Chemcals

a) Provi de for contai nment of stored volune plus a
safety margin.

b) Provide for cleanup or reuse of spilled material.

c) Ensure that bul k containers have sufficient
capacity to hold the contents of one standard tank truck plus a
sufficient reserve supply between shi pnents.

d) Provi de approved storage facilities for flamrmable
liquids.

e) Provide freeze protection for exposed piping,
val ves, and bul k tanks.

8.2.2. 4 Storage for Liquified Gas Cylinders

a) Provide for containment of |eaking containers.
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b) Provi de treatnment systens for hazardous
gas rel ease.

c) Provide cool, dry, well ventilated storage roons
of nonconbusti bl e construction.

d) Avoid proximty to heat sources; wal kways;
el evators; stairways; and heating, ventilating, and air-
condi tioning (HVAC) i ntakes.

e) Provide restraints on gas cylinders.

8.2.3 Feed Equi pnment Checklist. Equi prent considerations for
desi gners include the foll ow ng:

a) Fol | ow the chem cal manufacturer’s reconmendations
with regard to material conpatibility and sel ection of system
conponents in direct chem cal contact.

b) Equi p punps and equi pnent that handl e corrosive
solutions with spray or splash guards to protect personnel
wor ki ng in the area.

8.2. 4 Safety Checklist. Take precautions to ensure adequate
safety by providing the following features in treatnent facility
desi gn:

a) Conti nuous toxic gas nonitors with al arns

b) Expl osi ve gas nonitors and alarnms, ventilation
equi pnent, and ot her safety devices for flanmbl es such as
speci al groundi ng neasures, flane and spark arresters, etc. to
ensure a non-expl osive environnent is maintai ned and potenti al
ignition sources are elimnated

c) Pressure demand sel f-contai ned breathing apparatus
(SCBA) for energency gas rel ease situations

d) Enmer gency del uge shower and eyewash facilities
| ocated where easily accessible to those in need

e) Adequat e ventil ation

f) Personal protective apparel such as gl oves,
goggl es, face shields, aprons, and dust nasks
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g) Non-slip flooring in polynmer storage and
handl i ng areas

h) Facility designs that elimnate the need to reach
beyond safe limts

i) Facility designs that m nimze the need for
manual |ifting

1) Directive, hazard-warning, and instructional signs
where appropriate

8.3 Codes and Regul ations. Governnents at all |evels
establish codes and regul ations that provide the designer with
m ni mum requi rements and gui dance. The Cccupational Safety and
Health Act of 1970 and its subsequent anendnments is probably the
nmost significant Federal statute affecting design of chem cal
handl ing and storage facilities. However, there are other
applicabl e regul ati ons, and keeping up with themis a chall enge.
Today, conputerized services that summarize buil di ng codes by
categories (for exanple, |life safety and fire prevention) are
avai |l abl e. However, the treatnent plant designer nust

determ ne which codes apply to wastewater treatnent plants.

For installations in foreign countries, consult the Fina
Governing Standards (FGS) for the country in which the facility
wi |l be | ocated.
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Section 9: EFFLUENT DI SPOSAL/ RECLANVATI ON

9.1 Introduction. Two primary neans of effluent disposal
and reclamation are surface water discharge and | and application.
Rapi dly growi ng technol ogi es for disposal and reuse include
groundwat er recharge and aquifer storage and recovery.

WEF MOP 8, Chapter 20, covers the applicability, pretreatnent,
met hodol ogy, design, and regulatory issues involved with | and
application. This handbook covers the design of surface water

di scharge outfalls and di scusses the energi ng groundwat er
recharge and aqui fer storage and recovery technol ogi es.

9.2 Surface Water Discharge Qutfalls. Permt conpliance
can be facilitated by the judicious selection and design of a
surface water outfall. Oten the receiving water is already
dictated by the location of the FOTWor existing facilities. 1In
sone cases, the outfall can be relocated or nodified to inprove
the ability of the FOTWto remain in permt conpliance wthout
maj or treatnment process changes. This section reviews sone
general issues to consider about surface water outfalls.

Addi tional design references include Mxing in Inland and Coast al

Waters, Fischer et al., 1979, and WAstewat er Engi neering:
Treatment, Disposal, and Reuse, Metcalf & Eddy, 1991.

9.2.1 Qutfall Location. A surface water discharge cannot
inpair the receiving water quality below the state’' s water
quality standard. This is typically determ ned through a waste
| oad allocation study. This study evaluates the assimlative
capacity of the water body. Receiving waters with little
flushing, |ike |akes, or which are dom nated by effluent, |ike
smal | creeks, are only used as a last alternative. |[If a larger
wat er body with nore dilution capability is nearby, then it may
be necessary to pipe the FOTWeffluent to this |larger water.
Not e that new open ocean outfalls in the Atlantic Ocean and Gul f
of Mexico are highly discouraged by EPA. After the general

| ocation of the outfall in the receiving water has been

determ ned, then nore specific design details are eval uated.

9.2.2 Qutfall Configuration. The configuration of the
outfall pipe itself can sonetines be changed to i nprove permt
conpliance. For exanple, if the waste | oad allocation determ nes
that the effluent is causing dissolved oxygen depletion, a
cascadi ng structure along a stream bank can be used to satisfy
sone of the effluent’s oxygen demand. However, often the outfal
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i s subnmerged and away fromshore. |If a pipe has a sinple open
end, then better mxing can be attained by installing a diffuser
that induces jet flow fromone or nore ports. The permt should
include the dilution or mxing effect to help the FOTWto achi eve
conpliance. For a new discharge, these sane issues nay ari se.
The regul atory agency will often have a major role in requiring
the I evel of dispersion and m xi ng necessary to reduce the
potential environnmental effects.

9.2.3 Si zi ng/ Capacity. The design of the outfall should be
conducted for peak hour flow at the maxi num anti ci pated st age of
the receiving water. |If the receiving water is tidal, then both

hi gh and | ow conditions should be evaluated. The outfal

pi peline size should follow typical pipeline design guides for
these types of structures. |If a diffuser is installed, then
special m xing nodels are used to select the port sizes and
spacing. Wiile pipelines typically have flows of |ess than 10
fps (3 ms), diffuser ports require velocities greater than 10
fps (3 ms) to achieve jet mxing. The ports on diffusers should
be directed slightly upward so fl ow does not inpinge on the water
body bottom Port sizes should be 2 inches (5 cm in dianeter or
greater to ensure that the ports wll not be clogged by scaling
or barnacl es.

Pi pes can be nade of various materials, but nost
outfalls constructed today use either ductile iron or plastic.
Corrosion protection should be considered if applicable (see
Section 12). High-density polyethylene (HDPE) pipe is often used
for subnmerged outfalls that are buried (see par. 9.2.5). Note
that HDPE is specified by its outer dianeter, while other types
of plastic or iron pipe are specified by their inner dianeter.

9.2.4 Qutfall Depth. Most outfalls are subnerged to avoid
visibility and interference with water body usage. OQutfalls are
| ocated away fromthe shoreline to mnimze contact with shall ow
wat er benthic organisns and to provide better m xing, as |long as
they do not interfere with dredged navi gati on channels. The
deeper the outfall, the better the mxing. OQutfalls need to be
at least 8 feet (2.4 n) deep to provide m xi ng opportunity.

Consi der extending the pipeline to deeper water if an existing
outfall is in shallow water, is having permt conpliance issues,
and coul d be extended. Shallow outfalls do not need to be
nmodified if the regulatory authorities do not require it.

9.2.5 Qutfall Protection. CQutfall pipelines should be
anchored in place in the receiving water to prevent novenent.
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Anchoring is often acconplished by burying the pipeline and using
a 90-degree elbow at the end to surface the outfall. Miltiport
outfalls may have risers along the pipeline extendi ng above the
buried pipeline. Piers can be used to support the outfall for
sone of the distance fromshore, but the pipeline extending
beyond the pier (to avoid public contact) needs anchori ng.
Sonetinmes pi pes have collar-type concrete weights that can be
partially submerged with jets to anchor the pipeline. Sonetines
rip-rap is used to stabilize and provide ballast for the pipeline
sitting on the bottom grade. Abovegrade pipelines can experience
sedi nentati on and scour forces which need to be considered by the
desi gner.

Address CCE requirenments and state ownership of the

wat er body during design. |If the pipeline is too shallow, it can
interfere with boat traffic. Sonme regulatory agencies will allow
a shallow outfall if it is marked with |ighted warning buoys or

by other means. The transition zones near the shoreline wll
need speci al consideration during design and construction, since
these are often the nost environnentally sensitive and publicly
vi si bl e areas.

9.3 G oundwat er Recharge. G oundwater recharge can be
acconplished by the use of infiltration basins or through
under ground injection wells.

9.3.1 Infiltration Basins. Artificial recharge of
groundwat er can be achieved with infiltration basins if soils are
perneabl e, a sufficient portion of the aquifer is unsaturated,
and the aquifer is unconfined.

9.3.1.1 Appl i cations Cui dance. Design and managenent of
infiltration basins should be adapted to |ocal conditions of
water quality, climate, soil, hydrogeol ogy, and environnental
constraints. Aspects to be considered include water depth (in
reference to possible increase in infiltration rates), |ength of
fl oodi ng and dryi ng periods, frequency of cleaning basins, and
pre-sedi nentation. Also, a selection between basins with
stagnant water (where fine materials are able to settle) or
basins with flow ng water (where fine materials are kept
suspended because of turbul ence) should be made. Chem cal and
bi ol ogi cal water quality paranmeters of the effluent water need to
be considered. Also consider changes in water quality as the
wat er noves through the vadose zone and aquifer, and potenti al

| eaching of trace elenents fromthe vadose zone. A groundwater
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nmoni tori ng program may be required based on Federal or state
regul ati ons and depending on the quality of the effluent

di scharged to the basins. Proximty of public drinking water
wells may al so affect the groundwater nonitoring requirenents.
Refer to Artificial Recharge of Goundwater, A l. Johnson and
Donald J. Finlayson, eds., 1988.

9.3.1.2 CGeneral Design Guidance. Infiltration systens for
artificial recharge of groundwater should consist of a nunber of
basins, in cases where hydraulic | oading rates need to be
maxi m zed. Dependi ng on topography, such basins can have a
surface area of 0.25 to 25 acres (0.10 to 10 hectares) or nore.
Each basin requires its own water supply and drainage so that it
can be flooded, dried, and cl eaned according to the best schedul e
for that basin. Basins should not be placed in series so that
the outflow fromone basin is the inflow for the | ower basin
because in such systens the basins cannot be dried and cl eaned

i ndividually. Design the overall systemto allow any basin to be
taken out of service for a sufficient drying period. The first
few basins are sonetines designed to be used as pre-sedi nentation
basins. Sonme basins, particularly deep or lowinfiltration

basi ns, should be designed with separate drainage systens, which
all ow qui ck de-watering for drying and cl eaning. Construct
basins with horizontal or well-graded bottons to prevent |ow

pl aces where water can stand for long periods and interfere with
infiltration recovery and cl eani ng operati ons.

I n cases where groundwater nounds could rise above the
bottomof the infiltration facilities, the basins should be laid
out to mnimze the inundated area. G oundwater flow nodeling,
using readily avail able nodel s such as MODFLOW may be required
to eval uate potential nmounding effects during the design. The
basi ns should be small or Iong and narrow. Adjacent basins
shoul d not be flooded at the sanme tine. Refer to EPA 625/ 1-81-
013a, Process Design Manual for Land Treatnment of Mini ci pal
Wast ewat er, Suppl enent on Rapid Infiltration and Overland Fl ow.

9.3.2 I njection Wells. Many successful injection well
systens, which inject noderately to highly treated wastewater
have been constructed across the United States. Many of these
systens are located in California, Texas, and Florida. |Injection
wel |l s are characterized under five general categories (O ass |

1, 111, IV, or V) based on the type of waste stream well

desi gn, use of well, and hydrogeol ogi c characteristics at the
injection site. Florida s injection well classifications, which
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are nodel ed after the Federal classifications, are presented in
Table 16. Refer to G oundwater Recharge Using Waters of | npaired
Quality, National Research Council, 1994.

9.3.2.1 Applications Cuidance. Recharge wells are potentially
applicable in areas where surface soils are not available, |and
is too costly, wastewater flows are excessive, wastewater quality
i s unacceptable for infiltration basins, drinking water wells are
in close proximty to wastewater treatnent facilities, or vadose
zones have restricting |ayers or undesirable chem cals that could
| each out. For these conditions, anong others, injection wells
are an option. Donmestic and industrial wastewater injection
wells typically recharge brackish to saline water aquifers or

aqui fers of otherw se poor water quality. The injection wells
may al so be used to develop a barrier to saltwater intrusion in
coastal areas using highly treated wastewater. WAstewater to be
used for underground injection undergoes various |evels of
pretreatnment, up to and includi ng advanced wast ewat er treatnment
processes. The interaction between the injection water and the
native groundwater, including a full characterization of each,
shoul d be well understood. This characterization is typically
based on Federal (and often state) drinking water standards.

9.3.2.2 CGeneral Design Guidance. Several general design
criteria should be eval uated when designing an injection well
system and before construction:

a) Wel | conpletion details, including type of casing
material on well and screen, if used (e.g., carbon steel,
stainl ess steel, polyvinylchloride [PVC], etc.), approximte
casing setting depths, casing dianeters (generally designed for
fluid velocities of 8 fps [2.4 ms] or |ess), necessity of tubing
and packer, and whether well is screened or open borehol e.

b) Punp station design.

c) Vel | head pi ping and appurtenances (including flow
and pressure nonitoring equi pnent).

d) A hydrogeologic drilling and testing programto
coll ect and anal yze aquifer data (e.g., packer testing, coring,
specific capacity testing, geophysical |ogging program and water
qual ity sanpling).
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Tabl e 16
Classifications of Injection Wlls

d ass

Description

Vel

VWl |ls used by generators of hazardous wastes or
owners or operators of hazardous waste managenent
facilities to inject hazardous waste beneath the

| oner nost formati on containing, within one-quarter
mle of the well bore, an underground source of
dri nki ng water.

O her industrial and nunicipal (publicly or
privately owned) disposal wells which inject fluids
beneath the | owernost formation containing, within
one-quarter mle of the well bore, an underground
source of drinking water.

s that inject fluids:

That are brought to the surface in connection with
conventional oil or natural gas production and may
be comm ngled with wastewaters from gas plants

whi ch are an integral part of production
operations, unless those waters are classified as a
hazardous waste at the tine of injection.

For enhanced recovery of oil or natural gas.

For storage of hydrocarbons that are liquid at
standard tenperature and pressure.

s that inject for extraction of mnerals,
i ncl udi ng:

M ning of sulfur by the Frasch process.

Solution mning of mnerals.

(Note: Solution mning of mnerals includes sodi um
chl ori de, potash, phosphate, copper, uranium

and any other mneral that can be mned by this
process.)
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Tabl e 16 (Conti nued)
Classifications of Injection Wlls

d ass

Descri ption

Y

VWl |ls used by generators of hazardous wastes or of

radi oacti ve wastes, by owners or operators of hazardous
wast e managenent facilities, or by owners or operators
of radioactive waste disposal sites to dispose of

hazar dous wastes or radi oactive wastes into or above a
formati on which, within one-quarter mle of the well,
contains either an underground source of drinking water
or an exenpted aquifer.

(Note: These types of injection wells are banned
nati onw de.)

Injection wells not included in Cass I, I, II1I,
or IV.

Class V wells, which are grouped by expected quality
of the injection fluid, include:

Goup 1 a. Air-conditioning return flow wells used
to return to any aquifer the water used
for heating or cooling. An air-
condi tioning supply well, heat punp, and
return flow well used to inject water
containing no additives into the sane
per meabl e zone fromwhich it was
W t hdrawn constitute a cl osed-| oop
system

b. Cooling water return flow wells used to
i nject water previously used for cooling.

G oup 2 a. Recharge wells used to replenish,
augnent, or store water in an aquifer.

b. Saltwater intrusion barrier wells used to
inject water into a freshwater aquifer to
prevent the intrusion of saltwater into
the freshwater.

161




Downloaded from http://www.everyspec.com

M L- HDBK- 1005/ 16

Tabl e 16 (Conti nued)
Classifications of Injection Wlls

Cl ass Description

Vv c. Subsi dence control wells (not used for

t he purpose of oil or natural gas pro-
duction) used to inject fluids into a
zone that does not produce oil or gas to
reduce or elimnate subsidence associ ated
with the overdraft of fresh water.

d. Connector wells used to connect two
aquifers to allow interchange of water
bet ween those aquifers.

Goup 3 a. Wlls that are part of donestic waste
treat ment systens.

b. Swi nm ng pool drainage wells.

c. Devices receiving wastes, which have an
open bottom and soneti mes have perforated
sides. This rule does not apply to
single-famly residential waste disposal
syst ens.

d. Wlls used to inject spent brine into the
sane formation fromwhich it was wth-
drawn after extraction of hal ogens or
their salts.

e. Injection wells used in experinental
t echnol ogi es.

Goup 4 a. Dy wells used to inject wastes into a
subsurface formation

b. Sand backfill wells used to inject a
m xture of water and sand, tailings, or
other solids into m ned-out portions of
subsurface m nes.

c. Wlls other than Class IV used to inject
radi oactive waste, provided the con-
centrations of the waste do not exceed
drinking water standards contained in
Chapter 62-550, F.A C
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Tabl e 16 (Conti nued)
Classifications of Injection Wlls

Cl ass Descri ption

\% d. Injection wells used for in situ
recovery of phosphate, uraniferous
sandstone, clay, sand, and ot her

m nerals extracted by the borehole
slurry mning nethod.

Goup 5 a. Drainage wells used to drain surface
fluid, primarily stormrunoff or |ake
| evel (by gravity flow) into a
subsurface formation

Goup 6 a. Injection wells associated with the
recovery of geothermal energy for
heati ng, aqua-culture, and production
of electric power.

b. &G her wells.

e) Classification and permtting requirenments of
injection well (which will likely require a conplete
characterization of the wastewater to determ ne which aquifer
systens are acceptabl e for underground injection).

f) A groundwat er nonitoring program (if applicable)
to denonstrate conpliance with Federal Underground Injection
Control (U C rules. This program may include several nonitoring
wells conpleted to various depths, designed to nonitor possible
m gration of the injected fluids).

g) Addi tional design considerations, including high
wel |l level alarns, continuous head nonitoring, downhole flow
met ering per individual well, and potential groundwater
geochem cal interactions.

9.3.2.3 Design Details Determned During Installation. Several
final design details are determ ned during well installation,
i ncludi ng the foll ow ng:
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a) Types and quantities of cenent to fill annul ar
space to prevent fluid mgration.

b) Fi nal casing setting depths.

c) Information to determne if any state or Federal
relief mechanisnms are needed to operate the system (e.g., aquifer
exenptions).

d) Qperational testing of the injection systemto
obtain the appropriate operating permt(s). State and Federal
UCrules require strict conpliance to provi de maxi nrum assurance
t hat underground sources of drinking water (defined as, anong
other criteria, aquifers containing 10,000 ng/L or |ess total
di ssol ved solids) will not be negatively inpacted by underground
i njection of donestic wastewater.

A useful reference to assist with well design criteria
is Gound Water and Wells, UOP Inc., 1975.

9.3.2.4 Oper ational Considerations. There are several
operational considerations when designing an injection well.
One possible concern with injection wells may be cl ogging of the
aqui fer around the well, especially at the borehole interface
bet ween the gravel pack (if used) and the borehole wall.
Suspended solids can accunul ate and bacterial growh tends to
concentrate in this area. Oher processes that can decrease
injection rates in wells are precipitation of cal cium carbonate,
iron oxides, and other conpounds in the aquifer; dispersion and
swel ling of clay; and air binding.

Injection wells are nore vul nerable to clogging than
surface infiltration because the infiltration rates are nuch
hi gher. C ogging effects can be renedi ated by several nethods,
i ncludi ng periodic punping of the wells to reverse the flow and
potentially dislodge clogging materials, or acidization of the
injection well. Wen the wells are punped, the initial flowis
typically brown and odorous and is recycled through the treatnent
pl ant. Punpi ng schedul es may range from 20 m nutes per day to
several tines per year. |If punping does not restore the
injection rate, redevel opnent of the well nmay be necessary. The
best strategy for dealing wwth clogging is to prevent it by
proper treatnment of the water before injection. Limting the
| oadi ng of suspended solids, assimlable organic carbon,
nutrients such as nitrogen and phosphorus, and m croorgani snms my
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reduce the potential for clogging. Chlorination of the
wast ewater may be effective at m nim zing mcrobiol ogi cal
activity.

Aci di zation of the well is a process that involves
injecting a concentrated acid solution (typically hydrochloric
acid) down the well, shutting-in the well, allowing the acid to

react wwth the formation, then back-flushing the well or
continuing injection. Acidization is a very effective nmethod of
restoring injection capacities in carbonate aquifer systens.

Anot her operational consideration is nechanical integrity (M)
testing of the wells, which includes internal M denonstrations
(to show no fluid novenent is occurring due to |leaks in the
casing) and external M denonstrations (to show no annular fluid
nmovenent is occurring around the casings installed). Most
injection wells require M denonstrations every 5 years at a

mnimum See G ound Water Protection Council Class Il Injection
Wel |l Mechanical Integrity Testing Basic Training Course, G ound
Wat er Protection Council, 1994, for M design criteria and

avai |l abl e technol ogies. The wells should be designed to all ow
effective and econom cal well rehabilitation and testing
activities to be perforned on a routine or permt-driven basis.

9.4 Aqui fer Storage Recovery. Application or consideration
of this technology will require conmand or hi gher headquarters
approval . Aquifer storage recovery (ASR) stores water in a

suitabl e aquifer through a well during tinmes when excess water is
avai l able; the sane water is |later recovered through the sane
well during times when it is needed. Most ASR applications in
operation today are for seasonal, long-term or energency storage
of potable (drinking) water. No ASR systens using treated

wast ewat er are known to exist; however many systens in Florida
are in various stages of devel opnent. Federal regulations for
recl ai med-wat er ASR systens are pendi ng, although several state
progranms, including Florida, are in the final stages of

devel opment. In fact, Florida s reuse rules currently under

revi sion are encouragi ng and pronoting recl ai mned-water ASR
prograns to provi de seasonal storage of this increasingly

val uabl e commodity, allow ng wastewater treatnent plant operators
to nore effectively nmanage their reclaimed water systenms. Refer
to G oundwat er Recharge and Wlls, a Guide to Aquifer Storage
Recovery, David Pyne, 1994.

9.4.1 Appl i cations Guidance. High-quality reclainmed water
may be stored seasonally in brackish aquifers for |later recovery
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to neet irrigation or other demands. Wth ASR technol ogy, the
water is stored in the subsurface to be used at a |ater date.
Possi bl e ASR applications include storing and recovering water to
nmeet diurnal variations in supply and demands, banki ng recl ai ned
water to neet demands during extended drought periods or when the
quality of the water is not acceptable for the reuse application,
or strategically locating the ASR systemin |ocations where fl ow
or pressure constraints are inherent in the reuse system The
reclaimed water stored in an ASR system coul d be blended with
bracki sh water resources under certain applications to maxi m ze
the use of freshwater and brackish water in an area with limted
wat er resources. Additional aquifer treatnent could occur under
certain hydrogeol ogi c conditions which may enhance recl ai ned
water quality. Advanced treatnment of the stored or recovered
water could allow a wi de range of applications, including
indirect potable reuse with treatnent of the water to drinking
wat er standards. Under nost applications, ASR provides
additional reliability and operational flexibility for the
overall reuse system

9.4.2 CGeneral Design Guidance. See par. 9.3.1.2 for
pertinent information concerning design of ASR wells.

a) Design of ASR wells differ fromtypical effluent
di sposal wells in several areas:

(1) ASR wells are typically shallower than
di sposal wells, conpleted in a | ess saline receiving zone.

(2) ASR wells are designed to maxi m ze storage
and recovery versus maxi m zi ng di sposal capacity.

(3) Confinenent to prevent fluid novenent is not
typically as stringent since reclained water quality is generally
very good and, because of the node of operation (recharge and
recovery), fewer areas are typically affected.

(4) ASR wells require installation of a punp and
nmotor in the well since they are operated as a “production well”
during recovery peri ods.

(5 A small aboveground storage facility may be

required for an ASR systemto neet diurnal variations in
recl ai mred wat er denmands.
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(6) Wellheads and associ ated piping are nodified
to allow for bi-directional versus single direction flow. Note
that with ASR, plugging issues are of |ess concern since the ASR
well is periodically punped as part of the normal operation.

b) In determ ning whether to design a disposal system
or ASR system many predesign criteria should be eval uated.
These generally include, as a mninum the followng criteria:

(1) Analysis of reclained water supply and demand
projections, identifying potential reuse custoners

(2) Characterization of reclainmed water quality
and native formation water quality

(3) Assessnment of existing groundwater users in
the area

(4) Conpatibility of and recovery efficiency of
recl ai med water stored for reuse applications

(5) Ildentification of suitable storage or
di sposal hydrogeol ogi ¢ sequences

6() Permtting considerations to determ ne which

program neets the environnental objectives and standards set for
the area
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Section 10: SOLI DS CONVEYANCE AND SCLI DS PRETREATMENT

10.1 | ntroduction. Topics involved with solids handling and
di sposal include characterization of the solids, punping, piping,
pretreatnent, conditioning, thickening, stabilization,

dewat eri ng, storage, transport, and disposal. The WEF design
gui dance set provides design information on all of these aspects
of solids handling and di sposal. However, supplenentary design

i nformati on was consi dered necessary for piping, punp selection
and design, and pretreatnent (which includes grinding, screening,
degritting, blending, and storage). These topics are covered in
this section.

10. 2 Dat a Requi renents for Design of Solids Conveyance and
Pretreatnment Systens. The followi ng data are typically required
for designing solids conveyance and pretreatnent systens:

a) Sol i ds production maxi rum average, and m ni mum
rates and associ ated solids concentration ranges

b) Characteristics of the solids wth respect to
grit, abrasive materials, rags, plastics, and stringy materi al
cont ent

10. 3 Pi pi ng Desi gn

10.3.1 Pipe Sizing. To mnimze plugging problens, gravity
solids wthdrawal |ines should not be less than 8 inches (200 mm
in diameter. Pressurized piping should be designed to provide
average flow velocities between 3 and 8 fps (0.9 and 2.4 m's) but
shoul d be no smaller than 4 inches (100 nm in dianmeter to

m nimze plugging. Sone state regulations may require a m ni num
of 6-inch (150-mm dianeter pipe (refer to Geat Lakes-Upper

M ssi ssippi River Board of State Public Health and Environnental
Managers, 1990). Note that for installations using positive

di spl acenent punps and producing pulsating flow rates, velocities
during the discharge stroke may range up to 15 fps (4.6 nis).

10.3.2 Material Selection. dass-lined ductile iron pipe is
the material of choice for pressurized pipe used for conveying
primary solids or scum It is able to wthstand high pressures
and is nmuch snoot her than unlined pipe. The glass is also nore
resistant than plastic to abrasive material. Teflon-type
coatings may al so be considered. In addition, plastic-Ilined
steel, iron, or Schedule 80 CPVC pipe can be used. For

168



Downloaded from http://www.everyspec.com

M L- HDBK- 1005/ 16

return/waste activated sludge and digested solids, cenent-I|ined
ductile iron pipe is recommended.

10.3.3 Head Loss Determ nation. At concentrations above about
1.5 percent solids, wastewater solids streans act as

non- Newtonian fluids. As a result, head | osses encountered in

t he punping of thick solids are greater than those for water
under simlar conditions. Head |osses increase with increased
solids content, increased volatile content, and | ower
tenperatures. Hi gher pressures are also required to overcone
resi stance and start flow, especially after the discharge piping
has been shut down for several hours or nore. In primary solids
systens, grease coatings that reduce the effective dianmeter of
the pipeline may al so cause heads greatly in excess of the
theoretical head. As a result of these factors, head | osses
shoul d be determned with great care. (Quidelines for head | oss
cal cul ations are provided in WEF MOP 8.

10.3.4 System Layout. Make provisions for cleaning suction
and di scharge piping (normally by pigging). Pigs operate best at
3to5fps (0.9 to 1.5 nls) and require pressures higher than

t hose supplied by nost solids punps. A flushing connection
shoul d be provided on suction |lines and, in sonme cases, on

di scharge lines. Use of plant effluent for flushing water at a
flowrate of 160 gallons/mnute (10 L/s) and a pressure of at

| east 70 psi (483 kPa) has been recommended (refer to Metcalf &
Eddy, 1991). Hot water is preferable for flushing where grease
bui | dup has occurred.

Use | ong sweep el bows or 45-degree bends rather than
90- degree el bows wherever possible. Because erosion of elbows is
likely, locate them where replacenent will not be too difficult.

10. 4 Punp Sel ection. This paragraph introduces punp types
and gui des the designer in punp selection. Par. 10.5 details the
desi gn of punping systens. Additional information pertinent to
desi gners can be found in WEF MOP 8.

Punps used to convey wastewater solids and scumi ncl ude
the centrifugal, plunger, progressing cavity, and di aphragm
types. Punp selection fromanong these types depends on the type
of solids to be punped. Refer to Table 17.

Descriptions of these punps are provided in the
follow ng two publications: Metcalf & Eddy, 1991, and
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EPA 625/ 1/79/001. The relative advantages and di sadvant ages of
each punp type are presented bel ow.

Tabl e 17
Punp Sel ection

Type of Solids Appl i cabl e Punmp
Raw or digested primary Centrifugal punp (torque-flow or
solids screw feed type)

Pl unger punp

Progressing cavity punp

Di aphragm punp (air operated)
Trickling filter biosolids | Centrifugal punp (torque-flow or
noncl og type)

Pl unger punp

Progressing cavity punp

Raw or di gested waste Centrifugal punp (nonclog type)
activated sludge

Thi ckened waste activated Progressing cavity punp
sl udge

Scum Progressing cavity punp

Centrifugal punp (cutter
or torque-flow type)

Peristaltic (hose) punp
Rotary | obe punp

D aphragm punp

Pl unger punp

10.4.1 Centrifugal Punps. Standard centrifugal punps are
generally not suitable for punping solids streans because the
inpellers are prone to clogging. |In the torque-flow centrifugal
punp design, the inpeller is recessed and inparts a vortex into
the fluid, which propels the flow without the inpeller directly
contacting the solids stream As a result, the punp is able to
pass solids as |large as the suction and di scharge pi pi ng,

al t hough an upstreamgrinder is still recommended. Abrasive wear
is also not a significant problemw th torque-fl ow punps.
Torque-flow punps are relatively inefficient, but they are

170



Downloaded from http://www.everyspec.com

M L- HDBK- 1005/ 16

recommended for primary solids punping applications where the
sludge is relatively thin (2 percent solids or |ess).

The screw feed centrifugal punp incorporates sone of
the features of the torque-flow design but also has an
auger - shaped portion of the inpeller that extends into the
volute. This feature results in higher punping efficiency and a
steeper head curve than the conventional torque-flow design,
which helps in flow control. However, this type of centrifugal
punp is nore likely to accunul ate stringy material if the solids
streamis not ground properly beforehand.

Centrifugal cutter punps, or grinder punps, overconme
cl oggi ng problens by incorporating a sharp cutting edge on the
i npel l er, which serves to grind the solids passing through.

The mai n di sadvantage of the cutter punp and the ot her types of
centrifugal punps is that they cannot generate the high heads
that a positive displacenent punp can.

10.4.2 Progressing Cavity Punps. Progressing cavity punps
produce a relatively even flow and can achi eve hi gh pressures,
whi ch permt |onger punping distances than centrifugal punps and
aids in flushing of plugged lines. Two-stage progressing cavity
punps can generate from 120 to 150 psi (827 to 1,034 kPa) of
pressure; higher pressures can be achieved, if necessary, by
using nore stages. Up to nine stages are avail abl e, although
using one to four is nobst common.

Rapi d wear of the rotor and stator from abrasive grit
is one of the primary drawbacks to using progressing cavity punps
for primary solids. However, rapid wear is |less of a problem
with thickened activated sludge punping or scum punping. For
concentrated prinmary scum progressing cavity punps are the only
type of punps recommended.

Progressing cavity punps require a dry pit
installation. The punps are self-primng at suction lifts up to
28 feet (8.5 M. Run-dry protection, such as a high-tenperature
sensor in the stator, is recomended. A grinder ahead of the
punp is al so recomended.

10.4.2.1 Capacity and Power Consi derations. \Whenever
progressing cavity punps are used for punping primary solids (raw
or digested), a generous allowance should be nmade in capacity.
The punp shoul d be designed to punp at |east 50 percent nore than
its required peak hydraulic capacity, and speed control should be
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provided to all ow operation over the entire flow range (m ni num
floww th new stators and rotors; maximumflow with worn stators
and rotors). Determ ne the notor horsepower based on worst-case
hydraul i cs, not including the added 50 percent capacity

al l omance. Also, the m ninmum horsepower necessary to start the
punp nust be provided. Proper selection of the punp speed range
is essential. The average operating speed should be in the range
of 40 to 80 rpm and shoul d never exceed 200 rpm

10.4.3 Pl unger Punps. A plunger punp, also called a piston
punp, is a positive displacenent punp in which a reciprocating

pi ston displaces its volune on each stroke. This punp has the
capability to self-prine to |ow suction |ifts of up to 10 feet

(3 mM, although it is recomrended that these punps be used under
fl ooded suction conditions to avoid primng problens. Suction
and di scharge ball check valves are provided to prevent backfl ow
during operation. To reduce surge in lines, air chanbers should
be provided on all discharge pipes and on suction pipes with nore
than 5 feet (1.5 n) of suction head.

One di sadvant age of plunger punps is their frequently
messy operation. Q| nust be added every shift, and it usually
| eaks around the punp area. Packing gl ands on the plunger
usually leak, so it is recomended that an easy neans of
containing the spills and cleaning the punp area be included in
t he system desi gn.

10.4.3.1 Pulse Flow Capacity Considerations. Plunger punps are
relatively imted in capacity (75 to 250 gpm[4.7 to 16 L/s]).
The di scharge is varied by nmanually adjusting the stroke | ength.
Stroke frequency is usually controlled by a tiner. The system
must be designed for the punp’s pulse flow, not its rated
capacity, as |listed bel ow

Type of Punp Pul se Fl ow Rated Capacity
Si npl ex 3.10
Dupl ex or two sinpl ex 1.55
Triplex or three sinplex 1.20
Two dupl ex 1.10

As indicated, duplex and triplex punps give a snoother
fl ow than sinpl ex punps, which reduces horsepower requirenents.
Because of their pulsating flow, direct flow neasurenment can be
difficult. Analog devices that produce a signal proportional to
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fl ow whenever the punp operates are often used. These nust be
manual | y adj usted whenever the punp stroke length is changed.

10.4. 4 Di aphragm Punp. A di aphragm punp is a positive

di spl acenent punp that delivers a volune equal to the

di spl acenent of the driving element, a flexible diaphragm on
each stroke. Wiile several types of diaphragm punps are

avai lable, only the air-operated type with spring assist is
recomended for punping primary solids. This type of punp is
suited to punping thick solids (above 2 percent) but is not
recomended for punping prinmary scum

The air-operated di aphragm punp requires very cl ean,
hi gh-pressure (80 to 124 psi [552 to 855 kPa]), low humdity
(-40°F [-40°C] dew point) air for operation. The air should be
delivered through a 1-1/4- to 1-1/2-inch (3 to 4 cm mnimum
supply tap. A tiner-operated solenoid valve allows air to
rapidly enter and exit the punp operating chanber, which in turn
rapidly flexes the diaphragm This results in high flow
velocities in both the suction and di scharge piping, mnimzing
pi pe cl oggi ng probl enms but causing substantial surges that
requi re special consideration during design. For exanple, a
4-inch (10 cm punp delivers a 3.8-gallon (14-L) stroke, which is
equi val ent to about 250 gpm (16 L/s).

Because of the large forces on the pipeline, the design
must include adequate pipe restraints and fl exi bl e couplings
bet ween the punp and piping. Air surge chanbers and doubl e bal
checks shoul d be provided on both the suction and di scharge sides
to protect the piping. A nuffler is required on the air
di schar ge.

10.4.5 Rotary Lobe Punp. Rotary | obe punps use synchroni zed
cans inside a chanber. Voids between the cans and t he chanber
fill wwth the material being punped and force it fromthe suction
side to the discharge side. Because of the close tol erance and

| ack of natural flushing between the | obes and the chanber

housi ng, there have been extensive problens in the past with
excessi ve wear when punping abrasive materials. As a result,

t hese punps may be applicable for scum punpi ng but not for
punpi ng of other wastewater solids streans.

10.5 Punpi ng System Design. Arrange punps so that they can
be easily serviced, with adequate space and lighting. The floor
where the punps are | ocated should generally be sloped 1/4 to
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1/2 inch per foot (2 to 4 cmm to facilitate drai nage and

cl eanup. For punps too large to be lifted nmanually, a chain
hoi st attachnment, nonorail, or traveling bridge crane sized to
handl e the | argest piece of equi pnent shoul d be provided.

Hat ches, doors, or renovable walls should be provided where
appropriate to allow renoval of equipnent.

For primary solids punping systens, provide surge
chanbers with pressure gauges and fl exi bl e punp-to-piping
couplings on both the suction and di scharge side of the punp.

A hi gh-di scharge pressure alarm and hi gh-pressure shutdown system
shoul d be provided. Seal water, where required, should be
potable water or filtered final effluent. Backflow preventers
are required if potable water is used.

Requi rement s concerni ng punp capacity, need for
duplicate units, mninum head, and sanpling valves are given in
Ten State Standards (G eat Lakes, 1990).

10.6 Solids Ginding. In-line solids grinders, which cut

| arge materials into small particles, are recommended upstream of
progressing cavity punps and centrifuges to prevent clogging.
They are al so beneficial upstreamof belt filter presses to help
reduce belt damage and wear. Several manufacturers narket
grinders, which have different maintenance requirenents and
produce varyi ng degrees of pulverized solids. Descriptions of
solids grinders and design information are provided in WEF MOP 8.

10.7 Solids Screening. Solids screening may be necessary to
ensure a uniformand visually acceptable product, to assist in

t he operation of nechanical dewatering units, or to prevent
accunul ation of rags and plastics in digesters. Solids screening
is nore effective than grinding but also nore costly and

mai nt enance-i ntensive. The solids screenings volune is estimated
at 10 to 75 cubic yards per day per mllion gallons (2 to

15 cubic neters per day per mllion liters) of plant influent.

Internal feed rotary screens are the reconmmended choice
for solids screening because of the cross-flow feed pattern,
whi ch m nimzes aligning of fibers with the openings and reduces
pl uggi ng problens. Static screens are not recomended for this
appl i cation because of cloggi ng problens.

Screens shoul d be sized to handl e the maxi mum proj ected
solids streamflow, considering equalization available in the
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system and the nunber of hours per day schedul ed for solids
wasting. Because of the effect of suspended solids on the
screen, the hydraulic capacity when screening primary solids is
estimated to be only about 10 percent of the hydraulic capacity
when screening raw wastewater. Typical screen opening size
varies between 0.1 and 0.25 inches (0.25 and 0.6 cn). Openings
below 0.1 inch (0.25 cm) will tend to bind with grease. The
presence of grease and scum nake it essential that the screen
contain a positive cleaning nmechanism Fine screens typically
require a high-pressure (1,400 psi [9,653 kPa]) hot water or
steam wash at | east once per day.

10. 8 Solids Degritting. |In small plants, separate grit-
removal facilities are frequently not provided at the head of the
plant, so grit settles in the primary clarifiers. 1In this case,

the primary solids are often degritted to protect downstream
processes such as punps and digesters. Git carryover to
secondary settling basins is generally not a problemthat
warrants grit renoval from secondary solids.

The use of hydrocyclones is the nost practical nethod
of degritting solids. The solids streamis applied tangentially
to the cylindrical portion of the unit, which inparts a
centrifugal force. The heavier grit particles nove to the
outside of the cylinder section and are di scharged through a
coni cal section, while the organic solids streamis discharged
through a separate outlet. The efficiency of grit renoval is a
function of the solids concentration of the influent solids.
Sol i ds shoul d be punped to the hydrocyclone at no nore than
1 percent solids concentration for effective grit renoval

10.9 Solids Blending. In small treatnent plants of about

1 ngd [4 M./d] or less, secondary waste activated sludge is
commonly wasted to the primary settling tanks, where it settles
and m xes with primary solids. |[|f digestion is provided at the
pl ant, primary and secondary solids can also be fed separately to
t he digester because the detention tine in a digester is |ong
enough that a uniformfeed m xture of primary and secondary
solids concentration is not required for process stability.

If a uniformblend of primary and secondary solids is
requi red upstream of a stabilization or dewatering process, a
separate solids blending tank should be provided. The detention
time of the tank will vary froma few hours to a few days,
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dependi ng on storage rather than blending requirenents. Provide
mechani cal m xing to ensure conpl ete bl ending of the solids.

Because solids will go septic rapidly, the blend tank
shoul d be aerated or provided with chlorine or hydrogen peroxide
feed to control odors. Covering tanks when the contents are
anaerobic nmay |lead to severe sul fide-induced corrosion above the
liquid surface unl ess adequate ventilation is provided.

10. 10 Storage. The rates of solids production and processing
at a wastewater treatnent plant vary independently with tine.

The rates of primary and secondary solids production vary with
the plant influent suspended solids and organic | oadi ngs, whereas
the rate of solids processing varies with the nature and capacity
of the processing and di sposal system and the nmanner in which the
systemis operated. In general, solids production is continuous,
whil e certain portions of the processing systemare

di scontinuous, e.g., 8 to 16 hours per day, 5 days per week.

Li kew se, sonetines solids cannot be di sposed during inclenent
weat her or during certain seasons of the year.

Consequently, solids storage capacity is mandated at
all mechani cal wastewater treatnent plants. Tenporary storage
can be provided within settling basins. Longer-term storage can
be provided within digesters, separate bl end/ storage tanks, or
| agoons. |If the solids have been stabilized and dewat ered,
stockpiling on a pad may be acceptable. In humd clinmates,
dewat ered cake stockpile areas shoul d generally be covered.
The required solids storage vol une shoul d be cal cul ated. Methods
of calculation are described in Metcalf & Eddy, 1991, and in
MOP 8.
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Section 11: LABORATORY FACI LI TI ES
AND SAMPLE COLLECTI ON SYSTEM DESI GN

11.1 Design of Laboratory Facilities and Sanple Collection
Systens. This section addresses two interrelated design
concerns: |aboratory facilities and sanple collection systens.
An efficient |aboratory design takes into account the anal yses
normal ly perfornmed at an installation as part of its operation.
Simlarly, a good sanple collection systemis part of overal

pl ant design and process control. The primary design gui dance,
VWEF MOP 8, provides some coverage of |aboratory facilities

pl anni ng and sanpl e collection systemrequirenents in Chapter 4,
Site Selection and Pl ant Layout. The paragraphs bel ow address
these two topics and provide titles for additional references.

11.2 Laboratory Facilities Planning. The traditional
approach to designing wastewater |aboratories often relies on
sinple fornul as, usually based on treatnent plant capacity, to
size and furnish laboratory facilities. Wile these fornulas may
provi de acceptabl e | aboratory space for relatively snal

treatnent plants, too often the result is a cranped, inadequately
desi gned | aboratory | acking many essentials. Good |aboratory
design ultimately depends on a know edge of the type and quantity
of analytical tests to be perforned. Usually, a nunber of
different analysis or tests are required for each installation.
These tests, along with the nunber of sanples to be analyzed for
each test paraneter, determ ne the nunber of people involved and
t he equi prment and conditions required. This information, in
turn, establishes the basic Iimtations on size and arrangenent
of the laboratory facilities.

11.2.1 Desi gn Gui dance. Conprehensi ve gui del i nes of
sufficient scope and depth for the design of wastewater

| aboratories are provided in Laboratory Planning for Water and
Wast ewat er Anal ysis, Douglas O ark, 1988. That handbook
considers the influence of each of the several related factors
necessary for an effective design. It also provides a step-by-
step guide for the |aboratory designer in the foll ow ng areas:

a) Ki nds and quantities of |aboratory anal yses
normal Iy performed by various installations.

b) Nunmber of | aboratory personnel required to
acconplish the above anal yses.
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c) Size of laboratory facility needed to adequately
house the | aboratory personnel and equi pnent required to perform
testing at a specific |ocation.

d) Design and construction details, including |ayout
or floor plan, internal dinensions, and materials of
construction.

e) I nstal |l ed furnishings, including casework, bench
tops, bal ance and instrunment tables, sinks and drains, funme
hoods, and energency showers and eyewashes.

f) Services including HVAC, lighting, electric power,
wat er, gas, vacuum and conpressed air.

g) Laboratory equi pnment, chem cals, and supplies
required to carry out the analytical workload at a specific
| aboratory facility. These requirenments are typically driven
nmore by the type of treatnent facility and | evel of treatnent to
be achi eved (for exanpl e advanced waste treatnent versus
secondary treatnent) than by the treatnent facility size.

h) Exanpl e design applications.

11.3 Sanple Collection Systens. The inportance of reliable
and frequent |aboratory tests cannot be overenphasi zed.
Effective treatnent plant design and process control are based,
for the nobst part, on accurate wastewater characterizations.
Reliable test data, in turn, depend on sanples that are fully
representative. In other words, the sanples nmust truly reflect
the actual condition of the wastewater. Designers of sanple
coll ection systens should consider 1) the | ocation of sanple
points, 2) types of sanples, and 3) sanple collection nethods.
These three areas are discussed bel ow. For additional
information, refer to EPA-600/4-82-029, Handbook for Sanpling and
Sanpl e Preservation of Water and WAst ewat er.

11. 4 Sanpling Locations. Sanple |locations are normally
defined by regulatory requirenents and operational objectives.

For exanple, operating permts for wastewater treatnent plants
usual ly require sanpling of both influent and effluent.

Addi ti onal sanple |ocations may be required based on the type and
nunber of processes to be nonitored as well as the configuration
of the treatnent facility. For instance, proper operation of the
activated sludge process requires nore nonitoring than trickling
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filters or stabilization ponds. Also, sone treatnent facilities
have multiple treatnent units, bypass and recycle streans, and
other features that need to be considered when designing a
sanpling system

11. 4.1 Sel ecting Sanple Locations. Consider the follow ng
five points when selecting [ocations for sanple collection:
honogeneity, wastewater characteristics, water quality
degradation, flow neasurenent, and conveni ence. Each factor is
di scussed bel ow.

11.4.1.1 Honogeneity. Take sanples fromwaters that are well

m xed. Areas of high turbul ence and hydraulic junps are usually
good sanple sites. Take sanples in the center of channels, where
velocity is highest and the possibility for solids settling out
is lowest. Avoid locations imrediately upstream of weirs, where
solids tend to settle. Also avoid |locations of different
densities and | ocations where oils and floatable matter tend to
col |l ect.

Sanpl e taps on pi pes should be placed on the side of
the pipe in a horizontal run follow ng a 90-degree bend, tee, or
val ve that will produce turbul ence and m xing. Avoid placing
sanpl e taps on the bottom of any pipe or at the top of |arge-

di aneter pipes that may not always be full. For |arge-dianeter

pi pes (greater than 18 inches [450 mm]) and all tanks, the sanple
tap should extend toward the center of the pipe or tank, where
the sanples tend to be nore representati ve.

11.4.1.2 Ceneral Characteristics of the Wastewater. Coll ect
sanples at representative sites in the individual wastestream
For exanple, plant influent sanples should be taken upstream of
the confluence with recycle flows. Effluent sanpling |ocations
will be specified in the permt.

11.4.1.3 Water Quality Degradation. Consider the need for
sanpl e preservation. For exanple, refrigerated conposite

sanpl ers nust have a reliable power source. Power failure should
trigger an alarmto alert operators.

11.4.1.4 Flow Measurenent. Most sanple sites, including al
influent and effluent |ocations, should be | ocated where fl ows
are known or can be easily determ ned.

11.4.1.5 Convenience. Accessibility and practicability are
i nportant but secondary to the precedi ng considerations.
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11.5 Type of Sanple. The type of sanple collected depends
on the variability of flow, the variability of water quality,
specific handling and storage requirenents of the designated

| aboratory analysis, and the accuracy required. For conpliance
nmonitoring, a specific sanple type is typically specified in the
operating permt. In general, tw types of sanples are taken for
| aboratory anal ysis, grab sanples and conposite sanpl es.

11.5.1 Grab Sanple. A grab sanple is defined as an

i ndi vidual, discrete sanple collected over a period of tinme not
exceeding 15 mnutes. The single sanple is taken at neither a
set tinme nor flow and represents conditions or characteristics
only at a particular point in tine. Gab sanples can be taken
manual ly or with the aid of a suitable nmechanical device, such as
a punp or vacuum

11.5.2 Conposite Sanple. A conposite sanple is defined as a
sanple fornmed by m xing discrete sanples taken at periodic points
intime or by collecting a continuous proportion of the flow The
nunber of discrete sanples which make up the conposite depends
upon the variability of the wastewater quality as well as
variability of flow A sequential conposite is defined as a
series of periodic grab sanples, each of which is held in an

i ndi vi dual container, then conposited to cover a |onger tine
period. Six nethods are used for conpositing sanples. Table 18
lists those nethods with their advantages and di sadvantages. The
choi ce of conposite type is dependent on the rel ative advant ages
and di sadvantages as they apply to |local conditions.

11.5.3 Sel ecti on of Sanple Type.

11.5.3.1 Gab Sanples. Use grab sanples in the follow ng
I nst ances:

a) When using sanpl es such as batch dunps (i.e.
return-activated sludge [RAS], waste-activated sludge [WAS], or
di gestor supernatant, etc.), the process stream does not fl ow
conti nuously.

b) The water characteristics are relatively constant.

c) The paraneters to be analyzed are likely to change
Wi th storage, such as dissolved gases (i.e., DO, residua
chlorine, soluble sulfides, oil and grease, m crobiol ogi cal
paraneters [coliforns], some organic constituents, and pH)

d) It is desired to corroborate conposite sanpl es.
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e) Grab sanples are necessary to neet permt
requirenents.

f) | nformati on on maxi num mninmumor variability is
desired.

11.5.3.2 Conposite Sanples. Use conposite sanples when:

a) Det erm ni ng average concentrati ons
b) Cal cul ating mass per unit tinme | oading

11.6 Met hods of Sanple Collection. Sanples can be collected
manual |y or with automatic sanplers. \Wichever technique is
adopted, the quality of |laboratory data is a function of the care
exercised in sanple collection. Optinmum performance will be
obt ai ned by using trai ned personnel.

11.6.1 Manual Sanpling. There is mnimal initial cost

i nvol ved in manual sanpling and a certain anmount of manual
sanpling is unavoi dable. But the technique can becone costly and
time consum ng for collection of routine conposite sanpl es.

Table 19 lists sone of the advantages and di sadvant ages of manual
and automatic sanpling.

11.6.2 Automatic Sanplers. Automatic sanplers are used
because of their cost effectiveness, reliability, and inproved
capabilities (i.e., they permt greater sanpling frequency). In

sone cases, the increased sanpling requirenents of NPDES and
other regulatory permt prograns virtually mandate automatic
sanplers. Automatic sanplers are available wwth w dely varying

| evel s of sophistication, performance, nmechanical reliability,
and cost. No single automatic sanpling device is ideally suited
for all situations. For each application, the follow ng

vari abl es shoul d be considered in selecting an automatic sanpler:

a) Vari ation of wastewater characteristics with tine
b) Variation of flowrate with tinme

c) Specific gravity of liquid and concentrations of
suspended solids

d) Presence of floating materials
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Tabl e 19

Advant ages and D sadvant ages of Manual and
Aut omatic Sanpling

Type Advant ages D sadvant ages
Manual Low capital cost Probability of increased
variability due to sanple
handl i ng
Conmpensate for various | nconsi stency in collection
si tuations
Not e unusual conditions | nefficient use of | abor
No nai nt enance Repetitious and nonot onous
task for personnel
Can col |l ect extra sanpl es
in short tinme when
necessary
Automatic | Consistent sanples Consi der abl e mai nt enance

Probability of decreased

variability caused by

sanpl e handling

for batteries and cl eani ng;
susceptible to pluggi ng by
sol i ds

Restricted in size to the
general specifications
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Tabl e 19 (Conti nued)
Advant ages and D sadvant ages of Manual and
Aut omatic Sanpling

Type Advant ages D sadvant ages

M nimal |abor requirenment |[Inflexibility
for sanpling

Has capability to collect | Sanpl e contam nati on
mul tiple bottle sanples pot enti al

for visual estimte of
variability and anal ysis
of individual bottles

Subj ect to damage by
vandal s

There are usually five interrel ated subsystens in the
design of an automatic sanpler. These subsystens and the
criteria for selecting themare described briefly bel ow

11.6.2.1 Sanple Intake Subsystem The success of an automatic
sanpler in gathering a representative sanpl e depends on sanpling
site conditions and the design of the sanple intake subsystem
The reliability of a sanple intake subsystemis neasured in terns
of the follow ng factors:

a) Freedom from pl uggi ng or cl oggi ng

b) Nonvul nerability to physical damage

c) M ni mum obstruction to fl ow

d) Capability to draw a representative sanpl e

e) Mul tiple intakes

f) Rigid intake tubing or facility to secure or
anchor the intake tubing; avoidance of sharp bends, tw sts, or

ki nks to prevent clogging of intake |ine

g) Conpatible materials
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11.6.2.2 Sanple Gathering Subsystem Three basic sanple

gat hering nethods are available in commercial sanplers:

mechani cal, forced flow, and suction |ift. Figures 25 and 26
illustrate forced flow and suction lift sanple gathering
subsystens, respectively. Figure 27 illustrates an open channel
mechani cal sanpl e gathering subsystemthat can be used for both
weir and flume installations. These subsystens are conpared in
Tabl e 20.

11.6.2.3 Sanple Transport System A mpjority of commercially
avai |l abl e conposite sanplers have fairly small dianmeter tubing in
the sanple train. This tubing is vulnerable to pluggi ng because
of the buildup of fats, other solids, and insol uble conponents.
Adequat e flow rates nust be maintai ned throughout the sanpling
train to effectively transport suspended solids.

To optim ze sanpler performance and reliability, the
follow ng features are desirable:

a) Use a sanple transport line with at |east a
1/ 4-inch (6-nm internal dianeter.

b) For nost applications, replaceable sanple |ines
are preferable.

c) For nost applications, select sanplers that
m nimze contact of the water/wastewater with netal surfaces
during sanple transport.

d) For peristaltic punps, use a sanple line that is
transparent and flexible, and nade of an inert material such as
Tygon. For collection of organics, use sanple |ines constructed
of silicone rubber. Do not use silicone rubber transport |ines
for trace netal sanpling since zinc may be a contam nant.

e) Conduct tests on sanple transport |ines and
containers to ensure that the sanple is not contam nat ed.

f) Prevent cl ogging of sanple lines by avoiding sharp
bends, tw sts, or Kkinks.

g) Flush the sanple line prior to and i nmedi ately
after each sanple collection. A clean water flush is effective
but not feasible in nost instances. A conplete air purge is
sufficient for non-permanent or w nter operation.
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PRESSURE OPERATION
Propellant under pressure from a
source (A) is metered by a control
valve (B) for rate meter (C) into
accumulator tank (D). On reaching
a preselected pressure, a pneumatic
relay (E) releases the accumulated
propellant through inlet line (F) to
the sample intake chamber (G).
Pressure in the chamber closes its
check valve (H) and propels the
sample through outlet line (1) and
into the sample bottle (J). Excess
propellant vents through the sample
line, thereby purging it of liquid and
incidentally providing protection
against line freezing in cold weather.
The resulting pressure drop recloses
the relay (E) and the sampling cycle
repeats at a repetition rate
determined by adjusting the control
valve (B).

Figure 25

Schematic of Forced Fl ow Type Sanpl er
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Figure 26

Schematic of Suction Lift Type Sanpl er
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Parts List

No. Description

Motor—Reducer
Drive Sprocket
Driven Sprocket
Roller Chain
Scoop

Scoop Counter Weight (not
shown)

Limit Switch

Time Clock

Alum. Sampler Casting
Alum. Sampler Support
11. Outlet Coupling

12. Unilet Body and Cover

oahwd

—
coeN

€

PLASTIC
PIPE

SAMPLE
BOTTLE m

ACKERMAN

Fi gure 27
Schematic of Open Channel Mechani cal Sanpler
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Tabl e 20

Conmpari son of Sanple Gathering Subsystens

Feature Mechani cal Forced Fl ow Suction Lift

Al l owable lift Hi gh Hi gh Limted to 25 feet
hei ght to (7.6 m or less
sanpl e
cont ai ner
Sanpl e Possi bl e Possible with Possible with
i ntegration punps but not mul ti pl e intakes
over the entire with ejection
dept h units
Qobstruction to Signi ficant Less than Very little
fl ow mechani ca

subsystem
Expl osi on proof | Sone Pneumati c Sone

ejection units

meet this

requi renent
Di ssol ved No probl em No probl em Not suited, but if
gasses used the initial

fl ow shoul d be
di scar ded
Foul i ng Exposed parts | Not easily | nt ake tubi ng of
have a foul ed | ess than 1/4 inch

Sanpl e vol une

Flexibility
Mai nt enance

tendency to
f oul

Sui table for
w de range

Limted
Heavy

Punp suitable
for w de range;
pneumati c
ejection units
suitable for
sanpl e vol une
Moder at e
Moder at e but
costly

(6 MM inside

di aneter is prone
to fouling

Shoul d be

i ndependent of
vertical |ift

Maxi mum

Little
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h) Sel ect a sanple punp capable of lifting a sanple a
vertical distance of 20 feet (6.1 m and maintaining a |line
velocity of 2 to 10 fps (0.6 to 3.0 nm's).

i) The i nportance of line velocity and isokinetic
conditions (intake velocity sane as velocity of flow of water)
depends on the concentration and density of the filterable
suspended solids in the water, the sanpling programrequirenents
for accuracy of suspended solids determ nations, and any ot her
paraneters affected by suspended solids concentrations. If a
sanpling programrequires maintaining isokinetic conditions, dial
adj ustnment of intake velocity is a desired feature.

1) Al materials should be exam ned to ensure that
they do not contam nate the sanple.

k) Exclude light fromthe sanple storage conpartnent.

11.6.2.4 Sanple Storage Subsystem Discrete sanples are subject
to considerably nore error introduced through sanple handling;
however, they provide opportunity for manual flow conpositing and
time history characterization of a wastestream during short
period studies. The desired features of sanple storage
subsystens include the foll ow ng:

a) Flexibility of discrete sanple collection with
provi sion for single conposite contai ner

b) M ni mum di screte sanpl e contai ner vol une of
0.13 gallons (500 mlIliter [m]) and a m ni num conposite
contai ner capacity of 2.0 gallons (7.57 L)

c) St orage capacity of at |east 24 discrete sanples

d) Cont ai ners of conventional polyethyl ene or
borosilicate glass and of w de-nouth construction

e) Capability for cooling sanples by refrigeration or
a space for packing ice and nmai ntaining sanples at 39° to 43°F (4°
to 6°C) for a period of 24 hours at an anbi ent tenperature range
bet ween -22° to 122°F (-30° to 50°C)

f) Adequate insulation for the sanpler to be used in
ei ther warm or freezing anbient conditions
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11.6.2.5 Controls and Power Subsystem The follow ng are
desired power and control features that may be necessary
dependi ng upon whether the sanpler is to be a portable or
permanent install ation:

a) Capability for either alternating current (AQC
(electrically grounded systen) or direct current (DC) operation.

b) Battery life for 2 to 3 days of reliable hourly
sanpling w thout recharging.

c) Battery wei ght of |ess than 20 pounds (9 kg).
Batteries should be sealed so no | eakage occurs.

d) Solid-state logic and printed circuit boards.

e) Timng and control systens contained in a
wat er proof conpartnent and protected fromhumdity. Tinmer should
use solid-state logic and a crystal controlled oscillator.

f) Controls directly linked to a flowreter to all ow
both fl ow proportional sanpling and periodic sanpling at an
adj ustable interval from 10 mnutes to 4 hours.

g) Capability of multiplexing, that is, drawing nore
t han one sanple into a discrete sanple bottle to allow a snall
conposite over a short interval. Also capability for filling
nore than one bottle with the sanme aliquot for addition of
di fferent preservatives.

h) Capability of adjusting sanple size and ease in
doi ng so.

11.6.2.6 Ceneral Desirable Features. For safety, naintenance,
reliability, and security in field applications, the follow ng
general features are desired in an automatic sanpler:

a) Water-tight casing to withstand total i nmersion
and high humdity

b) Vandal - proof casing with provisions for | ocking

c) A secure harness or nmounting device if sanpler is
pl aced in a sewer

d) Expl osi on- proof construction
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e) Sized to fit in a standard manhol e w t hout
di sassenbl y
f) Conpact and portable for one-man installation
g) Overall construction, including casing, of
materials resistant to corrosion (plastics, fiberglass, stainless
steel)

h) Exterior surface painted a light color to reflect
sunl i ght

i) Low cost, availability of spare parts, warranty,
ease of maintenance, reliability, and ruggedness of construction

11.6.3 Install ati on and Use

11.6.3.1 GCeneral Consideration. Sanpling equipnent will yield
good results only when properly installed and nmai ntained. A few
general gquidelines follow

a) When a sanpler is installed in a manhol e, secure
it either in the manhole (e.g., to a rung above the high water
line) or outside the manhole to an aboveground stake by neans of
a rope.

b) Pl ace the intake tubing vertically or at such a
sl ope to ensure gravity drainage of the tubing between sanples,
avoi ding loops or dips in the line.

c) Position the intake in the stream facing upstream
Limt the orientation of the intake 20 degrees on either side of
the head-on. Secure the intake so that no drag is placed on the
i nl et tubing.

d) After the installation is conplete, collect a
trial sanple to ensure proper operation and sanple collection.
The sanpler nmust give replicate sanples of equal vol une
t hroughout the flow range. |[If the sanpler inposes a reduced
pressure on a wastestream contai ni ng suspended solids, run the
first part of the sanple to waste.

11.6.3.2 Wnter Qperation. For outdoor use in freezing
tenperatures, use special precautions to prevent the collected
sanpl e(s) from freezing:
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a) Pl ace the sanpler below the freezing level or in
an i nsul at ed box.

b) Wen AC is available, use a light bulb or heating
tape to warmthe sanpler. Wen installation below the freezing
I evel is not possible and line current is available, wap 4 to

6 feet (1.2 to 1.8 n) heat tapes (thernostatically protected 38°F

[3°C]) around the sanple bottle and the intake lines. Loosely
wap a large 10-m | plastic trash bag over the heat tape on the
intake lines. Place a |large plastic bag over the sanpler as

| oosely as possi bl e.

c) Place the line vertically or at such a slope to
ensure gravity drainage back to the source. Even with a back-
purge system sone liquid will remain in the Iine unless gravity
drainage is provided. |If an excess |length of tubing exists, cut
it off. Keep all lines as short as possible.

d) Do not use catalytic burners to prevent freezing
since vapors can affect sanple conposition. Wen power is

unavail abl e, use a well-insul ated box containing the sanpler, a
battery, and a small light bulb to prevent freezing.

11.6. 4 Sel ection of an Automatic Sanpler. To choose an
automatic sanpler, list the desired features needed and sel ect

the sanpler that best fits the requirenments consistent with the
sanpling objectives. Followng is alist of features to be
considered in selecting an automatic sanpl er:

a) Vertical lift

b) Submer gence

c) Expl osi on proof

d) I nt ake tube: dianeter/materi al

e) Di ssol ved gases

f) Suspended solids

g) O ls and grease and floating materi al
h) Material s: organic pollutants

i) | soki netic sanpling
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1) Sanpl e type: continuous, conposite, tine
proportional, flow proportional, and so on

k) Mul tiple intakes
[) Mul ti pl exi ng

m Dependabi lity

n) Ease of operation
0) Mai nt enance

p) Avai l ability
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Section 12: CORROSI ON CONTROL

12. 1 Corrosive Environnment. The corrosive environnment found
in nost wastewater treatnment plants can range frommld to
aggressi ve, dependi ng upon the source of the wastewater

(it ndustrial |oading), the geographical |ocation of the plant
(proximty to seacoast |ocations), the characteristics of the
soils in the area, and the chem cals used on site for treatnent.
While many of the structures associated with WMPs are nmade of
concrete, there are many applications requiring netal alloys and
nonnetallic materials. |In nobst cases, corrosion issues should be
addressed in the design stage and appropriate nmaterials sel ection
or corrosion mtigation procedures specified.

Bei ng aware of potential corrosion problens during the
desi gn phase wll greatly mnimze problens that can devel op
during construction or after the facility is conm ssioned and
operational. The primary design gui dance contains salient
di scussion of the treatnent system conponents typically subject
to corrosion, and the specific conpounds of concern. These are
di scussed chapter by chapter in WEF MOP 8. WEF MOP 8 Chapter 8
is devoted entirely to construction materials selection, and
cont ai ns gui dance on eval uating plant exposure conditions,
potential for corrosion/deterioration, and design consideration
in the selection of materials and construction techni ques. WEF
MOP FD-5 Chapter 4 al so contains guidance for corrosion
protection in sewers. This section provides information on a
nunber of corrosion issues that should be handl ed during design.
Addi tional information is available in Air Force Instruction
(AFl) 32-1054, Corrosion Control and MO 307, Corrosion Control,
whi ch shoul d be used as a reference guide in addition to the
information presented in this section.

12.1.1 Under gr ound Exposures. Under ground exposures include
pi ping (steel, ductile iron, reinforced concrete, prestressed
concrete) and various concrete structures (foundations, manhol es,
punp stations, wet-wells, clarifiers). The characteristics of
the soils in which materials will be exposed have a direct
bearing on their corrosion performance and will directly affect
the corrosion mtigation procedures that will be required.

Al'l new designs require geotechnical investigations of
the characteristics of the soil. 1In addition to the nornmal data
devel oped fromthese investigations to determ ne | oad-bearing
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characteristics, other soil tests are needed to determ ne
characteristics that affect corrosion perfornmance.

12.1.1.1 Soil Testing. A nunber of soil characteristics wll
have a direct effect on the corrosion performance of certain
materials that are buried in the soil. There are a variety of
opi ni ons expressed regarding the interpretation of soil data;
however, nost authorities generally agree with the information
presented in Table 21.

These data are easily determ ned during the
geot echni cal assessnent of the plant site. Fromthese results,
the type of cement required can be determned (for sulfate
resistance). 1In addition, the soil resistivity may be used to
determ ne the need for corrosion protection for buried netallic
pi pelines, such as ductile iron or steel pipe. Additional
information on the requirenents for cathodic protection and
protective coatings is discussed in par. 12.3.

Tabl e 21
Critical Soil Paraneters

Par anet er Criteria
Sul f at es Moderate sul fates: 0.10-0.20%in soils; 150-
1,500 ppmin water. Requires <8%trical ci um
alum nate (Type Il cenent).

High sulfates: >0.20%in soils; >1,500 ppmin
water. Requires <5%tricalciumalumnate (Type
V cenent).

Chl ori des Presence of chlorides can cause | ow soi
resistivity, <1,500 ohmcm The use of a
barrier coating is generally required if the
chloride levels are >200 ppm

pH pH 5 or greater: no additional protection; pH
<5 use barrier coating on concrete, coatings
and cat hodic protection on ferrous netals, or
nonnetal lic piping material .

Resistivity 0-1, 000 ohmcm Extrenely corrosive.

1, 000- 3,000 ohmcm Very corrosive.

3, 000-10, 000 ohmcm Mderately corrosive.

10, 000- 30, 000 ohmcm Slightly corrosive.

>30, 000 ohmcm Noncorrosive.

12.1.2 Subner ged Exposures. In a wastewater treatnent plant,
there is a considerable anmount of concrete and netal that is
partially or continuously subnmerged in wastewater. |In nost
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facilities, the wastewater has a nearly neutral pH (7.0). This
pH is not significantly aggressive to concrete surfaces.

However, nost ferrous netals (ductile iron and carbon steel) w |
be corroded in this water unless other nethods of corrosion
protection are enpl oyed.

12.1.2.1 Concrete Structures. Wen totally inmmersed in

wast ewat er, concrete structures are generally uneffected and
seldomrequire additional protection. However, wherever
wastewater is agitated (overflowing a weir; falling in a drop-box
or manhol e), hydrogen sulfide can be rel eased, which creates an
acidic environnent. This agitation is nore prevalent in the
primary clarifiers and other equi pment upstream of the primary
clarifiers (grit basins, headworks, influent sewer |ines).

In open structures, the release of hydrogen sulfide to
t he atnosphere will not always create a corrosion environment.
However, covers, overhanging structures, or other equi pnent that
can inpede the rel ease of the hydrogen sulfide to the atnosphere
can lead to corrosion of the concrete. This often occurs when
odor control systens are added, covering equi pnent that generates
the rel ease of hydrogen sulfide. Concrete surfaces in these
situations generally require sone formof protection against the
acidic environnent generated by the hydrogen sulfide.

12.1.2.2 WMetallic Structures. Metallic structures that are
subnerged 1n wastewater wll corrode unless they are of alloy
construction. Carbon steel, ductile iron, and cast iron wll
corrode in this environnent, which can be accelerated in aeration
basi ns, because of the higher oxygen content present. In nost
subner ged applications, protective coatings should be provided on
the exterior surfaces of carbon steel, ductile iron, and cast
iron. Equi prent made of these materials includes piping, sluice
gates, wall penetrations, and pipe thinbles.

Stainless steel alloys are preferred for inmersion
applications. |In nost applications, the 300-series stainless
steels are preferred.

12.1.3 At nospheric Exposure. The atnosphere around nost

wast ewater treatnment plants i1s considered to be rather corrosive
because of the presence of hydrogen sulfide and high humdity,
particularly in confined areas. Oten, if the hydrogen sulfide
can readily pass into the atnosphere, little corrosion occurs on
pl ant equi pnrent. However, if the release of hydrogen sulfide to
the atnosphere is prevented by equi pnment covers or other
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restraints, very aggressive environnments can exist, especially
just above the water line. [In these areas, consideration nust be
given to providing nore resistant materials of construction or
protecting the substrate with high performance coating systens.

Oten there are background | evels of hydrogen sulfide
present around a wastewater treatnment plant. These | ow
concentrations of hydrogen sulfide can be very corrosive to
various electrical and control systens because of the |arge
anount of copper contacts that exist in these systens. Speci al
consi deration should be given to these systens to avoid excessive
corrosion (see pars. 12.2.4 and 12.2.5).

12.2 Materials of Construction. During the design of a
wastewater treatnment plant, it is inportant to accurately define
the conditions of service throughout the process. In addition,
the flow of the wastewater through the plant should be exam ned
to identify areas where the wastewater will have the potential to
rel ease hydrogen sulfide. A prelimnary listing of acceptable
materials of construction should be devel oped, based on the
information presented in this section and the specific conditions
of the wastewater treatnent plant.

12. 2.1 Concrete Structures. Concrete structures have
general ly given good performance in nost wastewater environnents.
It is inportant, however, that Anerican Concrete Institute (ACl)
standards and practices be followed for placenent of concrete and
t hi ckness of cover over reinforcing steel. [If high sulfate
concentrations are determned to be present, either in the soils
or groundwater, specify the appropriate type of cenent. Refer to
Table 21 for the criteria for specifying the type of cenent. |If
hi gh chlorides are present, it will be necessary to specify a
barrier coating on the exposed concrete surfaces.

Wat er proof all underground structures against intrusion
of water or noisture through the walls. Waterproofing is
especially inportant if the structure will be coated on the
i nside surfaces. Hydrostatic pressure through a concrete wall
wi |l cause failure of coatings on the inside surfaces. 1In areas
of known or suspected exposure to hydrogen sul fide, the use of a
hi gh- perf ormance coating system shoul d be specified. See par.

12. 3.1 for details.

12.2.2 Bui | dings. Customary architectural designs of
bui | di ngs may be used for nost wastewater treatnment plant
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desi gns, provided that appropriate steps are taken to insure that
corrosion protection is provided. Concrete, concrete masonry
units, netal-sided buildings, and pre-cast concrete units are
acceptabl e for nost applications.

12.2.2.1 Structural Steel. Structural steel will require
protective coatings in all exposures. See par. 12.3.1 for
details about surface preparation and coating sel ection.
Preferably, conplete the surface preparation and application of
the prime coat in the fabrication shop before delivery to the job
site. Application of the finish coat can then be done in the
field.

12.2.2.2 Fasteners. Specifying the proper fasteners for various
exposures in a wastewater treatnment plant is very inportant. The
foll owi ng guidelines should be applied to selecting fasteners:

a) Subnerged service wll require Type 316 stainless
st eel adhesive or enbedded type concrete anchors and bolts.
Enbedded anchor bolts should be specified to be coated with
fusi on- bonded epoxy to prevent contact with reinforcing steel,

t hus reducing the likelihood of gal vanic corrosion.

b) In splash or wet areas, specify Type 316 stainl ess
steel for all fasteners.

c) For at nospheric (exterior) exposures, Type 304
stai nless steel is adequate.

d) For interior exposures, with high humdity or
hydrogen sul fide present, specify Type 304 stainless steel.

e) In dry, nonprocess exposures, nechanically
gal vani zed steel fasteners are acceptable (refer to ASTM B695,
Specification of Coatings of Zinc Mechanically Deposited on Iron
and Steel).

12.2.2.3 Fabricated Metalwork. Unless the wastewater contains
several hundred ppm of chloride ions, Type 304 stainless steel is
adequate for nost applications requiring stainless steel
construction. The use of |ow carbon (L-grade) steel is preferred
for fabrications that have a considerabl e anount of wel ding.

Al'l stainless steel fabrications nust be properly
cl eaned and passivated after fabrication. Al specifications for
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stainl ess steels should require cleaning and passivating in
accordance wth ASTM A380, Standard Practice for C eaning and
Descaling Stainless Steel Parts, Equi pnent, and Systens.

12.2.2.4 Handrails and Gating. Avoid painted, carbon steel
handrails and grating because of the high maintenance associ at ed
with these materials. The follow ng guidelines apply to these
itens:

a) Alum num handrails and gratings are acceptable in
nost areas of a wastewater treatnent plant. Stainless steel
fasteners and hol d-down clips should be used, follow ng the
criteria presented in par. 12.2.2.2. Handrails should be
fastened to floors or walls wth cast-alum num base pl ates.

Al um num conponents shoul d not be cast or enbedded in concrete
because the high alkalinity of the concrete will cause

accel erated corrosion of the alumnum \Were alumnumis in
contact with concrete surfaces, it should be coated with a

bi t um nous coating. Do not use alum numin any area where |ine,
i mestone, or sodi um hydroxide (caustic) is being handl ed or
st or ed.

b) Stainl ess steel handrails and gratings are al so
acceptabl e and are used nuch |i ke the al um num ones. However,
stainless steel in contact wwth concrete does not require
coating. Stainless steels may be used in line and caustic areas.

c) In chem cal handling areas (see par. 12.2.6) use
caution with applications of either alum numor stainless steel.
The use of fiberglass-reinforced plastic (FRP) is generally
preferred in these applications.

12.2.3 Mechani cal Itens. Conventional mechanical itenms may be
used with good performance in nost applications in a wastewater
treatnent plant. The exception would be in the chem cal handling
systens, described in par. 12.2.6, where nore corrosion resistant
materials are required.

12.2.3.1 Piping. Nearly every type of piping material has been
used with good success in WITPs. However, because of the
corrosive conditions that can exist, it is inportant that the
conditions of service be accurately determ ned when specifying
pipe materials. |In certain installations, it may be a

requi renent that doubl e-containnent of the piping be required.
This is especially true of chemcal transfer |lines when they are
buri ed.
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a) Ductile Iron Pipe. This type of pipe may be used
i n atnmospheric exposures but should be protected with an
appropriate coating system (par. 12.3.1). The process used to
produce ductile iron pipe (deLavaud process) creates an external
surface on the pipe that requires special skills to prepare the
surface for coating application. The producers of ductile iron
pi pe have these skills and should be used to prepare the surface
and prime ductile iron pipe that requires painting.

b) Copper Pipe. Only use copper pipe in areas where
hydrogen sulfide is not expected to exist. Copper and its alloys
are extrenely sensitive to exposure to hydrogen sul fide. Because
of the galvanic relationship between copper and ferrous piping,
copper pipe should be dielectrically insulated fromferrous
pi ping. Use dielectric unions or flanges.

c) Carbon Steel. Carbon steel nay be used in nobst
applications but requires protection against corrosion. In
underground service, it must be coated wth an appropriate system
(par. 12.3.1) for underground applications, which is supplenented
by the application of cathodic protection (par. 12.3.2). This
coating is not necessary if the piping is encased in concrete.

Cat hodically protected pipelines should be electrically isolated
fromall other structures with dielectric flanges or unions.
Aboveground and i nmersion applications require an appropriate
coating system (par. 12.3.1). Thermally insul ated pipe should be
cl eaned and prinmed before the insulation material is applied.
Using this procedure will mnimze the possibility of corrosion
under the insulation, which can exi st undetected.

d) Stainless Steel. Stainless steel is frequently
used in inmersion applications, such as for air piping in
aeration basins. Under nost environnents, Type 304 is adequate.
However, if the chloride levels in the wastewater are several
hundred ppm then Type 316 stainless steel should be specified.
Stainless steel pipe is appropriate for certain chem cal handling
systens (see par. 12.2.6).

e) Nonnetal Iic Piping. Piping such as PVC,
chl orinated pol yvinyl chloride (CPVC), and FRP may be used
successfully in many applications. Thernmal plastic naterials
(PVC, CPVC) have limted tenperature resistance and shoul d be
derated as service tenperatures increase above anbient. Thernal -
setting materials (FRP) have hi gher tenperature/pressure ratings.
Both materials have significant coefficients of thermal
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expansion. Therefore, it is critical that proper |ayout, support,
and restraint be considered to avoid failure.

f) Pi pe Hangers. For all piping systens, specify
pi pe hangers that provide maxi mum corrosion resistance with
l[ittle maintenance. Type 304 stainless steel is preferred in
nmost applications; however, FRP and pl astisol -coated carbon steel
may al so be used.

12.2.3.2 GGates and Wirs. Gates and weirs should be specified
to provide good performance in inmersion applications. Sluice
gates constructed of cast iron materials should be protected with
a proper coating system (par. 12.3.1). Bronze should be
specified for seats and wedges, with Type 304 or 316 stainless
steel for stens, washers, and nuts.

Specify slide gates, weir gates, and weirs as Type 304
stainless steel, alumnumor nonnetallic (FRP). Stainless steel
or nonnetallic material is recommended in applications where
i nspection and nmai ntenance may be limted. |If alumnumis used,
coat it on surfaces in direct contact with concrete (par. 12.3.1).
Coated steel is not recommended for weirs because of the
difficulty in applying and maintai ning paint on the sharp edges.

12. 2.4 El ectrical Equipnent. Electrical equipnment |ocated in
aggressi ve atnospheres within the wastewater treatnment plant
shoul d be provided with appropriate corrosion protection or
constructed of resistant material s.

12.2.4.1 Raceways. Raceways in atnospheric and interior
applications nay be alum num gal vani zed, PVC, or PVC-jacketed
steel. In wet (humd) process environnents, specify PVC or
PVC-j acketed steel. Hardware and accessories should be of
simlar materials. Munting hardware (netal fram ng support
systens) may be gal vani zed, alum num or PVC jacketed as
appropriate for the service conditions. Repair cut edges of

gal vani zed or PVC-jacketed materials with the appropriate repair
system Cable trays may be al um num or FRP, dependi ng on the
speci fic exposure.

12.2. 4.2 Sw tchgear and Motor Control Centers (MCCs). Instal

swi tchgears and MCCs 1 n electrical roons wth filtered,
conditioned air sources to mnimze exposure to noi sture and
hydrogen sulfide. Provide vapor phase inhibitor (VPl) devices in
cabi nets, both during the construction period and after operation.
The following naterials are suggested for these itens:
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Cabi net s Factory finished, usually
baked epoxy enanel

Buss bars Ti nned copper or al um num

Connecti ons Ti nned

12.2. 4.3 CQutdoor Enclosures and Lighting. Use Type 304 stainless
steel, alumnum or FRP for these pieces of equipnent. Interior
process areas with noisture and/or hydrogen sul fide should use
simlar material.

12.2.5 I nstrunents and Control Systens. Specify these systens
to withstand the environnent to which they are exposed.
Cenerally, the specific information listed under par. 12.2.4 w |
be applicable to instrunent and control equipnent. Direct
exposure to process fluids and chem cals, such as sensors,
requires alloys that will resist the exposure. For direct
contact with wastewater, Type 304 or 316 stainless steel is
preferred. For exposures to specific chem cals, the exposed

el ements should resist the chem cal exposure (see par. 12.2.6).

12.2.6 Chem cal Handling Systens. A nunber of chem cals may
be used in a wastewater treatnent plant. Many are very
aggressive to materials and should be carefully eval uated when
speci fyi ng storage tanks, piping, valves, and punps. Chem cal
storage facilities are usually required to be within a secondary
contai nment area that should al so be protected against the
specific chem cal exposure. Specific coating systens for

chem cal containnent areas are given in par. 12.3.1. Table 22
lists the preferred materials of construction for nost of the
chem cal s associated with wastewater treatment plants (the first
material listed is preferred). |If linings are required for

chem cal storage tanks or wastewater equi pnent, they should be
fabricated in accordance with National Association of Corrosion
Engi neers (NACE) Standard RP0178, Fabrication Details, Surface
Fi ni sh Requi renments, and Proper Design Considerations for Tanks
and Vessels to be Lined for | mersion Service.

12.2.6.1 Chlorine Gas. Normally, chlorine gas is handled in
carbon steel equipnent |eading to the vaporizer. Downstream of

t he vaporizer (low pressure), the preferred piping is
nonnetallic. Dry chloride (liquid or gaseous) is not corrosive
to carbon steel. However, once noisture is present in the gas,

it is very corrosive to all but the nost exotic metals, requiring
t he use of nonnetallics.
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12.2.6.2 Ferric Chloride. This material is acidic and is very
corrosive to many materials of construction. Beyond the chem ca
storage and contai nnent area, any surface exposed to ferric
chloride will be deteriorated. Concrete floors and the
reinforcing steel in the concrete will be rapidly attacked if
exposed to this chem cal

12.2.6.3 Hydrogen Peroxi de. Hydrogen peroxide is a very strong
oxi di zer and can be rather unstable under certain conditions.
Wil e not considered explosive, if rapid deconposition takes

pl ace, it can be rather violent, leading to rapid pressurization
of tanks and piping. |If not properly vented, this pressurization
can take on the characteristics of an explosion. Before placing
a tank into peroxide service, it should be cleaned and passivated
usi ng an oxidizing acid, such as nitric acid. Producers and
suppliers of hydrogen peroxide will performthis service.

12.2.6.4 Sodi um Hydr oxi de and Sodi um Hypochl orite. Sodi um
hydr oxi de and sodi um hypochlorite storage tanks require speci al

construction for FRP materials. |In both services, it is
recommended that the interior surfacing veil be a synthetic
material rather than glass fiber. 1In addition, it is recomended

that post-curing of the tank be performed using hot air, in
accordance with the resin manufacturer’s recomendati ons.

All FRP tanks should be fabricated in accordance with
ASTM D3299, Standard Specification for Filanment-Wund d ass-
Fi ber - Rei nforced Thernboset Resin Chem cal - Resi stant Tanks, or
ASTM D4097, Standard Specification for Contact-Mlded d ass-
Fi ber - Rei nforced Thernbset Resin Chem cal - Resi stant Tanks. These
are atnospheric storage tanks and should be properly vented to
avoi d any over pressurization.

12.2.6.5 Concentrated Sulfuric Acid. Systens nust be carefully
designed to wthstand the aggressive nature of this acid.

Al t hough bare carbon steel nmay be used in this service, it is
very sensitive to fluid velocities in piping systens and w ||
devel op a sulfate sludge in storage tanks that presents a probl em
to renove. For that reason, phenolic-lined steel tanks with
stainless steel piping are preferred.

Details for designing sulfuric acid may be found in
NACE Standard RP0391, WMaterials for the Handling and Storage of
Concentrated (90 to 100% Sulfuric Acid at Anbient Tenperatures.
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Tabl e 22
Materials of Construction - Chemcal Handling Facilities
Chemi cal Tanks Punps Pi pe Val ves
Al um FRP Nonnetal lic |PVC, CPVC, Nonnetal lic
FRP
Chl ori ne St eel N A Car bon steel [Carbon steel
cylinders to vapori zer
Ferric FRP, rubber- Nonnmetal li¢c |FRP, CPVC, Rubber |i ned,
Chl ori de | i ned steel or rubber PVC, rubber- |CPVC
i ned | i ned steel
Ferrous FRP Nonnmetal lic |PVC, CPVC, Nonmetal i c
Sul fate FRP
Hydr ogen Al um num Type 316 Al um num Type 316
Per oxi de Al | oy 5254, stai nl ess Type 316L st ai nl ess
Type 316L st eel , st ai nl ess steel, Teflon
st ai nl ess Tef | on st eel i ned
st eel
Met hanol Car bon st eel Cast st eel FRP, carbon |Carbon steel
st eel
Ozone N A N A Type 316 CF- 8M
st ai nl ess
st eel
Pol ymrer s FRP Nonnmetal lic |PVC, CPVC Nonmetal i c
Sodi um FRP Nonnetal | ic |[PVC, CPVC, Nonmetal i c
Bisulfite FRP or plastic
i ned
Sodi um FRP, speci al St ai nl ess CPVC, FRP, St ai nl ess
Hydr oxi de construction or carbon st ai nl ess st eel ,
st eel st eel nonnetal lic
Sodi um FRP, speci al Nonnetal lic |FRP, CPVC Nonmetal I'i c
Hypochl orite construction or plastic
i ned
Sul fur Car bon st eel N A Car bon steel [Carbon steel
Di oxi de
Concentrat ed Phenol i c CN-7M Type 304 CN-7M f or
(93% lined steel (Al oy 20) st ai nl ess, throttling,
Sul furic Acid 6 fps CF-8M f or
maxi mum shut - of f
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12. 3 Corrosion Control. In addition to the proper selection
of construction nmaterials for the various equi pnment and systens
associated wth a wastewater treatnent plant, there are other

met hods of controlling corrosion. Wth the exception of critical
service applications or extrenely corrosive environnents, carbon
steel and ductile iron are still the primary materials for nuch
of the equi pnent provided for a wastewater treatnent plant.

Wi | e carbon steel and ductile iron (ferrous nmaterials) do have
acceptabl e corrosion resistance in sonme environnents, they stil
require protection against the high noisture and the hydrogen
sulfide that is so prevalent. |If not for corrosion resistance,
then sone techniques are required just for aesthetic reasons.

The two nbst comon nethods to provide additional
protection against corrosion involve the use of protective
coatings and linings on ferrous surfaces. In inmersion or buried
applications, the protection provided by the coatings is usually
suppl enented by the application of cathodic protection.

12.3.1 Protective Coatings. Wth the exception of chem cal
storage contai nnent areas, the environnents found in a wastewater
treatment plant are not excessively aggressive to high-quality
coating systens.

I n most noni mersion, process environnents (both
interior and exterior), a coating system based on epoxy pri nmer
with a polyurethane finish coat is preferred. This conbination
provi des excel lent color and gl oss retention, good durability,
and m nimal maintenance. In interior, nonprocess areas, an alkyd
enanel systemw || provide good service. For inmersion service,
coal -tar epoxy or straight epoxy materials have been used for
many years.

12.3.1.1 Surface Preparation. Critical to | ong-term perfornance
of any coating systemis the surface preparation. |Industrial
standards prepared by the SSPC shoul d be specified and foll owed
for all coating applications. Table 23 lists the SSPC surface
preparation standards.

For imrersion applications, SSPC SP5 is required. For
nost process areas, SSPC SP10 is preferred. For |ess aggressive
environnents, SSPC SP6 is acceptable. Hand- and power-t ool
cl eani ng net hods should only be used for repair and touch-up.
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Tabl e 23

Steel Structures Painting Counci

Surface Preparation Standards

Desi gnati on

Title

Appl i cation

SSPC SP1
SSPC SP2

SSPC SP3

SSPC SP5

SSPC SP6

SSPC SP7

Sol vent Cl eani ng

Hand Tool C eaning
Power Tool Cl eaning
White Metal BI ast

Cl eani ng

Commer ci al Bl ast
Cl eani ng

Brush- O f Bl ast
Cl eani ng

To renove oil and grease
from surface

To renove | oose surface
contam nants wi th non- power
tool s

To renove | oose surface
contam nants with power
tool s

Opti mum surface preparation
required for inmersion
service

Renoves nost surface
contam nants; used for |ess
aggressi ve environnents
Renoves only | oose

contam nants; often used to
prepare concrete surfaces
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Tabl e 23 (Conti nued)

Steel Structures Painting Council Surface Preparation Standards
Desi gnati on Title Application
SSPC SP8 Pi ckl i ng Chem cal cl eani ng;
general ly used before hot
di p gal vani zi ng
SSPC SP10 Near - Whi t e Bl ast Better than SP6 but not as
Cl eani ng good as SP5
SSPC SP11 Power Tool C eaning Cenerally renoves all
to Bare Metal contam nants, but with
power tools
SSPC SP12 Hi gh-and U trahi gh- CGeneral clean-up; old
Pressure water concrete
Jetting

12.3.1.2 Coating Systens A nunber of coating systenms may be

sel ected, depending on the specifics of the exposure.

Tabl e 24

gi ves recommended systens, based on exposure conditions.

Tabl e 24
Suggested Protective Coating Systens (1)

Envi r onnent

Description

Subnerged or partially
subnerged netal s i n wastewater
At nospheric exposure in al
process areas; interior and
exterior

Exposed netal s in nonprocess,
interior areas

Buri ed steel

Epoxy prinmer with coal -tar
epoxy finish coats

Epoxy prinmer with pol yurethane
finish

Rust-inhibitive primer with

al kyd enanel finish

Pi pe enanel s, coal -tar epoxy or
pi peline tapes
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Tabl e 24 (Conti nued)
Suggested Protective Coating Systens (1)

Envi r onnent

Descri ption

Prep for any gal vani zed
surfaces that require painting

Touch-up of danaged gal vani zed
surfaces

Suitable for floor coatings in
sone areas; skid resistant

Chem cal resistant coating for
concrete or CMJ
Concrete or CMJ wall coating in

| ess aggressive environnments

PVC or FRP surfaces that my
require painting

For al um num or gal vani zed
surfaces in contact with
concrete, or between dissimlar
sur faces
For anchor bolts and steel
dowel s

Archi tect ural
nonpr ocess or
envi ronnent s

syst ens;
| ess aggressive

Met al
pri mer

condi tioner or wash
Organic zinc-rich priner
Epoxy w th aggregate added

Hi gh buil d epoxy applied over

surf acer

Hi gh buil d epoxy applied over
surfacer

Pol yur et hane for col or coding
or UV protection

Bi t um nous pai nt

Fusi on- bonded epoxy

Varies wth exposure and
substrate; generally |atex,
acrylic latex, or oil-based

(1) See M L- HDBK- 1110/ 1,

for Facilities,
described in this table.

12.3.1.3 Chenica
around chemni ca

Cont ai nnent .

t ot al
nmost exposures W ||

fl oodi ng of the containnent with the chem cal;
be short-term

Pai nts and Protective Coatings

for details about the specific coating systens

Ensure that contai nnent areas

storage areas are capable of w thstanding splash
and spills of the contained chem cal.

The ultinate exposure is
however,
Tabl e 25 gi ves recommended
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coating systens for the typical chem cals used in a wastewater

treatment plant.

Tabl e 25

Concrete Protection -

Chem cal Cont ai nnent

Chem cal Exposure Concrete Treat nment
Al um Rei nforced pol yester or
vi nyl ester
Chl ori ne None required; gaseous

Ferric chloride

Ferrous sul fate

Hydr ogen per oxi de

Met hanol

Ozone

Pol ymer s

Sodi um bisulfite

Sodi um hydr oxi de
Sodi um hypochl orite

Sul fur di oxi de

Sul furic acid

exposure

Rei nf or ced pol yester or
vi nyl ester

Rei nforced pol yester or
vi nyl ester

Rei nforced novol ac epoxy or
Vi nyl ester

Rei nforced novol ac epoxy or
Vi nyl ester

None required; gaseous
exposure

Non- ski d epoxy coati ng

Rei nf orced novol ac epoxy or
Vi nyl ester

Rei nf orced novol ac epoxy
Rei nf orced novol ac epoxy

None required; gaseous
exposure

Rei nforced novol ac epoxy or
acid brick
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12.3.2 Cat hodic Protection. To supplenent the nornal
deficiencies in coating systens, cathodic protection may be
provided to coated surfaces. Two basic systens nay be used:

1) gal vani ¢ anode cathodic protection and 2) inpressed current
cat hodic protection. Cathodic protection may be used to protect
interior surfaces of storage tanks, clarifiers, and other

metal lic equipnment, including rake nmechani sns. Buried pipelines
and tanks nay al so be protected on the soil side exposure with
cat hodi ¢ protection.

12.3.2.1 @l vanic Cathodic Protection Systens. This form of
cathodic protection utilizes the natural electrical potential
between two netals. Magnesium and zinc are the npbst conmon
metals used to cathodically protect steel. Providing a
sufficient anount of magnesi um anodes, connected to a steel

pi peline, will provide cathodic protection of that pipeline for
many years.

Most gal vani ¢ anode cat hodi c protection systens for
buried pipelines are installed with the foll ow ng provisions:

a) Anodes buried wth the pipeline

b) Test stations, containing wires fromthe anodes
and pi peline, brought to the ground surface

c) Dielectric insulation between cathodically
protected pipelines and ot her structures

The output fromthe anodes and the electrical potential
of the pipeline should be neasured on an annual basis by
certified corrosion specialists or cathodic protection
specialists (persons may be certified by NACE International,

Houst on, Texas). The effectiveness of the cathodic protection
systens also requires the protected pipelines remain electrically
i solated from other plant structures.

12.3.2.2 Inpressed Current Cathodic Protection Systens. |nstead
of using the natural electrical potential difference between two
nmetal s, cathodic protection can be provided by converting
alternating current (AC) to direct current (DC) with a rectifier
unit. By forcing the DC to an anode material, the cathodic
protection will be provided. |Inpressed current anode systens
will be nore conplicated than a gal vanic anode system Typica
conponents for a buried pipeline may i ncl ude:
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a) An AC source of power with rel ated breakers,
swi tches, and wiring

b) A rectifier unit, to convert the ACto DC

c) Negative cables fromthe rectifier to the buried
pi peline

d) Positive cables fromthe rectifier to the buried
anodes. The anodes are often graphite or cast iron

e) Test stations containing wires fromthe buried
pi peline

f) | nsul ated connections to isolate cathodically
protected pipeline fromother structures

Annual checks of the inpressed current cathodic
protection systens should be perfornmed by certified personnel.

12.3.2.3 Design. Design cathodic protection systens in
accordance wth standards devel oped by NACE I nternational.
The foll owm ng standards shoul d be consul ted:

a) RP0169, Control of External Corrosion and
Under ground or Subnerged Metallic Piping Systens

b) RPO572, Design, Installation, Operation, and
Mai nt enance of | npressed Current Deep G oundbeds

c) RP0180, Cathodic Protection of Pul p and Paper MI|I

Effluent Clarifiers (although the title specifies pulp and paper
mlls, this standard is applicable to wastewater treatnent plant
clarifiers)

d) RP0286, The El ectrical Isolation of Cathodically
Prot ect ed Pi pelines

e) RP0388, | npressed Current Cathodic Protection of
| nternal Submerged Surfaces of Steel Water Storage Tanks

f) RP0296, Gal vani ¢ Anode Cat hodic Protection of
| nternal Submerged Surfaces of Steel Water Storage Tanks
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Performthe design, installation, and initialization of
any cathodic protection systemunder the direction of certified
personnel . Additional information regarding cathodic protection
may be found in AFl 32-1054.
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Permtting MOP 8, Chapter 1 Section 2
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Federal Facilities Section 2
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Wast ewat er Sour ces MOP 8, Chapter 2 Section 3
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Sour ce
Fl ow ate Variation by MOP 8, Chapter 2 Section 3
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Wast ewat er MOP 8, Chapter 2 Section 3
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Al'i gnment
Consi der ati ons
Infiltration/lnfl ow
Eval uati on
Sewer System
Rehabilitation
Pi er and Wharf Systens
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CGeneral Considerations
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MOP 8, Chapter 5

MOP FD-5, Chapters
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MOP FD-4, Chapters

1-3

MOP FD-4, Chapter 4
MOP FD-4, Chapter 4
MOP FD-4, Chapter 7
MOP FD-4, Chapters

3, 4

MOP FD-4, Chapters

3, 4

MOP 8, Chapter 10

Section 4
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Section
Section
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SSPC SP2 Hand Tool d eaning

SSPC SP3 Power Tool C eaning

SSPC SP5 VWiite Metal Bl ast O eaning
SSPC SP6 Commerci al Bl ast C eaning
SSPC SP7 Brush-Of Bl ast C eani ng
SSPC SP8 Pi ckl i ng

SSPC SP10 Near -White Bl ast C eaning
SSPC SP11 Power Tool to Bare Metal
SSPC SP12 Hi gh- and U trahi gh-Pressure

Water Jetting

(Avail able from SSPC, 40 24th Street, 6th Floor, Pittsburgh, PA
15222- 4643.)
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or Acronym

A E
AC
ACI
AFFF
AGE
API
ASAE
ASCE
ASI P
ASR
ASTM
AVWNA
BCD
BODs
BTEX
cal/sq md
CBCD
CE
CFR
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GLOSSARY

Definition
architectural engineering
alternating current
American Concrete Institute
aqueous filmform ng foam
aircraft ground equi pnent
Anerican PetroleumlInstitute
American Society of Agricultural Engi neers
Anerican Society of Gvil Engineers
Arny Stationing and Installation Plan
aqui fer storage recovery
American Society for Testing and Materials
American Water Wbrks Associ ation
bi ochem cal oxygen demand
5-day bi ochem cal oxygen demand
benzene, toluene, ethyl benzene, and xyl ene
cal ories per square neter per day
car bonaceous bi ochem cal oxygen denmand
G vil Engineering
Code of Federal Regul ations

Col | ecti on- Hol di ng- Tr ansf er
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CCE

CPI

CPVC

cu ft/day
cu md

cu md/sq m
CVWA

DC

DO

DoD

DPDO

EPA

FGS

FOTW

f ps

FRP

gpcd

gpd
gpd/in.-m
gpd/sq ft

gpm
HDPE
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Chem cal Manufacturing Association
U.S. Arny Corps of ENngineers
corrugated plate interceptor

chl orinated pol yvinyl chl ori de
cubic feet per day

cubi c neters per day

cubic neters per day per square neter

Cl ean Water Act

di rect current

di ssol ved oxygen

Depart nent of Defense

Def ense Property Disposal Ofice
U.S. Environnental Protection Agen
Fi nal Governi ng Standards
federally owned treat ment works
feet per second
fiberglass-reinforced plastic
gal l ons per capita per day
gal | ons per day

gal | ons per day per inch dianeter
gal | ons per day per square foot
gal l ons per mnute

hi gh density pol yet hyl ene
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hp

hp/ MG
HVAC

/1

kg/d

kg/ day/ ha
kPa

L

L/s

I b/d

Lpcd

Lpd
Lpd/ mm km

Lpd/sg m
m

nms

MCC

ng/ L

nmgd

M

M LCON

M./ d
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hor sepower

hor sepower

heating, ventilating and air conditioning

per mllion gallons

infiltration and i nfl ow

kil ograns per day

kil ograns per day per hectare

ki | oPascal s

liters

liters per
pounds per
liters per
liters per

liters per
kil onet er

liters per
nmet er

meters per

second

day

capita per day
day

day per mllineter dianeter

day per square neter

second

nmot or control center

mlligrams per liter

mllion gallons per day

mechani ca

integrity

Mlitary Construction

mlliliter

mllion liters per day
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mm mllinmeter

MOP Manual of Practice

VSDS materi al safety data sheet

N A not applicable

NACE Nat i onal Associ ation of Corrosion Engineers

NAF nonappropri ated funds

NCEL Naval C vil Engineering Laboratory

NFPA National Fire Protection Association

NPDES Nat i onal Pol | utant Di scharge Elim nation
System

oA\ operati ons and mai nt enance

O ozone

OSHA Cccupational Safety and Heal th Act

OG5 oi | / wat er separat or

PTFE pol ytetrafl uorot hyl ene

PQOLs petroleum oil, and lubricants

POTW publicly owned treatnent works

PPI paral l el plate interceptor

psig pounds per square inch gage pressure

PVC pol yvi nyl chl ori de

RAMP Requi renents and Managenent Pl an

RAS return activated sl udge

RCRA Resource Conservation and Recovery Act

RPM Real Property Maintenance
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SAR

SCBA
S
SS
SSPC
SWWU
SWOB
TMDL
TSS
uc

VPI

VSS

WAS

WM'P
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sodi um exchange capacity/sodi um absorption
ratio
sel f-cont ai ned breat hi ng appar at us
i nternational system
suspended solids
Steel Structures Painting Counci
solid waste managenent unit
ship waste of fl oad barge
total maxi mumdaily | oad
total suspended solids
Under ground I njection Control Rules
ul traviol et
vapor phase i nhibitor
vol ati |l e suspended solids
wast e activated sl udge
Wat er Environnent Federation

wast ewat er treatnent plant
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