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ABSTRACT

Thi s handbook augnents the series of O&M field study training
manual s prepared by California State University, Sacranento, and
the California Water Pol lution Control Association for the United
States Environnental Protection Agency (EPA). This series,
commonly known as the "Sacranento" series, has been adopted for
use by the mlitary. It addresses nost topics pertinent to

wast ewater treatnment O&M  However, sone topics inportant to
mlitary facilities are not sufficiently covered in the Sacranento
series or require particular enphasis. This handbook addresses

t hose topics and includes the follow ng: regulatory conpliance
and nonitoring; septic tanks; grease traps; oil/water separators;
sept age managenent; extrene clinmate operation; corrosion control
and chem cal shipping and feeding.
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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 operations and mai ntenance of wastewater treatnment systens.
Commerci al equi pnment and materials nmentioned in this handbook are
included for illustration purposes and do not constitute an

endor senent .

Beneficial coments (recommendations, additions, deletions) and
any pertinent data which nmay be of use in inproving this docunent
or the Sacranmento Series should be submtted on the DD Form 1426,
St andar di zati on Docunent | nprovenent Proposal, and addressed

t hrough maj or commands t o:

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

Arny: U'S. Arny Center for Public Wrks, ATTN. CECPW ES,
7701 Tel egraph Rd., Al exandria, VA 22315-3862

Navy: LANTNAVFACENGCOM Code 161B, 1510 Gl bert St.
Nor f ol k, VA 23511-2699

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

MIlitary-adopted commerci al wastewater treatnent system O&M
gui dance (fromthe Sacranmento series of field study training
manual s) :
Operation of Wastewater Treatnent Plants, Volune 1
Operation of Wastewater Treatnent Plants, Vol une 2
Oper ati on and Mai ntenance of Wastewater Coll ection
Systens, Volune 1
Oper ati on and Mai ntenance of Wastewater Coll ection
Systens, Vol une 2
I ndustrial Waste Treatnent, Volune 1
I ndustrial Waste Treatnent, Vol une 2
Advanced WAaste Treat nent
Treatment of Metal Wastestreans

Al t hough not adopted by the mlitary as a comrerci al O8M gui dance
docunent, the final manual in the Sacranmento series, Pretreatnent
Facility Inspection, nay be val uable to environnental offices
responsi bl e for environnental conpliance.
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Section 1: | NTRODUCTI ON

1.1 Scope of This Handbook. This handbook provides
techni cal gui dance for operations and nai ntenance (O&\ of
wast ewat er treatnment systens. It supplenents site-specific O%M

manual s and a mlitary-approved set of comrercial O8&M gui dance
docunents. Those docunents, commonly known as the “Sacranento”
series of &M field study training manual s, have been adopted by
the mlitary for use in wastewater treatnment facilities at
mlitary installations.

1.1.1 Primary O&M CGui dance Docunent. The Sacranmento series is
the primary technical guidance source for O%M of wastewat er
treatment systens. The Sacranmento series is a set of nine vol unes
prepared by the California State University, Sacranmento, in
cooperation with the California Water Pollution Control
Association, for the United States Environnental Protection Agency
(EPA). The series includes the foll ow ng publications:

a) Operation of Wastewater Treatnent Plants, Volune 1

b) Operation of Wastewater Treatnent Plants, Vol une 2

c) Oper ati on and Mai ntenance of Wastewater Coll ection
Systens, Volune 1

d) Oper ati on and Mai ntenance of Wastewater Coll ection
Systens, Vol une 2

e) I ndustrial Waste Treatnent, Volune 1

f) | ndustrial Waste Treatnent, Volunme 2

g) Advanced WAste Treat nent

h) Treatment of Metal Wastestreans

i) Pretreatnment Facility Inspection

The final volume in this series, Pretreatnent Facility
| nspecti on, has not been adopted by the mlitary as an O&M
gui dance docunent. However, it may prove a val uable resource for
environmental office personnel responsible for environnental
conpliance. Qperations personnel at each installation are advised
to obtain those volunes pertinent to their wastewater treatnent
system Most installations will not require all the vol unes.

1
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M L- HDBK- 353, Pl anni ng and Comm ssi oni ng WAst ewat er
Treatnment Plants, provides additional information useful to
operators planning or in the process of constructing new or
upgr aded wast ewat er treatnent systens.

1.1.2 Augnent i ng Handbook. Thi s handbook provides technical
gui dance on topics that are not covered in the Sacranmento series
or that deserve special enphasis. Both the Sacranento series and
t hi s handbook apply to all personnel responsible for operating and
mai nt ai ni ng fi xed-base wastewater treatnent systens, including
deci sion makers, md-|evel managers, and operators.

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

i ntended use of this handbook by first |ooking at the table of
contents.

To aid the reader in |ocating other topics concerning
wast ewat er treatnent systens, a list of chapter titles for each of
t he Sacranmento series manual s has been included as Appendi x A
Appendi x B provides a cross reference for readers, |isting each
topic along with the section location in this handbook and
correspondi ng chapter in the Sacranento Series vol unes that
contain the referenced information.

1.3 Cancel l ation. This handbook supersedes TM 5-655, MO
212, and AFM 91-32, QOperation and Mi ntenance of Donestic and
| ndustrial Wastewater Systens.
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Section 2: REGULATORY COVPLI ANCE AND MONI TORI NG

2.1 Federally Owed Treatnent Wrks (FOTW). GCenerally,
FOTW are operated and adm ni stered under the same permtting and
operational provisions set forth for publicly owned treatnent
works (POTWs). That is, these facilities usually conmply 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 EPA

Operations and managenent staff at FOIW are expected to
understand and conply with these requirenents and to keep the
installation's environnental office informed of any probl ens that
may affect conpliance. A review of the general requirements for
permtting, nonitoring, and reporting appears below in par. 2.2.
Qperator training and certification needs are covered in par. 2.3.
Trends that affect plant operations are discussed in par. 2.4,

i ncluding a description of water quality-based effluent limts,
wast ewat er reuse, the Part 503 sludge regul ati ons and benefi ci al
reuse of sludge, and operations certification prograns.

2.1.1 FOTW Provi sions. One area in which FOTW are

adm nistered differently from POTW is the pretreatnent program
requirenents and a limted provision to exclude POTW hazar dous
waste from sonme regul ati on under the Resource Conservation and
Recovery Act (RCRA). These differences are discussed in the
fol |l owm ng subparagraphs.

2.1.1.1 Hazar dous Waste Exclusion Requirenents. It is unlawful
to introduce into an FOTWany pollutant that is a hazardous waste.
POTW are excluded fromthis hazardous waste restriction because
of special provisions for POTW in the RCRA regul ations. POTW
must conply with pretreatnent prograns to ensure that comrerci al
and industrial contributors to the collection system do not
deposit excess hazardous or toxic nmaterial s/waste into the sewer
system Such pretreatnent program standards are not required for
FOTW, although mlitary FOTW have generally followed them

2.1.1.2 Special Provisions. A mlitary wastewater treatnent
wor ks qualifies for FOTWstatus and the potential for exclusion
under RCRA Section 3023, 42 USC Section 6939e, if the treatnent
works is owned or operated by the DoD, if the magjority of the
influent received at the treatnment works is donmestic wastewater
and if the effluent of the treatnent works is discharged to a
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surface water under a National Pollutant D scharge Elim nation
System (NPDES) permt. There are additional hazardous waste
quantity and pretreatnent requirenents for dischargers to FOTW.
The rel ati onship between mlitary FOTW and each activity or
facility that discharges industrial process waste or other non-
donesti c wastewat er should be controlled by |ocal installation
policies and instructions. Operating personnel should contact the
installation’s environnental office if they find hazardous waste
or if a shop or other activity requests perm ssion to discharge a
hazardous waste in the collection system

2.2 Permtting Requirenents. Permts are issued for the
construction or nodification of FOTWs, discharge of treated

ef fluent, discharge of stormmater runoff, and solids nmanagenent
practices. These permts can be issued by Federal (EPA), state,
or local governnments. Sonetimes all three |evels of governnent
I ssue separate permts. Mre often, the FOTWoperating permts
are conbined. This discussion focuses primarily on Federal
permts.

Pl ant operations staff should coordinate with the
environnental office in the permtting process. GCeneral
permtting requirenents are discussed in the subparagraphs bel ow
to alert operations staff to areas where they may assist the
envi ronnental office.

2.2.1 FOTWPermts. The Code of Federal Regul ations

Section 40 (40 CFR) Part 122 describes the NPDES permtting
program used by the Federal Governnent to control pollution in the
environnent. The NPDES permt program has separate regul ations
found in 40 CFR Parts 125, 129, 133, 136, 400 through 460, and
503. Nothing in the Federal rules precludes individual states
from having nore stringent requirenents. The NPDES programis
managed by EPA, but many states have received authorization to
issue permts and adm ni ster the programon a day-to-day basis.
In these states, a single permt is issued fromthe state and
Federal governnments. FOTWoperators need to know if their state
has been del egated the operation of the NPDES program

Responsibility for the NPDES permt cannot be del egated
bel ow the state | evel, so |local governnments may have separate
requi renents. FOITWoperators should check with their
installation's environnental office to determ ne what | ocal
requi renents may al so pertain. Local governnments are often
involved with emergency reporting requirenments in permts.

4
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2.2.1.1 Qperating NPDES Permt. An NPDES operating permt is
requi red before an FOTWcan di scharge any process water into
surface waters of the state. A valid NPDES permit will identify
t he owner, describe the process, describe the discharge | ocation
and frequency, and contain specific and general conditions.

Sonme states al so have their own discharge permtting
program This programrequires the permttee to obtain a state
di scharge permt in addition to the NPDES di scharge permt. The
NPDES perm t program can be adm ni stered either by the regional
EPA office or by the states that have obtained authorization with
EPA oversight. Those states that have obtained the NPDES program
are said to have “NPDES primacy.” Typically, states with NPDES
primacy incorporate any unique state requirenments into the NPDES
permt.

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 place the nodified facility in operation until a
valid operating permt is obtained. Oher states [imt al
construction activities until the changes or nodifications are
approved. Your environnental office should review any change or
nmodi fication to the process with the permtting agency before
i npl enentation to determne if a permt nodification is required.
Operations staff should be aware of both state and EPA surface
wat er di scharge requirenents. Contact your installation’s
environmental office for this information.

2.2.1.2 Permts for Oher D sposal Options. Treated effl uent
that is entirely disposed into the groundwater or onto | and
application sites does not need an NPDES permt fromEPA to

di scharge, but it may be subject to NPDES permts for stormater
or solids. (In addition to treated wastewater, NPDES permts can
al so address stormnater and solids.) The state may al so establish
groundwat er nonitoring or discharge requirenents. For exanple,

di sposal of treated effluent to the subsurface will require an
Underground I njection Control (UC) permt fromthe state as
required by the Safe Drinking Water Act (SDWA).

2.2.1.3 Stormnvat er NPDES Permt. FOIW that treat nore than

1 mllion gallons per day (ngd) are included in the stormater
NPDES perm tting programas a categorical industrial facility.

Al t hough stormmater could be included in the operating permt
descri bed above, nost facilities obtain a general stormwater NPDES
permt. This permt is maintained separately fromthe operating
permt. Its requirenents typically involve devel oping a

5
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stormvat er pollution prevention plan, visually nonitoring runoff
on a quarterly basis, routinely inspecting the stormwvater system
and mai ntaining records onsite. Your environnental office should
contact the NPDES authority to obtain the necessary stormater
permt information. EPA del egates operation of the stormater
programto the | ocal governnent as much as possible. The |ocal
stormnat er program may be separate fromthe wastewater program and
may require special reporting or applications.

2.2.1. 4 Solids NPDES Permt. FOITWresidual solids nanagenent
has recei ved special attention under the Federal program (40 CFR
Part 503). Solids managenment will typically be addressed as part
of the FOTWoperating permt. However, if there is no surface

di scharge and, consequently, no discharge permt, an NPDES perm:t
for the solids may still be required. Par. 2.4.3 covers Part 503
sl udge regul ati ons.

2.2.2 NPDES Conpliance. Failing to conply with the NPDES
permt may result in fines and other penalties. In sone cases, it
may even result in crimnal prosecution. The specific and general
conditions in the permt are the conpliance provisions.

Monitoring reports and energency conditions bear special note.
Since the NPDES programrelies on self-reporting for

i npl ement ati on, EPA pl aces special enphasis on tinely and conpl ete
reporting. Enforcenent actions are often swift and severe for
being late with the nonthly operating reports or for failing to
report violations. Enmergency failures or spills typically require
notice within 24 hours to the agenci es.

Exceedance of water quality Ilimts wll also draw
regul atory attention and possi ble enforcenent action. Sone
paraneters, |ike residual chlorine, cannot always be nonitored at
the low permt limt levels. The FOTWoperator needs to be sure
t hat readi ngs bel ow detection limts are properly reported on the
mont hly operating reports. Conpliance exceedances because of
process failures or overloading need to be corrected in a tinely
manner. Sonetinmes the permtting agency will enter into a
conpliance inplenentation schedule to allow the treatnent facility
time to conme into conpliance. However, proactive planning prior
to the permt renewal application can reduce the |ikelihood of
enf orcenment acti ons.

2.2.3 Permt Renewal. NPDES permts are valid for 5 years but
may be nodified at earlier intervals by regulators. Permt
renewal applications need to be submtted 180 days (about

6 nmonths) before the expiration date. Ildeally, preparation for

6
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t he application begins approximately 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.
Your installation’s environnmental office may ask you to assist in
eval uati ng performance needs by assisting with devel opnent or
review of a Capacity Analysis Report and an Operation and

Mai nt enance Report, as described below. These reports are
typically conducted by |icensed engineering staff with operations
staff input. Each of these reports may take a couple of nonths to
devel op and may |l ead to additional work, so a l-year lead tine is
not excessive.

If the permt renewal is due and the assessnents are not

conplete, the FOTWstill needs to apply 180 days before the
deadline. Failure to apply in a tinmely manner is a permt
violation. |[If you have objections to your existing or proposed

permt you nmust file themduring the official comment period.

Even if your changes are not adopted, you are on record with the
objections, nmaking it easier to negotiate changes at a | ater date.
Changes to the permit can be applied for at any tinme during the
permt duration. There may be an additional fee for each permt
nodi fication application. Conbining requests for changes with the
permt renewal application is often convenient. |[If the existing
permt is being violated regularly, the FOTWmy need to conduct
the foll om ng assessnents and act before permt expiration.

2.2.3.1 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 preceding 5 years need
to be analyzed. The carbonaceous bi ochem cal oxygen demand ( CBOD)
and total suspended solids (TSS) |oading (in pounds per day) also
need to be verified. Population, flow, and |oad projections are
then made to estimate what future |oads wll be, based on
historical growmh trends. The capacity of each unit process needs
to be determ ned. Note that these capacity assessnents nay

al ready have been done for past renewals. However, the capacity
rati ng of each process needs to be checked agai nst the | atest

| oadings and flow. Reliability and backup provisions nust al so be
adequat e.

Finally, an assessnent of the future 5-year flow and
| oads needs to be conducted. New m ssion and realignnent
deci sions nust be incorporated and future projections considered.
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If the plant is undersized, then an expansion needs to be
initiated and a Prelimnary Engineering Report for inprovenents
devel oped. Higher discharge rates will also precipitate
additional permt application requirenents to address

ant i degradati on issues.

2.2.3.2 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 possible
solution. Sone water quality exceedances may be a result of
operation practices and need to be reviewed. The condition of the
facilities is evaluated, such as the need for painting and other
routi ne mai ntenance. Sone needs may require changes to the
process or construction approval. Permt renewal is a good tinme
to include najor changes. However, not every nai ntenance item
needs to be reported to the agencies. Confirmation fromthe
agency on which itens need permtting is recommended after the
Oper ati on and Mai ntenance Report is conpleted.

2.2.3.3 Prelimnary Engineering/Feasibility Report. Use this
report only if changes to the FOTWare required. This is a
prelimnary design study that wll outline what changes are
required to attain or maintain conpliance. Typically, this report
will contain a sunmary of the future flows and | oads to be treated
(fromthe Capacity Analysis Report), a review of any alternative
eval uations used to select the appropriate treatnent technol ogies,
and a conceptual -1 evel design for upgraded facilities. A

pr of essi onal engi neer sizes and plans for appropriate process
changes. The Prelim nary Engi neering Report is submtted as part
of the permt application renewal. Sone states may require final
construction drawi ngs and specifications before approving the
changes, while others may issue a construction permt based solely
on the Prelimnary Engi neering Report.

2.2.3.4 Permt Application Forns. The environnental office
shoul d contact the permtting agencies to obtain the |latest forns
required for permt renewal or changes. The NPDES permt
application forms will vary dependi ng upon the primary agency (EPA
or state) and the characteristics of the discharge. NPDES
applications usually consist of a Form 1, containing general owner
i nformati on, and Form 2A, containing a substantial anount of FOTW
information. These fornms require historical plant operation data
and nmuch of the same information required for the Capacity

Anal ysi s and Operations and Mii ntenance Reports. There is no fee
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required fromthe Federal Governnent, but state and | ocal agencies
may assess fees to process applications.

2.3 Operator Certification

2.3.1 Definition. Operator certification is a process in

whi ch an individual is awarded a certificate fromthe state water
quality regul atory agency for neeting specific criteria associ ated
with the operation of wastewater treatnent plants (WMPs). Most
states require that the responsi ble WMP operat or possess a
current state operator certification for the plant to neet the
state’'s standard permt requirenments. This certification process
varies fromstate to state. Mst states have different |evels of
certification that depend upon plant conplexity and size or

i ndi vi dual expertise. Certification requirenents are usually
contained in the permt and/or in state regul ations.

2.3.2 Benefits of Cbtaining Certification. Professional WMP
operators should attenpt to learn all that they can about their
profession. By being certified, operators denonstrate a specific
| evel of proficiency in their selected field. An operator may be
able to apply for wastewater treatnent positions in other states
that have reciprocity with the state issuing an operator’s first
certificate. As a nenber of the professional wastewater operator
organi zation, a certified operator denonstrates his or her
commtnent to the profession.

2.3.3 FOTW Requi renments. Many states require that the chief
operator be certified to conplete the reports that are necessary
to conmply with state and Federal water pollution control |aws and
regul ations. Sone facilities are required to have a certified
operator on shift work when the chief operator is off shift. 1In
sone | ocations, all operators may require certification for the
operation of a treatnment plant. The EPA has suggested that it
woul d i ke to have all plants operated by qualified personnel;
certification is a nethod of denonstrating an operator's |evel of
qualification. Failure to have the correct nunber and | evel of
certified operators can be considered a serious conpliance

vi ol ati on.

2.3.4 Attaining Certification. Each state regulatory agency
has a programfor achieving its certification. It is suggested
that operators contact the state agencies to obtain specific

i nformati on about requirenents and reciprocity progranms. Although
reciprocity exists between many states, certifications should not
be considered to be transferable. The Association of Boards of
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Certification (ABC) can help with these issues. See Appendix C
for contact information.

2.3.5 Training for Certification. There are various nethods
of obtaining training for certification. State regulatory
agencies or ABC can help. The California State University,
Sacranent o, has correspondence courses avail able that provide the
basics for nost state exam nations and certification processes.
(The Sacranmento series of O&M manual s has been adopted by the
mlitary as the general reference source for plant operations
personnel.) See Appendix C for contact information.

The Water Environnent Federation (WEF) is also an
excel l ent source for training materials. WEF has wast ewat er
courses both in printed and conputer CD-ROM formats. See Appendi x
C for contact information.

State and regi onal professional associations in the
wastewater treatnent field can also help operators find | oca
classroomtype training. WEF can provi de val uabl e assi stance in
| ocating these organi zati ons.

2.4 Current Trends in the Wastewater |ndustry That Affect

Pl ant Operations. The regul atory agencies (state and/ or EPA)
responsi bl e for the issuance of discharge permts are inplenenting
nor e conprehensive prograns to ensure protection of the water
quality standards of the state’s streans. A conprehensive
stormnvater permitting programis nowin place in all states. This
programrequires industries and nmunicipalities to permt
stormnvater outfalls and to i nplenent best managenent practices
(BMPs) that will reduce the inpact of stormwater runoff on the
receiving stream In addition, the regul atory agencies are

i npl enenting basinwi de permtting prograns designed to bring
streans that have been identified as not currently neeting water
quality standards into conpliance. This program eval uates al
sources of contam nation (point and non-point sources); through

t he devel opnment of total maximumdaily | oads (TMDL) for the
wat er shed, the program al |l ocates all owabl e di scharge I evels from
all sources within the drainage basin. This could nean that nore
restrictive effluent limts will be placed in discharge permts.
The use of TMDL in the permtting process wll be preval ent when
permts are renewed.

2.4.1 Water Quality-Based Effluent Limts. Effluent limts
contained in the NPDES permt are devel oped by the permt witer
and are based on state water quality standards for the receiving
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stream These effluent limts are called water quality-based
effluent limts. Each streamin the state is classified in the
water quality standards according to its existing or potenti al
uses. Specific and general standards apply to each
classification. These standards are then used in the devel opnent
of the effluent Iimts 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 have the potential to violate the water quality
standards. For these conpounds, permt limts will be identified
wher ever possi bl e.

2.4.1.1 Waste Load Allocation. Mst NPDES permts include
limts on oxygen demandi ng substances (such as CBOD and ammoni a).
Devel opment of these |limts is typically based on a waste | oad
all ocation for the receiving stream Streamnodeling is used to
assess the assimlative capacity of the stream based on the
appl i cabl e di ssol ved oxygen standard. This capacity is then

al l ocated anong all the dischargers in the area. GCenerally, sone
portion of the streamis capacity is reserved for future

di schargers.

Waste | oad al location nodeling typically consists of a
desk-top effort for small discharges and a calibrated and verified
nodel based on field nmeasurenents for |arger discharges. Mdeling
can be perforned by the discharger or by the state agency.

Regardl ess of who perforns the nodeling, the results receive a
detailed review by both the state and the EPA. Typically, these
results are put out for public comment. |In many cases, the public
comment period is concurrent wwth the public notice for the NPDES
permt.

2.4.1.2 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 in the
devel opment of effluent limts, and in many cases an al |l owance for
dilution in the receiving streamis provided. Typically, sone
portion of the 7QL0 lowflow for the receiving streamis used for
dilution purposes. (7QL0 is a hydrogeol ogi cal determ nation of
the | owest average flow over 7 consecutive days with an average
recurrence frequency of once in 10 years.) Background
concentrations in the receiving stream nust al so be considered in
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the dilution calculations. Were the 7Q10 lowflow is zero, the
criteria wll apply at the point of discharge, prior to any
di I ution.

2.4.1.3 Aquatic Life Criteria. For aquatic life criteria, acute
or chronic values apply. The application of acute versus chronic
criteria is dependent 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
then the acute criteria apply.)

2.4.1. 4 Ceneral Narrative Criteria. An exanple of a general
narrative criteria foll ows:

Toxi ¢ substances should not be present in receiving waters, after
m xing, in such quantities as to be toxic to human, ani mal, plant
or aquatic life or to interfere with the normal propagation,
grow h 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 growth
and reproduction in addition to lethality and is typically
conducted over a 7-day period. Wole-effluent toxicity tests use
standardi zed surrogate freshwater or marine plants, invertebrates,
and vertebrates. The test is run at the sane dilution as is
all owed for the wastewater in the receiving stream Failure to
meet the criteria results in the need to conduct a toxicity
reduction evaluati on on the discharge.

2.4.1.5 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 in

t he devel opnent of the effluent limts is open to negotiation.
These i ssues shoul d be addressed during the permt renewal
process.

2.4.2 WAst ewat er Reuse. Several states and communities are
pronoting the reuse of wastewater as a beneficial way of reducing
bot h dri nking water demands and wast ewat er di scharge to the
environnent. The nobst conmon reuse projects involve |arge uses of
water for irrigation purposes (e.g., golf courses). Oher uses of
water may include residential irrigation, fire protection,
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| andscape features (ponds or fountains), and industrial supply.
Cenerally, a project is only considered a reuse project if the
recl ai med effluent replaces drinking water demand.

G oundwat er di scharge is sonetines referred to as
"groundwat er recharge” and may be considered reuse if it is used
to replenish the drinking water supply. However, contam nation of
the drinking water supply is a concern, and the discharge may have
as many disincentives as incentives. Mst |and application
projects that rely on groundwater infiltration for effluent
di sposal woul d be consi dered di sposal projects, not reuse
projects. Any disposal to natural surface waters will be
consi dered an NPDES di scharge and will be subject to al
appl i cabl e rul es.

2.4.2.1 Reuse Feasibility Study. An engineering study is
required to determ ne the actual water usage for a given reuse
project. For exanple, an irrigator will not need water in wet
periods or winter. The FOTWmay therefore need to di spose of al

of its effluent for extended periods of time. The permt

requi renents need to be flexible to acconmpdate such seasonal
effects. The objective of the engineering study is to determne a
conceptual reuse system including custoners, avail able capacity,
the size of the pipeline, punps, and storage. This study is not a
design-level project. Further design and permtting is required
to inplenent a project.

2.4.2.2 Reuse Treatnent Facilities. An FOTWmay need additi onal
treatnment capability to provide reuse-quality water. |If there is
a possibility of public contact with the water, then the effl uent
must have high-level disinfection (<20 MPN [ nost probabl e nunber]
per 100 nmL). Filtration before disinfection or discharge to an
irrigation systemwould also be likely. If only a portion of the
effluent flowis used for reuse, then these additional facilities
woul d need to be sized accordingly and would treat only a side-
stream An engineering feasibility study would need to determ ne
the size and | ayout of these treatment facilities.

2.4.3 40 CFR Part 503 Sl udge Regul ations. Biosolids have
beneficial plant nutrients and soil-conditioning properties.
However, biosolids may al so contain heavy netals, bacteria,
viruses, protozoa, parasites, and other m croorganisns that can
cause disease. If inproperly treated and applied, they may al so
attract nui sance vectors, such as insects and rodents. The EPA
actively pronotes managenent practices that provide for the
beneficial reuse of biosolids while maintaining or inproving
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environmental quality and protecting human health. However, while
the Part 503 regul ati ons encourage the beneficial reuse of

bi osolids, they do not mandate it; traditional disposal nethods
such as landfilling may still be sel ected.

The use and di sposal of biosolids, including donestic
septage, are regul ated under 40 CFR Part 503. This regul ation,
promul gated on February 19, 1993, was issued under the authority
of the Clean Water Act, as anended in 1977, and the 1976 Resource
Conservation and Recovery Act. For nost sludges, the new
regul ation replaces 40 CFR Part 257—the original regulation
governi ng the use and di sposal of sludge that has been in effect
since 1979. Sludges generated at an industrial facility during
the treatnment of donestic wastewater, commi ngled with industri al
wastewater in an industrial wastewater treatnent facility, are
still covered under 40 CFR Part 257 if the solids are applied to
the land. For nost FOTWs, however, 40 CFR Part 503 is the
appl i cabl e regul ati on.

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 Sludge
(I'ncludi ng Donestic Septage) Under 40 CFR Part 503.

2.4.3.1 Solids Definitions. The Part 503 regul ations

pronmul gated the word “sludge” to describe a variety of solids
residuals fromwastewater treatnent processes. The wastewater
treatnent industry and regul atory agencies have recently tried to
mnimze the use of the word “sludge” because the termis too
general and its negative connotations do not accurately reflect

the industry’'s goal: to pronote the beneficial reuse of properly
treated wastewater solids as useful soil anmendnents for
agricultural users and the general population. |In keeping with

current industry practices, this docunent avoids the word “sludge”
except when directly referred to in Part 503 regulations or a

wi dely accepted process nane such as the “activated sl udge
process.” Figure 1 shows a secondary wastewater treatnent plant
and identifies the term nology used by industry and this docunent
to replace the word “sludge.”

The primary solids referred to in Figure 1 are those
derived fromprimary treatnent processes. Solids drawn fromthe
secondary treatnent systemare referred to as “waste activated
sl udge” or “biosolids.” The word “biosolids” refers to the
residual treatnment bacteria and inert solids contained in the
bi ol ogi cal treatnent process. Solids that have undergone
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treatnent for beneficial reuse are generally referred to as
“residual solids” or can be classified according to their |evel of

treatnent, such as “Class A Solids.” In sone cases, treatnent
facilities do not further treat primary or secondary solids and
di spose of these in a permtted landfill; in this case, the

residuals are referred to as “sludge,” nmeaning the product has not
received treatnment to reduce pathogens or vector attraction. The
phrase “other residual solids” refers to the dense, grit-Ilike
solids that accunulate in process tanks and are renoved when the
tanks are periodically enptied and cl eaned.

2.4.3.2 Protection of Public Health and the Environnment. 1In the
j udgnment of the Adm nistrator of EPA, Part 503 protects public
health and the environnent through requirenents designed to reduce
the potential for contact with the di sease-bearing m croorgani sns
(pat hogens) and heavy netals in biosolids applied to the | and or

pl aced on a surface disposal site. These requirenents are divided
into the foll ow ng categories:

a) Requi renments designed to control and reduce
pat hogens in solids

b) Requi rements designed to reduce the ability of the
solids to attract vectors (rodents, birds, insects, and other
living organi sns that can transport solids pathogens away fromthe
| and application or surface disposal site)

c) Requi rements designed to limt the anount of heavy
metals in solids applied to |land or placed on a surface disposal
site

Subpart D of Part 503 includes both performance- and
t echnol ogy-based requirenents that aimto reduce pathogens and
vector attraction. It is designed to provide a nore flexible
approach than Part 257, which required solids to be treated by
specific listed or approved treatnent technol ogies. Under
Part 503, treatnent works may continue to use the sanme processes
t hey used under Part 257, but they now al so have the freedomto
nmodi fy conditions and conbi ne processes with each other, as |ong
as the treated solids neet the applicable requirenents.
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Figure 1
Definitions of Solids
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2.4.3.3 Applicability of the Requirenents [503.15]. Part 503. 15
covers the applicability of the pathogen and vector attraction
reduction requirenents. The Subpart D requirenments apply to
solids (both bulk solids and solids that are sold or given away in
a bag or other container for application to the |and) and donestic
septage applied to the land or placed on a surface disposal site.
The regul ated community includes persons who generate or prepare
solids for application to the land, as well as those who apply it
to the | and, including anyone who:

a) CGenerates solids that are |and-applied or placed on
a surface disposal site

b) Derives a material fromsolids
c) Applies solids to the |and
d) Oms or operates a surface disposal site

2.4.3. 4 Requi rements for Land Application or Disposal. Solids
cannot be applied to |l and or placed on a surface disposal site

unl ess they have net the two basic types of requirenents in
Subpart D: pathogen and vector attraction reduction requirenents.
These two types of requirenents are separated in Part 503 (they
were conmbined in Part 257) which allows flexibility in how they
are achieved. Conpliance with the two types of requirenents nust
be denonstrated separately. Therefore, denponstration that a

requi renent for reduced vector attraction has been net does not
inply that a pathogen reduction requirenment al so has been net, and
Vi ce versa

2.4.3.5 Pat hogen Reducti on Requirenents. Sewage Sl udge

[ 503.32(a) and (b)]. The pathogen reduction requirenents for
sewage sludge are divided into two categories: Cass A and

Class B. These requirenents use a conbi nation of technol ogi cal
and m crobi ol ogical requirenents to ensure reduction of pathogens.

The inmplicit goal of the Cass Arequirenments is to
reduce the pathogens in sewage sludge (including enteric viruses,
pat hogeni ¢ bacteria, and viable helmnth ova) to bel ow detectable
levels. The inplicit goal of the Class B requirenents is to
ensure that pathogens have been reduced to levels that are
unlikely to pose a threat to public health and the environnent
under the specific use conditions. For Class B solids that are
applied to land, site restrictions are inposed to mnim ze the
potential for human and ani mal contact for a period of tine
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follow ng | and application, until environnental factors have
further reduced pathogens. Cass B solids cannot be sold or given
away in bags or other containers for application to the |and.
There are no site restrictions for Cass A solids.

Donestic Septage [503.32(c)]. Donestic septage is a
form of sewage sludge. The requirenents for donestic septage vary
depending on howit is used or disposed. Donestic septage applied
to a public contact site, |lawn, or hone garden nust neet the sane
requi renents as other forns of sewage sludge. Separate, |ess
conplicated requirenents for pathogen reduction, apply to donestic
septage applied to agricultural land, forests, or reclamation
sites. These requirenents include site restrictions to reduce the
potential for human contact and to allow for environnental
attenuation, or pH adjustnent with site restrictions only on
harvesting crops. No pathogen requirenents apply if donestic
septage is placed on a surface disposal site.

2.4.3.6 Vector Attraction Reduction Requirenents [503. 33].
Subpart D specifies 12 options to denonstrate reduced vector
attraction. Eight of the options apply to sewage sl udges that
have been treated in sonme way to reduce vector attraction (e.g.,
aerobi c or anaerobic digestion, conposting, alkali addition, and
drying). These options consist of operating conditions or tests
to denonstrate that vector attraction has been reduced in the
treated solids. Three options cover nethods for injection or

i ncorporating solids into the soil to reduce vector attraction.

One option is a requirenent to denonstrate reduced
vector attraction in domestic septage through elevated pH This
option applies only to donestic septage.

2.4.3.7 Frequency of Mnitoring

a) Sewage Sl udge [503.16(a) and 503.26(a)]. The
Class A and O ass B pathogen requirenents and the first eight
vector attraction reduction options (the treatnent-rel ated
met hods) all involve some formof nmonitoring. The m ni num
frequency of nonitoring for these requirenents is given in Part
503.16(a) for land application and Part 503.26(a) for surface
di sposal. The frequency depends on the anobunt of solids used or
di sposed of annually. The larger the anount used or disposed of,
the nore frequently nonitoring is required.

b) Donesti c Septage [503.16(b) and 503.26(b)]. One of
the options that can be used for denonstrating both pathogen
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reduction and vector attraction reduction in donestic septage is
to elevate pHto >12 for 30 mnutes. Wen this option is used,
each contai ner of donestic septage (e.g., each tank truck | oad)
applied to the land or placed on a surface disposal site nust be
nmoni tored for pH

2.4.3.8 Recor dkeepi ng Requirenments [503.17 and 503. 27] .

Recor dkeepi ng requi renents are covered in Part 503.17 for |and
application and Part 503.27 for surface disposal. Records are
requi red for both sewage sludge and donestic septage. All records
must be retained for 5 years except when the cunul ative pol | utant

| oading rates in Part 503 Subpart B (Land Application) are used.
In that case, certain records nust be kept indefinitely. Sone
records nust be reported to the permtting authority.

a) Land Application. Records nust be kept to ensure
that the solids neet the applicable pollutant limts, managenent
practices, one of the pathogen requirenents, one of the vector
attraction reduction requirenents and, where applicable, the site
restrictions associated with |and application of Class B
bi osolids. When bulk solids are applied to | and, both the person
preparing the solids for |and application and the person applying
t hem nust keep records. The person applying solids that are sold
or given away does not have to keep records.

b) Surface Disposal. Wien solids are placed on a
surface disposal site, both the person preparing the solids and
t he owner/operator of the surface disposal site nust keep records.
In the case of donestic septage applied to agricultural [|and,
forest, or a reclamation site or placed on a surface disposal
site, the person applying the donestic septage and the
owner/operator of the surface disposal site may be subject to
pat hogen-rel ated recordkeepi ng requirenents, dependi ng on which
vector attraction reduction option was used.

c) Certification Statenent. |In every case,
recordkeepi ng involves signing a certification statenent that the
requi renent has been nmet. Parts 503.17 and 503. 37 of the
regul ation contain the required certification |anguage.

2.4.3.9 Reporting Requirenents for Sewage Solids [503.18 and
503.28]. Reporting requirenents for these solids are found in
Part 503.18 for land application and Part 503.28 for surface

di sposal. These requirenents apply to Cass | solids managenent
facilities and to publicly owned treatnment works and FOTW with a
design flow rate equal to or greater than 1 ngd and/or that serve
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10,000 or nore people. These facilities nmust submt to the
permtting authority the records they are required to keep as
“preparers” of biosolids and/or as the owner/operators of surface
di sposal sites on February 19 of each year. There are no
reporting requirenents associated with the use or disposal of
donesti c septage.

2.4.3.10 Permts and Direct Enforceability [503. 3]

a) Permts. Under Part 503.3(a), the requirenents in
Part 503 nay be inplenented through: (1) permts issued to
treatment works treating donestic sewage by EPA or by states with
an EPA- approved solids managenent program and (2) by permts
i ssued under Subtitle C of the Solid Waste Di sposal Act; Part C of
the Safe Drinking Water Act; the Marine Protection, Research, and
Sanctuaries Act of 1972; or the Cean Air Act. Treatnent works
treating donmestic sewage should submt a permt application to the
approved state program or, if there is no such program to the
EPA Regi onal Sl udge Coordi nator.

b) Direct Enforceability. Under Part 503.3(b), the

requi renents of Part 503 automatically apply and are directly
enforceabl e even when no permt has been issued.
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Section 3: SEPTI C TANKS

3.1 Description. Septic tank systens are used to treat and
di spose of wastewater fromindividual honmes and buil di ngs where it
is not feasible to provide a comunity wastewater collection and
treatment system All conponents of the septic tank system are
underground. Figure 2 depicts a standard two-conpartnent septic
tank system

3.1.1 System Conponents. The individual honme or building

di scharges through a pipeline to the septic tank, which in turn
di scharges to the effluent |eaching system \Were groundwater

| evel s are high, the elevation may be insufficient for gravity

fl ow and punps may be required on either side of the septic tank.
Punps | ocated before the septic tank require diligent maintenance
because they directly receive untreated wastewater. Refer to
manuf acturer’ s recomendati ons for mai ntenance of these punps.

3.1.1.1 Tank. The septic tank is an underground, watertight
concrete or fiberglass receptacle that typically has a liquid
depth of at least 42 inches (1 m. Inlets and outlets are |ocated
at opposite ends of the tank. The inlets generally have invert
elevations 1 to 3 inches (3 to 8 cn) above the liquid | evel of the
tank. The outlets generally have a vented tee so that the intake
to the outlet device is belowthe liquid |level. A system may have
two or nore septic tanks placed in a series.

3.1.1.2 Ef fl uent Leaching Systens. Wastewater discharges
through a pipe fromthe septic tank to the underground effl uent

| eaching system The effluent |eaching systemconsists of a

di stribution box or header pipe and a drain field. The drain
field is a system of open-jointed or perforated piping that all ows
the wastewater effluent to be distributed gradually into the soil.
Typically, all portions of the effluent |eaching system are
install ed bel ow the el evation of undi sturbed native soil. A nound
systemis used in locations where the depth is insufficient for
the effluent |eaching system because of high groundwater |evels,

insufficient perneable soil, or other conditions. For nound
systens, all or part of the |leaching systemis |ocated above the
el evati on of undisturbed native soil. Mund systens require a punp

to deliver the effluent to the elevated | eaching system Electric
controls outside the dosing chanber and a power supply nay be
required to operate the punp.
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3.1.2 System Qperation Principles. Wstewater flows out of
the building through a pipe into the septic tank. 1In the tank,
bacteria attack and digest organic matter by anaerobic di gestion.
The wastewater itself provides the bacteria for this process. The
anaer obi c di gestion process changes the waste into gas, biosolids
(residual organic and inorganic material), and treated effluent.
The gas escapes into the air, the treated effluent is discharged
to the I eaching system and the residual solids renmain in the
tank. The solids should be punped out of the tank periodically.
The treated effluent is discharged into the soil through the
perforated or open-jointed pipes in the drain field. Soi
bacteria destroy remaining organic material in the effluent.

3.2 Septic Tank System O&M The primary O%M requirenment for
the septic tank systemis periodic renoval of settleable solids.
In addition, take preventative care of the system by nonitoring
wast e di sposed to the system and ensuring that trees or shrubs are
not planted over any of the system conponents. It is not
necessary to add yeast or bacteria to the system as a nai ntenance
procedure. As long as human and kitchen wastes are being

di scharged to the system there will be sufficient bacteria in the
tank for treatnent.

3.2.1 | nspecting the Septic Tank. Check the septic tank every
3 to 5 years to determne if solids need to be renpbved. Check the
tank once a year if garbage di sposals discharge to the tank

Caution: Exercise extreme care when inspecting the
septic tank. Never inspect a septic tank alone or enter a tank.
Toxi ¢ gases are produced by the natural treatnment processes in
septic tanks and these gases can kill in mnutes. Details on
confined space entry requirenents are found in the Sacranento
Series Qperation of Wastewater Treatnent Plants, Vol une 2,
Chapt er 14.

3.2.1.1 Measuring Solids and Scum Inside the Tank. The
follow ng informati on cones from Pi peline: Mintaining Your
Septic System-A Qui de for Honeowners, National Small Fl ows
Cl eari nghouse, 1995.

There are two frequently used nethods for nmeasuring the
solids and scum | ayers inside your tank. The contractor may use a
hol | ow cl ear plastic tube that is pushed through the different
| ayers to the bottomof the tank. When brought back up, the tube
retains a sanple showi ng a cross-section of the inside of the
tank. The |ayers can al so be neasured using a long stick. To
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measure the scumlayer using a stick, a 3-inch (8 cn) piece of
wood is attached across the end of the stick to forma "foot," and
the stick is pushed down through the scumto the liquid |ayer.
When the stick is noved up, the foot neets resistance on the
bottom of the scum |l ayer, and the contractor marks the stick at
the top of the layer to neasure the total thickness. As a general
guideline, if the scumlayer is within 3 inches (8 cnm) of the
bottom of the inlet baffle, the tank shoul d be punped.

The solids |ayer is neasured by wapping cloth around
the bottomof the stick and lowering it to the bottom of the tank.
Insert the stick either through a hole in the scumlayer or
through the baffle or tee, if possible, to avoid getting scum on
the cloth. The solids depth can be estimated by the | ength of
solids sticking to the cloth. |If the solids depth is equal to
one-third or nore of the |iquid depth, the tank should be punped.

3.2.2 Renoval of Settleable Solids. C ean the tank whenever
the bottomof the floating scumlayer is within 8 inches (20 cm
of the bottomof the outlet device. Table 1 shows the estinmated
t ank punpi ng frequencies, based on tank size and househol d size.

Table 1
Estimated Septic Tank Punping Frequencies in Years(1l)

Househol d Si ze

Tank Size (nunmber of peopl e)

(gal I ons) 1 2 3 4 5 6
500 5.8 2.6 1.5 1.0 0.7 0.4
750 9.1 4.2 2.6 1.8 1.3 1.0
900 11.0 5.2 3.3 2.3 1.7 1.3
1, 000 12. 4 5.9 3.7 2.6 2.0 1.5
1, 250 15.6 7.5 4.8 3.4 2.6 2.0
1, 500 18.9 9.1 5.9 4.2 3.3 2.6
1, 750 22.1 10.7 6.9 5.0 3.9 3.1
2, 000 25. 4 12. 4 8.0 5.9 4.5 3.7
2,250 28.6 14.0 9.1 6.7 5.2 4.2
2,500 31.9 15.6 10. 2 7.5 5.9 4.8

(1) These figures assune no garbage disposal is in use.
Source: Pennsylvania State University Cooperative Extension
Service, as reprinted in Pipeline: Mintaining Your Septic System—
A Quide for Honeowners, National Small Flows C earinghouse, 1995
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When cl eaning the tank, renove all contents, including
scum liquid, and solids. Use only the access ports on the tank
for cleaning; do not punp out the tank through the distribution
box. Do not use toxic or hazardous chemcals for cleaning the
tank and do not use organic chem cal solvents or petrol eum
products for degreasing or declogging the system These chem cal s
and products are potentially harnful to the systemand to the
groundwater in the vicinity of the system

3.2.3 Moni toring Waste Di scharged to System Because the
septic tank treatnent systemis a biological process, it is
particularly inportant that toxic or hazardous chem cal s are not

di scharged into it. These chemcals would kill the bacteria used
for treatment of the wastewater. Discharge of industrial

wast ewater to septic tanks violates the underground injection
provi sions of the SDWA. In addition, grease and non-bi odegradabl e
products should not be discharged into the system The systemis
not designed to treat these products and they can cause cl oggi ng
in the system conponents. Household cl eaners such as bl each,

di sinfectants, and drain and toilet bow cleaners should be used
in noderation and only in accordance with product |abels. Overuse
of these products can harmthe septic tank system

3.2.4 Wat er Conservation. Water conservation is critical for
proper operation of the drain field. Continual saturation of the
soil in the drain field can significantly reduce the ability of
the soil to naturally renove toxins, bacteria, viruses, and other
pollutants fromthe wastewater. 1In addition to conserving water
di scharged to the septic tank and drain field, try to restrict
wat er fromroof drains, sunp punps, and other sources from
draining into the area of the drain field.

3.2.5 Veget ati on Over System Conponents. Do not plant trees
or shrubbery over any of the system conponents. If a tree or bush
has a strong root system the roots can choke the drain field
and/or get into the septic tank. Roots in the septic tank can
reduce its capacity and block the inlet or outlet.

3.3 Leachate System O&M The only renedy for a | eachate
systemthat is not functioning is replacenent. There are no
conclusive data to support the prem se that enzynes and chem ca
treatment can revitalize a drain field. To construct a new drain
field on top of an existing field, dig trenches parallel to the
existing drain field pipes or widen the existing trenches.
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3.4 Septic Tank System Fail ures. Several warning signs can
indicate that a septic tank systemis failing and that nore than
cl eaning of the systemis necessary:

a) Cbnoxi ous odors in the area of the systemor inside
t he buil di ng

b) Soft ground or |low spots in the area of the system

c) Grass grow ng faster or greener in the area of the
system

d) @Qurgling sounds in the plunbing or plunbing backups
e) Sl uggi shness in the toilet when flushed
f) Pl unbi ng backups

g) Tests showi ng the presence of bacteria in nearby
wel | water

Tabl e 2 shows possi bl e causes of septic tank system
failures and suggests renedi al procedures.

Tabl e 2
Mai nt enance Checklist for Septic Tank System Fail ures

Possi bl e Causes of Failure Possi bl e Renedi al Procedures
Under desi gn

Tank size insufficient for Repl ace septic tank or add

wast ewater fl ow quantity addi tional septic tank(s) in

and/ or characteristics parall el .

Drain field too small Enl arge drain field. Reduce

wat er consunpti on.
Faulty drain field installation

Pl ugged pi pes For pl ugged pipes, insufficient
stone, and uneven grades,

I nsufficient stone in trenches |install a newdrain field on top
of existing field.

Uneven grades
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Tabl e 2 (Conti nued)
Mai nt enance Checklist for Septic Tank System Fail ures

Possi bl e Causes of Failure

Possi bl e Renedi al Procedures

Poor soil conditions

Hi gh groundwat er

| nsufficient distance bel ow
drain field to bedrock

Rel atively inpervious soils

Overl oad

Excessi ve wast ewat er | oadi ng

Poor stormnater drai nage away
fromsystem

Leaki ng pl unbing fixtures

Wast ewater flow quantity

and/ or characteristics greater
than anticipated in design due
to changes in use of building,
garbage grinders, etc.

Lack of Tank Mai ntenance

Septic tanks not punped out at
sufficient intervals, causing
solids to be discharged to
drain field

| mprove surface drainage;
install curtain drains; elevate
field; and/or reduce water
consunpti on.

El evate drain field and/or
reduce water consunption.

El evate drain field and/or
reduce water consunption.

| ncrease tank size or reduce

wat er consunpti on.

| mprove surface drainage.

Repair plunbing fixtures.
Renove gar bage gri nders;
i ncrease drain field.

Punp out tank; construct new
drain field on top of existing
drain field; relieve drain field
by draining into a pit and
punpi ng out and let field rest
for a nonth.

Source: Adapted from Rein Laak's WAst ewat er
Pennsyl vani a: Technom c Publ i shi ng

Unsewer ed Areas, Lancaster,

Co., Inc., 1986

Engi neeri ng Design for
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Section 4: GREASE TRAPS

4.1 Descri ption. Food-service operations typically use
grease traps to prevent excessive discharge of grease and oi
into the wastewater collection and treatnent system |f grease
traps are not properly maintained, slug | oads of grease wl|
interfere with the performance of both the collection and
treatnent system (Gease traps are usually | ocated outside the
f ood-servi ce establishnment in an underground tank with ground-

| evel access. Sonetinmes under-sink systens are al so used for
grease traps; however, these are not recomended because they
generally do not provide adequate grease renoval. Were under-
sink nodel s are used, proper maintenance is especially critical
because of the higher potential for release of slug | oads of
grease into the wastewater system

4.1.1 Configuration. Gease traps usually consist of an
under ground, watertight concrete tank with inlet and outl et

pi ping. The outlet pipe has a tee that allows the internal

di scharge to be located wthin 12 inches (0.3 m of the tank
bottom The size of the grease trap depends on the antici pated
flowrate, water tenperature, and grease concentration. In
general, grease traps range froma m ninmum capacity of

750 gallons (2.8 n?) to a maxi num capacity of 1,250 gallons

(4.7 nf). \Were a capacity of nore than 1,250 gallons (4.7 ) is
required, two or nore grease traps may be placed in a series.
Access to the tank is typically through one or two manhol e rings
and covers.

4.1.2 Location. Gease traps should be |ocated outside food-
service buildings in an accessible location for inspection and
mai nt enance. The traps are installed in the waste |ine between
the sink drains and kitchen fixtures and the wastewater
col l ection system

4.1.3 Di scharges to Grease Traps. G ease traps do not
performeffectively if they receive discharges with el evated
tenperatures or high solids concentrations. Gease traps should
not receive discharges from garbage grinders or produce-
preparation sinks. D scharges from nechanical dishwashers are
al so not recormended. However, the preflush/prescraping sinks

t hat serve nechani cal di shwashers may be connected to the grease
trap, provided no garbage grinders are used at these sinks.

4.2 Mai nt enance Procedures. The critical maintenance
procedure for all grease traps is periodic renoval of accumul ated
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waste. If the responsibility and procedures for cleaning grease
traps are not clearly identified and inplenented, the traps are
ineffective. It is recommended that waste be punped out of the

grease traps rather than dissolved wth solvents. Gease and

sol vents may have a negative inpact on the wastewater collection
and treatment system Recovered oil and grease from food-service
operations can typically be sold to a |ocal rendering conpany.

O her types of oils can often be reclained by recyclers. |If
proper mai ntenance cannot be maintai ned, consideration should be
given to renoving the grease trap and having the user separate
the grease before discharging wastewater to the sanitary system

4.2.1 Punp- Qut Frequency. The recommended punp-out frequency
ranges fromevery 2 weeks to every 3 nonths, depending on the
wast e characteristics of the establishnment and the size of the
grease trap. The necessary punp-out frequency can be determ ned
by checking the grease retention capacity in the grease trap.
Grease and accunul ated wastes should be renoved as often as
necessary to maintain as | east 50 percent of the grease retention
capacity.

4.2.2 Mai nt enance Specific to Manufactured G ease- Renoval
Systens. In addition to periodically renmoving the waste, review
and i npl enment the manufacturer’s reconmended nai nt enance
procedures for all grease-renoval systens.
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Section 5: O L/ WATER SEPARATORS

5.1 Ol /Water Separators. Gl /water separators are devices
comonly used to separate oily waste products from wast ewat er
streans. They are typically installed in industrial and

mai nt enance areas to receive and separate oils at |ow
concentrations from wastewater generated during industrial
processes such as nmi ntaining and washing aircrafts and vehi cl es.
The nunber of separators currently owned and operated by the
mlitary is in the thousands. A large installation nay have as

many as 150 units. In recent years, it has becone clear that
many of the mlitary’'s separators are not perform ng as
anticipated. |Inadequacies have resulted from poor design,

i nproper selection of pre-manufactured units, m suse by
di schargi ng i nappropri ate wastewaters or excessive quantities,
and lack of nonitoring and mai ntenance.

5.2 Types of Ol /Water Separators. There are three

predom nant types of oil/water separators: conventional gravity
separators, corrugated plate gravity separators, and flotation
separators. The overwhelm ng majority of oil/water separators
used are conventional gravity separators. Mst units, regardl ess
of the type, are purchased as proprietary equi pnent from vendors.
Accordingly, the manufacturer’s recommended O8M procedures shoul d
be consulted and followed. A brief description of the nain types
of oil/water separators foll ows.

The primary types of oil/water separators described in
this section are intended for the renoval of free and de-
enmul sified oils and greases, usually as a pretreatnent nethod.
There are nunerous ot her polishing oil/water separators marketed
for renoval of trace quantities of oil and grease. These devices
i nclude coalescing filters, oleophilic filters, and adsorption
devices. Operators should consult the manufacturer’s proprietary
operati ons and mai nt enance gui dance for these devi ces.

5.2.1 Gravity Separators. The process relies on the
different densities of oil, water, and solids for successful
operation. The wastewater is fed to a vessel sized to provide a
qui escent zone of sufficient retention tine to allowthe oil to
float to the top and the solids to settle to the bottom Gavity
oi |l /water separators cone in two configurations: conventiona
gravity separators such as those designed in accordance with
gui del i nes established by the Arerican PetroleumlInstitute (API)
and corrugated plate interceptors (CPIs).

30



M L- HDBK- 1138

5.2.1.1 Conventional G avity-Type Separators. Conventional
gravity separators are typically rectangul ar in-ground or above-
ground tanks wth maxi rum wi dths of 20 feet (6 n). A diagram of
a typical conventional gravity separator is presented in

Figure 3. Influent and effluent channels are normally | ocated on
opposite ends of the separator. The influent typically passes an
inlet section that contains a slotted baffle to distribute

i nfluent evenly throughout the depth of the separator. For units
W t hout sludge collectors, there may al so be a bottombaffle in
the separator; this retains settled solids in the front part of
the separator to reduce cleaning requirenents. Oher separators
may have automatic sludge renoval equi pnment that will rake
accunul ated sludge to a sludge hopper where it can be punped from
the tank periodically.

In either case, the sludge |evel should be nonitored
routi nely, and sludge should be renoved when it occupies 10
percent or nore of the separator volunme. Al conventional
gravity separators have a surface baffle at the outlet end to
retain floating oil and grease. The grease is renoved by punping
or by activating a rotary drumor slotted pipe that allows the
surface material to drain to a drumor oil holding tank. The
depth of the surface oil |ayer should be checked regularly, and
surface skimm ng shoul d be conducted routinely. Experience
gai ned from operating a conventional gravity separator in a

specific application will indicate the required intervals for
checking and skinmm ng the oil layer. For exanple, although the
oil layer m ght need to be checked and skimed daily, this

interval could range fromseveral tinmes per day to several tines
per nonth, depending on the rate of oil accumulation on the
separator surface.

One criterion to use is that the oil layer should be
nmoni tored and ski med as often as is necessary to prevent an
excess anmount of oil from being flushed through the separator by
an unexpected hydraulic surge (e.g., rainfall). Thus, the
frequency may al so depend on the sensitivity of downstream

processes to increased oil |oading. The frequency will have to
be determ ned by experience but it likely will be such that the
floating oil |ayer does not exceed about 2 inches (5 cm (sone
operators prefer that there be no floating oil |ayer on the

separator).

5.2.1.2 Corrugated Plate Interceptors. CPls are typically
supplied by vendors and are based on proprietary designs. A CPI
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consists of a tank containing a nunber of parallel corrugated

pl ates nounted from0.8 to 1.6 inches (2 to 4 cn) apart and
inclined at an angle to the horizontal. A diagramof a typical
CPl is presented in Figure 4. Wastewater may flow either
downward or upward between the plates; in the configuration
shown, wastewater flows downward through the plates. As this
happens, the oil droplets float upward and coll ect on the
under si de of adjacent plates where they coal esce. The coal esced
oil droplets nove up the plates and are retained in the separator
to forma floating |layer that is skimmed fromthe surface of the
tank. Settled solids fromthe wastewater collect on the top side
of adjacent plates, mgrating down the plates and dropping into
the bottom of the CPI vessel. In the diagram shown, treated water
fl ows down through the plates, and over a weir into an effl uent
flume. Some manufacturers use different configurations than the
one shown.

CPl separators are smaller and easier to cover for
controlling atnospheric em ssions, and they may be | ess expensive
than APl -type separators. |In practice, however, the smaller size
has sonetinmes been a di sadvantage since it may not provide
sufficient volume to acconmmpdate slugs of oil and it may not
provi de sufficient detention tinme for breaking enul sions.

In sone cases, the plate packs have becone severely fouled. CPls
are usual ly drained and hosed down routinely to clean the plates.
Operating experience over tine will dictate how often this
occurs, but a mnimuminterval of every 6 nonths is appropriate.

5.2.2 Di ssolved Air Flotation (DAF). DAF is commonly used to
renmove oil, grease, and suspended solids fromindustri al
wastewaters. Typically, gravity oil/water separators are used in
front of flotation units to renove the major fraction of free or
floating oils, so flotation units are usually consi dered
polishing units.

In the flotation process, small gas bubbles rising
t hrough the wastewater adhere to solids particles and oi
gl obul es, causing themto float to the surface where they are
skinmmed off. A diagramof a typical flotation systemis
presented in Figure 5. The air bubbles can be added to the
wastewater by a variety of neans. Diffused air flotation and
i nduced air flotation are the two nost common types of DAF units.
Both types incorporate a flotation vessel with a baffle to retain
floated oil, an oil-skinm ng nmechanism and sonetines a bottom
scrapi ng mechanismto renove very heavy particles that do not
float.
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Si gni ficant nechani cal equi pment is associated with
t hese systens and shoul d be maintained according to
manuf acturers’ directions. Flotation vessel surface skimmng
generally is continuous, but settled sludge nmust be drawn off
manual ly. The drawoff frequency will have to be determ ned by
experience but could range fromonce daily to twice nonthly, with
weekly being a reasonable starting point.

5.3 Problenms with O | /Water Separator Applications.

Ol /water separators are used to renove snmall anounts of oil and
ot her petrol eum products fromwastewaters prior to further
treatnent. The mlitary has historically purchased and installed
gravity oil/water separators under the assunption that it has
only an oil/water separation problemto solve. However, the npbst
comon mlitary applications sel dominvolve sinple oil-and-water
m xt ures.

Waste streans generated frommlitary applications
frequently contain significant quantities of dirt, cleaning aids
(detergents, solvents), fuels, floatable debris, and various
other itenms conmmon to mlitary equi pnent and activities.

Ol /water separators are not designed to separate these other
products. An oil/water separator nust not be used as a catch-al
for wastes generated from any nmai ntenance activity, and

mai nt enance personnel need to be nade aware of this fact.

| mproper use can result in illegal discharges of hazardous
substances to stormnater systens or WMPs. Even when di scharges
are not illegal, msuse of these systens can upset treatnent

pl ants, cause discharge permt violations, increase sludge
di sposal costs, and elim nate beneficial reuse of wastewater or
sl udge.

The follow ng factors directly affect the efficiency,
use, and managenent of oil/water separators: frequency and
intensity of influent flow design capacity, enulsifying agents,
peri odi ¢ mai nt enance practices, type of separator system and
ot her contam nants contained in the waste stream Installation
personnel should be famliar with these factors so they properly
design, select, install, operate, and maintain these systens.

A separator that is being used inproperly should be reported to
the environnental office.

5.3.1 Frequency and Intensity of Flow. The |onger the
residence tinme of the waste streamin the oil/water separator
the nore efficient it will be at separating oil. Contam nated

water enters a receiving chanber of the separator where the flow
36



M L- HDBK- 1138

velocity of the wastewater is reduced, thereby allow ng heavy
solids to settle while larger oil droplets float to the top of
the conpartnent. Further separation continues in a separation
chanber where smaller droplets of oil separate fromthe water and
join the larger droplets previously separated. The oil |ayer

t hat has accumul ated on the top of the water spills over an oi
skinmrer into a holding area; the wastewater then flows, or is
punped, to the stormmater or sanitary sewer system

A longer separation tinme increases the efficiency of
the oil/water separator by allow ng a greater anount of oil to
rise to the top of the wastewater. Therefore, restricting the
wastewater to design flowrates will inprove the efficiency of
t he separat or

5.3.2 Design Capacity. An oil/water separator has a finite
capacity for storing oils and sludges accunul ated during its
operation. Quite often the oil/water separator hol ding
conpartments can becone saturated or full of oils and sl udges,
all ow ng contam nation to flow freely into the wastewater
effluent exiting the separator system Ensuring that the
separator capacity neets the needs of the process wll aid
separation efficiency.

5.3.3 Enul si fying Agents. Detergents and soaps designed to
renmove oily grime fromdirty weapon systens, vehicles, or other
conponents can adversely affect oil/water separator operation.
These agents are designed to increase solvency of oily grine in
water. Hence, the oil droplets take |onger to separate from
wat er, reducing separation efficiency. Overzeal ous use of
detergents can degrade efficiency by conpletely enulsifying oi
in the wastewater stream thus allowing the oil to pass through
an oil/water separator unaffected.

5.3.4 Peri odi ¢ Mai ntenance Practices. Sludges and oils that
are not periodically punped from separator hol ding tanks can
render the separator inoperative. Additionally, |eaks from

oi |l /water separators can result in environnental pollution that
could require investigative studies and extensive cl eanup.
Regul ar equi pment i nspections and a preventive mai ntenance pl an
can prevent contam nated di scharges fromthe oil/water separator
system Depending on the wastewater characteristics (e.g., |ow
pH), what material the separator is nade of, and the age of the
facility, visual equipnment inspections should be performed from
once per week to once per nonth. Mre rigorous inspections
shoul d be conducted two to four tines per year. |nspections
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shoul d focus on areas bel ow the water |ine; equi pnent
construction joints; piping connections and interfaces; and ot her
areas prone to wear, spills, or leaks. See par. 5.5 for nore
detail.

5.3.5 Type of QI /Water Separator System An oil/water
separator designed and installed to a past m ssion requirenent
may not be suitable for current maintenance operations. For
exanple, a wash rack with an oil/water separator designed to
capture contamnants froma small fighter aircraft will not
handl e | arger wastewater volunes froma |larger aircraft.

Addi tionally, changes in m ssion can affect the effluent
characteristics of the wastewater being discharged to an

oil /water separator (i.e., wastewater with solvents or emnul sions
versus free floating oil). Thus, as installation m ssions
evol ve, treatnment systemdesign criteria nust be reviewed to
confirmcontinued suitability.

M ssi on conversions can necessitate nodifying
st or mnat er / wast ewat er drai nage systens. Stormwater from areas
t hat are uncontam nated under one m ssion may be contam nat ed
under another mssion, and vice versa. Q/l/water separators that
do not have a stormnater diversion systemcan suffer fromreduced
removal s fromthe hydraulic |oading of stormwvater that does not
need to be treated. Thus, separator collection systens al so nust
be reviewed for excessive stormwvater flows.

5.3.6 Contam nants in Wastewater Stream Particul ate heavy
metals and solids in the wastewater will settle into the sludge
at the bottomof the oil/water separator receiving conpartnents.
The sl udge could be regul ated as a hazardous waste if |evels
exceed RCRA or state hazardous waste levels. Solvents or fuels
may al so be retained in oil/water separator sludge.

5.4 Eval uation of Need for O | /Wter Separators.

Unaut hori zed di scharges of industrial pollutants, as well as

i nadequate O&M of oil/water separators, can create serious
l[tability and nonconpliance. |If an oil/water separator is not
needed to neet pretreatnent or discharge permt limts, or to
allow for beneficial reuse, it should probably be renpved to
elimnate the managenent responsibility and the potenti al
l[itability associated with it (Figure 6). Although this is an
envi ronnental issue, operators can assist by know ng what is

di scharged to separators, educating others whose activities are
generating the wastewater, and alerting their environnmental staff
of any problens. Because of the potential and significant effect
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on oil/water separator O&M it is especially inportant to ensure
that only wastewater associated with vehicle and equi prnent

mai nt enance activities are discharged to oil/water separators.
This wastewater typically contains oil and grease but has a
relatively small amount of solids. (By conparison, exterior
washi ng of vehicles and equi pnent, particularly after field
traini ng exercises, can discharge large quantities of solids.
Consequently, at many installations, central vehicle wash racks
are specifically provided for exterior washing and this is not
permtted at maintenance facilities.) Q/l/water separator users
shoul d assist environnental staff with the tasks detail ed bel ow

I n addition, operators can assist environnental
managenent staff in evaluating the need for and effectiveness of
existing oil/water separators with the goal of consolidating or
elimnating ineffective units. [Issues to consider in evaluating
the need for oil/water separators are di scussed bel ow.

a) The working area for outside nmaintenance
installations should be mnimzed to reduce the vol une of
contam nated runoff requiring treatnent. Using high-pressure
wat er and/ or detergents to clean up the work area increases
enmul sification and inhibits gravity oil/water separation and is
t herefore not recommended.

b) Use of dry absorbents should be considered to
m nimze the anount of oils reaching installation sewers. Dry
absorbents may be coll ected and di sposed of with solid waste
materials. Evaluate the flash point of spent absorbent for
possi bl e hazardous waste desi gnati on under RCRA gui del i nes.

c) Poi nt source controls should be investigated to
elimnate or reduce the wastewater volunme and contam nant
concentrations. For exanple, segregate used oils and sol vents
for disposal or reuse rather than allowing themto enter the
wast ewater stream | nplenenting point source controls may be
nmore econom cal than providing a wastewater treatnent system
Al so, consider point source control techniques, such as process
change or nodification, material recovery, wastewater
segregation, and water reuse.
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IS THE POL2 OR SETTLEABLE
SOLIDS PRODUCING
PROCESS NEEDED TO
SUSTAIN THE MISSION?

YES
|

DOES THE LEVEL OF POL
OR SETTLEABLE SOLIDS
DISCHARGED BY THE
PROCESS INTERFERE WITH
DOWNSTREAM TREATMENT
PROCESSES OR EXCEED
DISCHARGE PERMIT LIMITS?

YES

HAS SOURCE CONTROL
BEEN IMPLEMENTED TO
THE EXTENT POSSIBLE?

NO ELIMINATE THE
PROCESS

NO

NO | IMPLEMENT ADDITIONAL

NO FURTHER
ACTION REQUIRED

YES

SOURCE CONTROL
(SEE PAR. 5.4)

REMAINING PROBLEM POLLUTANT(S)

EMULSIFIED OILP FREE OILP SOLIDS ONLY OTHER POLLUTANTSC
INSTALL EMULSION INSTALL PROPERLY INSTALL SOLIDS CHANGE PROCESS
REMOVAL FACILITIES | | DESIGNED OIL/WATER | | REMOVAL SYSTEM | | OR DESIGN OTHER

SEPARATOR PRETREATMENT
PROCESS TO MEET
REQUIREMENTS
a  POL—PETROLEUM/OILS/LUBRICANTS
b SOME SOLIDS CAN ALSO BE REMOVED
BY OIL REMOVAL PROCESS
¢ IF HAZARDOUS WASTE IS FOUND IN THE
PROCESS DISCHARGE, THE HAZARDOUS
WASTE MUST BE REMOVED FROM THE
WASTE STREAM
Figure 6

Deci sion Tree for

Pr et r eat ment

of Qly Waste
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d) Maki ng process changes may elimnate the perceived
need for an oil/water separator. |Is the floor drain in the
mai nt enance bay necessary? The drain should be protected agai nst
hazar dous substance spills if there is a potential for spills in
that area. Can a dry process replace a wet process? This
approach woul d conpletely elimnate a wastewater stream An
oi | /water separator should not be installed to capture spills. A
hol di ng tank can acconplish this.

e) The formation of oil emul sions should be mnimzed
and enul si ons shoul d be segregated for special treatnent whenever
possi bl e. Emul sions are usually conpl ex, and bench scal e or
pilot scale testing is generally necessary to determ ne an
effective nethod for emul sion breaking. For guidance in
enul sions treatnment, refer to APl Publication 421, Design and
Operation of O l-Wter Separators.

f) 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 treatnment. Mnim zing | eaks and cont am nati on,
avoiding spills, and discarding oil only when it is no |onger
servi ceabl e should be a part of any oil disposal program

g) Know the | ocation of all separators and the point
of discharge (such as to stormsewers, sanitary sewers, septic
tanks, or discharge to surface waters).

h) Under stand where the nonitoring points are and
what the discharge Iimts are for separators.

i)Assist in elimnating unpermtted pollutants. Help
i npl enment source control plans and identify problem areas where
i ndustrial discharges that may contain hazardous wastes, heavy
metals, or emulsified oils are being discharged to an oil/water
separator system not designed to treat such wastes.

1) Identify to unit/activity personnel and the
environmental staff those oil/water separators that contain
excessive anmounts of soilds. This characteristic may indicate
that exterior vehicle or equiprment washing (which is usually not
al l owed in mai ntenance areas) is being perforned at mai nt enance
facilities.
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k) Educate installation staff to encourage use of dry
cl eanup procedures. For exanple, floor drains from nai ntenance
areas to oil/water separators should be used only for final
rinsing of the floor after any oils or other spill materials are
cleaned up with dry material s.

) Renmove and test oil/water separator sludge prior
to disposal to ensure conpliance with the sludge disposal
requirenents. Normally the sludge is tested once, shortly after
the separator is placed in service, to characterize the settled
sludge. |If the sludge is hazardous, the source of the hazardous
pol lutants should be imediately identified and elimnated. The
sl udge nust be retested each tine a significant change occurs in
the influent to the separator. Testing and appropriate sludge
di sposal shoul d be coordi nated through your environnmental office.

5.5 &M of QI /Water Separators. The ability of oil/water
separators to function properly depends on the application of
required routine service and mai ntenance. Mechani cal equi pnent
associated wth separators should be mai ntained according to
manuf acturers’ recommendati ons.

Per sonnel using and mai ntai ning the system are expected
to understand the separation process and the conponents of the
specific oil/water separator. Maintenance personnel are expected
to be famliar with the piping and configuration of each
separator for which they are responsible. They should
periodically inspect all parts of the separator and its draining
systemto prevent failures caused by operations, breaks, and
mechani cal settings. Itens suggested for inspection and a
recomended frequency for inspection are listed in Table 3.
System users nust also be famliar wth the capacity of the
separator and hol ding tanks, uses of the system and its
potential msuses to be able to determ ne requirenents for
periodi c draining and cl eani ng.

Separ ator perfornmance can be an inportant indicator of

t he nechani cal condition of the device. Performance can be
tracked by regular influent and effluent sanpling and anal ysis.
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Table 3
Recommended | nspection Points for Ol/Water Separators

ltem Suggest ed Frequency
Conventional Gavity Separator

Fl i ght nmechanism flights, Vi sual weekly; detailed

chai ns, sprockets, rails, drive annual |y

Sl udge hopper val ves: Weekl y

open/cl ose freely, close tight

O 1 skimer nechani sm noves Weekl y

freely, level, not plugged

Ski mm ngs punp(s) Weekl y

Sl udge punp(s) Weekl y
CPlI Separ at or

Parall el plates: fouling Weekl y

Ski nmrer weir: |evel Annual |y

Ski mm ngs punp(s) Weekl y

Sl udge punp(s) Weekl y
Fl ot ati on

Surface ski mer nechanism d Vi sual weekly; detailed

drive, flight, roller, beach annual |y

Bottom rake: flight Annual |'y

Pressurization punp and tank Weekl y

Back pressure valve: holds Weekl y

recommended back pressure

Sl udge val ve: operates freely, Weekl y

closes tightly

Ski mm ngs/ bottons punp(s) Weekl y

43




M L- HDBK- 1138

Parameters of concern are those that woul d be expected to be
renmoved or reduced across the separator: oil, grease, and total
suspended solids. Data obtained fromthe anal yses should be
plotted in a trend plot showi ng both influent and effl uent
concentrations. Effluent concentrations should be conpared with
i nfluent concentrations to detect performance deterioration and
wi th discharge permt limts obtained fromthe installation’s
environnental office to assess permt conpliance. Frequency of
separator effluent sanpling should be as required by the

di scharge permt. Influent sanple frequency should be the sane
as effluent sanpling frequency. At a mininmum twice nonthly is
recommended.

5.6 @ui dance Docunents. The foll ow ng docunents provide
addi ti onal guidance in operating and maintaining oil/water
separ at or s.

a) HQ AFCEE Vi deo, Proper Operation and M ntenance
of OQl/\Water Separator. Brooks AFB, DSN: 240-4214 (Wb address:
http://ww/ af cee. brooks. af . m|/pro_act). This video provides
instruction for installation personnel from Logistics,

Mai nt enance, and CE functions on the operation, effects of abuse,
and nmai ntenance of oil/water separators.

b) APl Publication 421, Design and Operation of
Q| /Water Separators, Anerican PetroleumlInstitute, February
1990. 1220 L Street, Northwest, Washington, D. C 22005.

c) HQ USAF/ CE Menorandum QO |/ Water Separator:
Oper ati ons, Mintenance and Construction, Cctober 21, 1994. This
meno i ncludes the Environnental Conpliance Policy for O/ Water
Separ ator Qperations, M ntenance, and Construction.

d) Thomas D. Aldridge, Jr. “Wat Is an O/ Water
Separator, and Wiy Do | Need One”? Pollution Equi pment News,
Decenber 1996.

e) HQ AFCEE ProAct Fact Sheet: QI/Water
Separators. (Wb address:
http:/ww. af ces. brooks. af. m |/ pro_act/ main//proact4. htm.
Decenber 1996. A Base-level Prevention Resource.

f) ETL 1110-3-466, Selection and Design of G| and
Wat er Separators. Departnment of Army, U S. Arny Corps of
Engi neers, Washington, D.C. 20314. August 24, 1994.
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Section 6: SEPTAGE MANAGEMENT

6.1 Sept age Managenent Alternatives. This section provides
informati on on the characteristics of septage, the nonitoring and
managenent of septage collected fromvarious |ocations and
delivered to the site, and various nethods typically used to
treat septage.

Approval nust be obtai ned from your environnmental
office before a treatnent systemreceives septage because the
treatment systemis likely to be disrupted fromthe high strength
of septage and because there is a potential for toxic conponents.

6.2 Septage Characterization. Septage is generally defined
as the liquid and solid material punped from septic tanks, grease
traps, pit privies, vault toilets, recreational vehicle disposal
stations, cesspools, and simlar holding tank | ocations while
they are being cleaned. Septage is not industrial waste. The
majority of the wastewater that is discharged to a septic tank is
absorbed into the surrounding drain field. The materi al
remaining in the tank is characterized by a high content of

organi cs, grease and other floatables, and grit. The quantity
and constituents of septage vary significantly depending on the
source and seasonal effects such as groundwater |evels.

The quality of septage can al so be negatively affected
by industrial contributions if significant concentrations of
i ndustrial process wastewater or by-products have been m xed with
a |load of septage. Therefore, to mnimze the potential for a
treatment plant upset or for discharge of toxic materials to the
envi ronnment, septage entering a treatnent facility should be
nmonitored in accordance with par. 6. 3.

6.2.1 Septage Quantity. The nobst accurate nethod for
estimating future septage quantities is to review historical data
fromlocal haulers. They should have records of the quantity of
sept age punped over specific periods. Septage quantities can

al so be estimated by nultiplying the nunber of residential septic
tanks in a service area by the average punpout volune per unit,
as follows:

No. of Septic Tanks x Typical Vol unme of Septic Tank
Punmpout | nterval

An average volune of a septic tank is approximately
750 gallons (2.8 cubic neters). A typical punpout interval for a
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residential honme is 3 to 5 years. Any known, significant
industrial, institutional, or commercial contributions would need
to be added to this estimated vol une.

The punpi ng of septic tanks is typically seasonal,
dependi ng on the geographic |ocation. Mst of the punping occurs
during periods of high groundwater or significant rainfall or
snowrelt. During the winter nonths in cold climtes, |ess
septage i s punped because of the problens associated with
| ocating and uncovering septic tanks under snow or in frozen
gr ound.

6.2.2 Characteristics of Septage. Septage can be generally
descri bed as having |l arge quantities of grease, oil, suspended
solids, organic matter and grit; foam ng upon agitation; being
anaer obi ¢ and odorous; being difficult to dewater; and having
poor settleability. Septage has a high waste strength because of
t he accunul ati on of scum and sludge in the tank.

The specific constituents of septage vary significantly
dependi ng on the source. Table 4 summari zes sept age
constituents, the range of concentrations of these constituents,
and typical design values used for septage treatnent facilities
(EPA Septage Treatnent and D sposal Handbook, OCctober 1984).

6.2.3 Conpari son of Septage and Donestic WAst ewat er
Characteristics. Mny of the constituents of septage are simlar
to those of donestic wastewater. Table 5 conpares septage and
donmesti c wastewater characteristics (EPA Septage Treatnent and

D sposal Handbook, October 1984). The primary difference is that
the constituents in septage are nore concentrated, including
greater amounts of organics, plastics, hair, and grit.

Therefore, depending on the volune of septage di scharged, septage
could inpart a significant demand on the wastewater treatnent
processes and increase the maintenance of pipes and equi pnment.
The organic | oading fromthe daily discharge of septage from one
1,000-gallon (4 cubic neters) tank truck is equivalent to a
donmestic wastewater flow of about 30,000 gallons (120 cubic
nmeters) per day.

6.3 Monitoring the Quantity and Quality of | ncom ng
Septage. Because of the variability of the constituents and
strength of septage, nonitoring incom ng septage i s necessary to
ensure its conpatibility with the downstream treat ment processes
and effluent and bi osolids disposal requirenents. Conprehensive
and organi zed procedures for nonitoring, sanpling, and
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recor dkeepi ng shoul d be established and custom zed for each
septage receiving and treatnent facility.

Table 4
Physi cal and Chem cal Characteristics of Septage(l), (2)
Suggest ed
Desi gn
Par anet er Aver age Range Val ue( 2)
TSS 12, 862 310 - 93, 378 15, 000
VSS 9, 027 95 - 51,500 10, 000
BODs 6, 480 440 - 78, 600 7,000
COD 31, 900 1,500 - 703, 000 15, 000
TKN 588 66 - 1, 060 700
NHz- N 97 3 - 116 100
Total P 210 20 - 760 250
Al kalinity [970 522 - 4,190 1, 000
G ease 5, 600 208 - 23, 368 8, 000
pH -- 1.5 - 12.6 6.0

Source: EPA Septage Treatnent and Di sposal Handbook,
Cct ober 1984

(1) Values expressed as ng/L, except for pH

(2) The data presented in this table were conpiled from many
sources. The inconsistency of individual data sets
results in sone skewing of the data and di screpanci es
when individual paraneters are conpared. This is taken
into account in offering suggested design val ues.

BODs = 5-day Bi ochem cal TKN = Tot al
oxygen demand Kj el dahl nitrogen

COD = Chem cal oxygen TSS = Tot al
demand suspended solids

NHz- N = Ammoni a-nitrogen  VSS = Vol atil e
P = Phosphor us suspended solids
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Tabl e 5

Conpari son of Septage and Donestic Wastewater (1)

Donesti c Rati o of Septage
Par anet er Sept age( 2) Wast ewat er to WAast ewat er
TSS 15, 000 220 68: 1
VSS 10, 000 165 61:1
BODs 7, 000 220 32:1
COoD 15, 000 500 30:1
TKN 700 40 17:1
NH;- N 100 25 4:1
Total P 250 8 31:1
Al kalinity 1, 000 100 10: 1
G ease 8, 000 100 80:1
pH 6.0 - - - -
Source: EPA Septage Treatnent and Di sposal Handbook,
Cct ober 1984
(1) Values expressed as ng/L, except for pH
(2) Based on suggested design values in Table 4.
BODs = 5-day Bi ochem cal TKN = Tot al
oxygen demand Kj el dahl nitrogen
COD = Chem cal oxygen TSS = Tot al
demand suspended solids
NHz- N = Ammoni a-nitrogen  VSS = Vol atile
P = Phosphor us suspended solids
6.3.1 Monitoring Procedures. Procedures should be

established to nonitor the volume and characteristics of incomng
septage flows. These procedures should generally include the
fol | ow ng:

a) Record the nane of the hauler
and the tinme of arrival.

the origin of the
sept age,

b) Record the septage vol une di scharged to the plant.
These records are inportant for review ng historical septage
flows projecting future flows and for estimating the discharge
fee to the hauler

c) Take a grab sanple of each truck | oad and anal yze

it, or refrigerate the sanple for possible future anal yses.
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d) Supervise the hauler’s activities during the
di scharge to the receiving facilities.

6.3.2 Sanpling. A sanple should be taken from each | oad of
septage discharged to the plant. The purpose for the sanpling is
to allow for inmmedi ate anal ysis of the septage if the waste is
suspect; to discourage the discharge of unacceptabl e waste by
openly displaying to the hauler that the septage is nonitored;
and to establish a trend analysis of septage characteristics by
periodically anal yzi ng sanpl es.

In nost cases, the sanple would not need to be anal yzed
imredi ately. It can be refrigerated for a period equal to the
detention tine through the treatnent plant. In sone cases,
however, especially where effluent discharge limts are very
stringent, a pHtest, toxicity screen, and m croscopic
exam nation to confirmthe presence of biological activity should
be performed on each | oad.

6.3.3 Recordkeeping. At a mninmum the follow ng records
related to the discharge and treatnent of septage should be kept:

a) The origin of the septage, including the nane,
address, and contact for the owner of the septic tank that was

punped
b) The volune of each | oad

c) The results of any anal yses perfornmed on the
septage and a sunmary of any unusual septage characteristics
observed, and

d) The nane of the hauling conpany and driver, permt
nunber (if applicable), and tinme of arrival.

6.4 Modes of Septage Treatnment. Because of the
simlarities in the characteristics of septage and donestic

wast ewat er, the sanme treatnent processes can be used to treat
both wastes. The septage can be added to the liquid stream

sl udge stream or both streans of a treatnent facility. The

sel ected node of septage addition will depend on the capacity and
type of processes at the facility. The ability of a treatnent
facility to treat septage is typically limted by the avail able
aeration and solids handling facility. Before the septage enters
the treatnment facility, it should be pretreated, including, at a
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m ni mum screening, equalization, and adequate blending with the
raw sewage

Septage can al so be chemcally stabilized by using linme
(CaO+) in a batch operation and by then applying the septage to a
permtted |land application site. Linme can effectively destroy
nost pat hogeni ¢ and odor - produci ng m croorgani snms and has been
shown to inprove dewaterability. The Code of Federal Regul ations
(Part 503) requires that, to |land-apply the septage, it nust be
mxed wwth the lime to raise the pHto 12 or higher for a m ni num
of 30 mnutes. Special sludge spreadi ng equi pnent i s necessary
to ensure an even application of the septage on the | and.
Because this treatnent nmethod would typically be independent of
t he donestic wastewater treatnent processes, it will not be
di scussed further in this section.

6.4.1 Estimating Treatnent Capacity. The avail able treatnent
capacity of a systemfor receiving and treating septage can be
estimated by calculating the difference between the design
capacity of the systemand the current |loading to the system
This information should be available in your environnental
office. Gven the estimted avail able capacity, the vol une of
septage that can be discharged to the treatnent system can be
estimated by using the suggested organic and nutrient
concentrations presented in Table 4.

For exanple, assune that the avail abl e treatnent
capacity of the treatnment systemwas cal cul ated to be 500 pounds
(227 kil ograns) per day of BOD. The volunme of septage that can
be di scharged to the systemcan be estimated by dividing the
500 pounds (227 kil ograns) by the estinmted BOD concentration in
septage of 6,500 ng/L (Table 4). This equates to an all owabl e
septage vol une of approxinmately 9,000 gallons (36 cubic neters)
per day [500 pounds per day x 1,000,000/(8.34 x 6,500 ng/L)].

6.4.2 Co- Treat ment of Septage in Liquid Stream  Septage
addition in the liquid streamis the nost comon nethod of
septage treatnment at a WMP. The screened and degritted septage
can be added upstream of the primary or the secondary treatnment
units. Adding septage upstreamof the primary treatnent units

w || decrease the organic and solids |oadings to the secondary
treatnent units (e.g. activated sludge systen) and will reduce
the potential for scum accunul ation in the downstream processes.
O her general considerations when addi ng septage to the liquid
stream i ncl ude the foll ow ng:
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a) Slug | oads versus continuous di scharge of septage.
The al | owabl e | oadi ngs shoul d be reduced by nearly one-half for
slug loadings. Estimating allowable | oadings is discussed in
par. 6.4.1. Because of shock organic | oadi ngs and ot her
undesirabl e process inpacts, slug |oads are not recomended.

b) Timng of discharge. |If the available primry
treatnent and secondary treatnent capacities are limted, the
septage could be netered into the plant during off-peak demands.

c) Utimte disposal fromthe treatnent facility. The
permt limtations or other requirenments for disposing of the
treatnment plant effluent and biosolids need to be considered when
accepting septage. The organic and inorganic constituents of the
septage may affect the effluent and biosolids quality, including
concentrations of BOD, TSS, nitrogen, phosphorus, and heavy
nmet al s.

d) Scum accunulation in the clarifiers. The scum
handl i ng equi pnent for the primary and secondary clarifiers
shoul d have the capacity to handl e the increased | oadings of oil,
grease, and fl oat abl es.

e) Increased sludge volunes. The volune of primary
and waste activated sludges wll increase. Therefore, the
processes and equi pnent used for handling the sludge should have
the capacity to accommopdate the increased sludge quantities.

f) Location of septage addition to a trickling filter
pl ant. Septage should be di scharged upstream of primary
clarifiers if trickling filters are used for secondary treatnent.
This will mnimze the potential for filter nedia fouling.

6.4.3 Co- Treatment of Septage in Solids Stream The screened
and degritted septage can be m xed and treated with primary and
secondary treatnent plant sludges. Adding septage to the solids
streamnearly elimnates any adverse effects on the liquid

treat nent processes and equi pnent. The undesirable constituents
of septage are kept out of the major flowstreans of the plant,
thereby requiring | ess operati on and mai nt enance.

Dependi ng on the ultinmte disposal nethod,
stabilization is normally required prior to disposal. The
septage can be treated using either aerobic or anaerobic
di gestion, the nost common net hods of sludge stabilization. The
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foll owi ng shoul d be consi dered when addi ng septage to the solids
stream

a) Increased sludge volunes. The volune of sl udges
W Il increase; therefore, the processes and equi pnment used for
handl i ng t he sludge should have the capacity to accommobdate the
i ncreased sl udge quantities.

b) Foam ng and odor problens. Foam ng and odors are
common with aerobic digestion. The extent of foam ng depends on
t he amount of detergents present in the septage.

6.5 Receiving Station. In addition to the high organic
content, septage typically contains hair and other stringy
material, grit, and plastics. Also, the volunme of septage | oads
di sposed of at treatment plants is highly variable. Therefore, a
septage receiving station with prelimnary treatnment and storage
and equalization capacity is highly recommended.

6.5.1 Receiving Station Description. The extent of
facilities necessary at a receiving station depends on the
quantity of septage received, the flows to the WMP, the
prelimnary treatnment available at the plant, the type of septage
treatment used, and the WMP processes. However, the primary
conponents in nost receiving stations should include the
fol | ow ng:

a) Dunpi ng station
b) Screening facility
c) Git renoval system

d) Ginder punp (if screening and grit renoval is not

present)
e) St orage and equalization capability
f) Lift station
g) Qdor control capability
6.5.2 Dunping Station. The purpose of the dunping station is

to provide for the unloading of incom ng septage that has been
transported to the plant via tank trucks. The dunping station
shoul d consi st of a truck unloading pad(s), an inlet hose or a
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grate, and washdown hoses. |In nost cases, the hauler will notify
t he operator upon arrival and provide pertinent information such
as nane of hauler, origin of septage, and certification, if
applicable. The nonitoring of septage quantity and quality, as
described in par 6.3, should take place at the dunping station.

6.5.3 Screening Facility. The septage typically flows by
gravity fromthe dunping station to the screening facility. The
pur pose of the screening facility is to renove the |arge solids
to protect the downstream treatnent processes and associ at ed
equi pnent. The screens, or “bar racks,” can be manual ly or
mechani cal |y cl eaned. Provisions should be available to
efficiently dewater and di spose of the screened materials. This
Will mnimze the potential for odors.

6.5.4 Git Renoval System The screened septage will flow by
gravity to the grit renoval system The purpose of the grit
removal facility is to separate the sand, gravel, cinders, food
particles, etc., fromthe septage while maintaining the organic
material in the main flow for downstreamtreatnment. Effective
grit renoval systens include aerated grit chanbers and vortex-
type chanbers. A grit renoval facility may not be necessary if
sufficient grit renoval is provided as part of the liquid or
solids process treatnent units.

6.5.5 Ginder Punp Stations. Ginder punps and ot her types
of wastewater grinders are sonmetinmes used for primary treatnent
inlieu of screening. Ginders screen and shred material into
smal l er sizes without renoving the particles fromthe flow
Ginders reduce odors, flies, and unsightliness often associ ated
wi th screening and essentially elimnate the steps of screening
removal and handl i ng, which may not be practical for smaller
treat ment systens.

Unfortunately, solids fromgrinders cause probl ens
downstream including deposits of plastics in sludge handling
facilities. Pulverized synthetic materials will not deconpose in
t he sl udge digestion process and therefore may affect sone sludge
di sposal nethods, especially Iand application. Using grinders
can also result in “ropes” or “balls” of material (particularly
rags) that can cl og downstream equi pnent such as pi pes,

di ffusers, punps, and aerators.

6.5.6 St orage and Equalization. The purpose of septage
hol di ng basins is to provide storage, equalization, and m xing
prior to further treatnent. Storing the septage will help reduce
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t he peak | oadings to the downstream processes and hel p mai ntain
t he appropriate bl ending of septage with the raw sewage. The
storage tanks also provide flexibility to store the septage |oad
whi | e anal yses are being perfornmed. Provisions should be made
for mxing the contents of the storage tank. The storage can be
provi ded either upstream or downstream of the screening and grit
removal facilities

6.5.7 Lift Station. A lift station is typically required to
punp the septage fromthe receiving station to the downstream
septage treatnent processes.

6.5.8 Qdor Control Capability. The extent of the odor

control that is required depends on the location of the facility
relative to the surrounding area and the |and use of that area.
Many of the odors can be mnimzed by foll owm ng good housekeepi ng
practices. The dunping area should be hosed down after each
delivery (preferably by the hauler), the bar screens should be
kept clean, and the waste solids renoved during pretreatnent
shoul d be dewatered and di sposed of as soon as practicable.

| f the odors are excessive and nust be elimnated, the
specific sources of the odor should be identified and contai ned,
and the odorous air should be vented to a treatnent unit.
Several treatnent technol ogies are available, including |liquid
chem cal scrubbers, activated carbon filters, biofilters, and the
addition of gases to a biological treatnent process.
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Section 7: EXTREME CLI MATE OPERATI ON

7.1 Effects of Extrene Cold Cimtes. Cold weather can
have significant and often severe adverse effects on the

mai nt enance, operations, and performance of WMPs. Tenperature-
dependent effects include physical, chem cal, and bi ol ogical
responses. O ten performance efficiency wll be affected by
extrene cold weat her, which can cause treatnent processes to
suffer. The structures and buildings will also be affected by
excessive snow | oads, snow drifting, ice formation, and rel ated
freezing of system conponents. These factors will affect the O&M
of the facility. Major cold weather operational problens can be
divided into four specific categories:

a) Changes in the viscosity of the wastewater and
equi pnent | ubricants

b) Reaction rate changes in physical, chem cal and
bi ol ogi cal processes

c) lce formation and freezing in process conmponents

d) Snow and i ce accunul ation on structures, control
equi pnent, roads and wal kways, and walls and berns

The potential for wnter and cold weather problens is
not limted to a particular type of treatnent process nor to any
particul ar size of treatnment plant. Table 6 lists areas within a
pl ant where cold weather may affect plant perfornmance,
oper ati ons, or maintenance.

Addi tional information about cold weather problens can
be found in U S. Arny Cold Regions Research and Engi neering
Laboratory (CRREL) Special Report 85-11, Prevention of Freezing
and O her Col d Weat her Probl ens at WAstewater Treatnent
Facilities.

7.2 Prelimnary Treatnent Processes. As wastewater enters
the treatnment plant, the prelimnary processes will be affected
by the cold water and freezing weather. These processes are
intended to renove | arge solids and abrasive material. The
failure of any of these units will affect downstream processes.
Therefore, it is inportant to keep these units working as
effectively as possible. This discussion is also applicable to
col l ection system punping stations that nmay be equi pped with
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Tabl e 7 suggests solutions to these cold

weat her probl ens.
Table 6
Treat nent Process Conponents Subject to Freezing Probl ens
Prelimnary Bi ol ogi cal Sol i ds
Tr eat ment Clarifiers |Reactors Managenment | Di sinfection
Punpi ng Primry Acti vat ed Di gestion Chl orination
sl udge
Screens Secondary Ext ended Dewat eri ng
aeration
Ginders Pol i shi ng Oxi dati on Di sposal
ponds di t ches
Git chanber [Ar Trickling
flotation filters
Fl ow Thi ckeners |Rotary
measur enent bi ol ogi cal
contactors
Fl ow Aer at ed
equal i zati on | agoons
Facul tative
| agoons
Source: U S. Arny CRREL Special Report 85-11 |
Table 7
Wnter Problens wwth Prelimnary Treatnent
Pr obl em Sol ution
| ce buildup in headworks area | Keep buil ding heated above 50°F
(10°C).
| ci ng of bar racks Cover inlet channel.

Flush with warm wat er.

Weat herstrip channels to reduce
cold air entry into buil ding.

Cl ean by hand frequently.

Use heat tape on |lines and

val ves.

Use proper flushing after
punpi ng truck

Use manhole to directly dunp

Septage punping lines freeze

into plant.

Do not handl e septage in
W nter.

Drain all lines.

Septage freezing in truck Pass engi ne exhaust through

truck tank to prevent freezing.
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Tabl e 7 (Conti nued)

W nt er
Pr obl em

Problenms with Prelimnary Treatnent

Sol uti on

Collected grit freezes

Icing of grit dewatering
equi pnent

Git machine freezes
Screened rags freeze
Spiral lift punps freeze
Screw punps freeze

Val ves and hoses freeze

Aut omati c sanpl er freezes

FI ow nmeasur enent device freezes

Fl oat for flow neasurenent
freezes

Git renoval
freezes

bypass channe

Water freezing at comm nutor

Doors frozen shut on
screeni ng encl osure because
of condensati on

Drain truck tank pipings and

val ves.

Store dunpsters in heated building
bef ore enptying.

Store truck inside.

Renove no grit in winter.

Duct kerosene heater into area.

Encl ose unit.

Renove regul arly by hand.

Run water on ice to reduce
bui | dup.

Install timer to “bunp” screw once
per hour.

Drain |ines.

Keep hoses on.

Pl ace sanpl er inside building

Do not use in severe cold.

Buil d insul ated structure heated
with Iight bulb. Insulate suction

lines. Purge lines after sanple

t aken.

Move sampl er location to decrease
exposure. Install suction lines to

give a straight fall

Use heat tape and gl ass fi ber
insulation on flow transmtter

I nsul at e chanber and heat with one
['i ght bul b.

Put heat tape on Parshal
I i nkage.

Heat with light bulb and insul ate.

flume

Add antifreeze to fl oat box.
Tenporarily switch flow to by-pass
channel, 30 m n/day or nore often
i f needed.

Bui | d pl exiglass structure to keep
i nfl uent warm

Put heat tape around door

encl osure.
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Tabl e 7 (Conti nued)
Wnter Problenms with Prelimnary Treatnent

Pr obl em Sol ution

Stairs above screw punps Pl ant policy requires al

are slippery fromicing operators to keep one hand free
condensati on at all tinmes to use rails.

Source: Taken in part fromU. S. Arny CRREL Special Report 85-11.

7.2.1 Screens and Ginders. Screens should be cleaned nore
frequently during cold weather, either automatically on timers or
manual |y, since the screenings will freeze to the netal bars.
Once this occurs, renmoving screenings fromthe bars is very
difficult. Mechanical nechanisns nmay al so becone jammed and

i noperabl e. \Wat herproofing or enclosing the area and providi ng
heat may be desirable.

Caution: Be aware of the potential for conbustible
materials entering with the wastewater. Provide proper
ventilation and equi pment to prevent explosive conditions.

Screenings may freeze to the sides and bottom of
containers; prevent this fromhappening if at all possible.
Ginders may bind because of ice if they are not run often
enough. Consider operating the grinders continually or often
enough to prevent ice buildup. Covering channels with rigid
insulating materials may contain enough heat fromthe wastewater
within the channel to prevent ice buildup on the grinder. GCear
oil viscosity will be affected by freezing weather. Follow the
manuf acturer’s recomendati ons for cold weather nai ntenance.
Condensation will also occur in the gear boxes of this equi pnent,
adversely affecting the gear oil. Check the oil routinely (tw ce
monthly) in the winter.

7.2.2 Git Renpval Processes. Operation of grit-handling
facilities may be very difficult during extrenely cold weat her.
The grit that is collected and transported will freeze easily in
t he equi pnment used to clean and nove it to the hol ding container.
Tenporary encl osures may assist in keeping the process warm |f
this process is to be enclosed, choose the materials carefully to
prevent dangerous or explosive conditions. Heat-tracing the
nmet al equi prent may hel p prevent ice buildup. Heat-tracing

i nvol ves wrapping an electrified wire | oop around the equi pnent.
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Runni ng warm wat er across cl eaning areas may al so prevent
freezi ng, dependi ng upon | ocal conditions.

7.2.3 Fl ow Measurenent. Freezing weather conditions may
cause the stilling well of flow neasurenent devices to freeze.
A solution of mneral oil, or a small anobunt of antifreeze or a
salt solution, will keep this stilling well liquid. Under |ow
flow conditions, sone of this antifreeze will drain out and may
need to be replenished periodically. Oher renedies are to
encl ose the area with rigid insulating board or plywood and to
use a light bulb for heat. Enclosing float wires wll prevent
them from freezi ng.

A layer of frost may coat ultrasonic sensors inside the
cone on the sensor head. Use a thin layer of petroleumjelly on
the face of the detector to prevent this problem Note that the
sensor should be recalibrated after the jelly is applied.

In systens that have an air bubbler systemto neasure the |evel
of water, condensate may becone trapped within the air line and
it my freeze. Heat-tracing the air line will prevent freezing
and condensate problens. Dry air will also help prevent
condensate freezing in the lines. Using a desiccant on the air
supply is recomended.

7.2.4 O her Prelimnary Treatnent Processes. Sonetinmes
septage trucks discharge material to the headworks of the plant.
To ensure that the di scharge hoses do not freeze, drain them
conpletely and hang themup so that water does not coll ect

inside. On fixed lines, heat tracing will prevent the liquid
fromfreezing. However, fixed lines should be installed with a
slope to drain. Septic trucks should be kept in heated garages
because they have many parts in which water may freeze, including
t he punps, valves, piping, and tank. Tankers shoul d be
conpletely enpty if they are left out in the freezing weather.

Aut omati ¢ sanpl ers should be housed in a heated and
i nsul ated conpartnment. Sanpler suction |ines should be heat
traced or enclosed in a heated space. A light bulb in the
sanpl er “shed” can supply enough heat to prevent the sanpler from
freezing. A small shelter the size of a doghouse nay be suitable
for this purpose, if it is insulated. Operate screw punps
routinely to prevent the shaft fromfreezing to the walls of the
chute. Rotate the screw punps a few turns every half hour to
ensure that they do not freeze. The rotation can be perfornmed
with a sinple tiner.
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7.3 Clarifiers. Carifiers are affected in several ways by
the decrease in seasonal tenperatures. The density of water
changes with tenperature, and this change affects the settling
characteristics of the solids. WMaterials at the surface of these
gui escent basins will tend to freeze. Wirs and | aunders may

al so freeze, dependi ng upon the anbi ent and wast ewat er
tenperature. Table 8 sumrarizes sone potential problens and
solutions associated with clarifier freezing.

7.3.1 Surface Freezing Conditions. The nost serious problem
associated wth clarifiers is freezing on the surface, surface
scum and ice buildup on the scum beach plate. These probl ens
damage ski mm ng nechani sns and nay even cause the clarifier rake
mechanismto fail. Check torque Iimts on the rake mechani sm
routinely and adjust themif necessary to ensure that they wll
work if ice affects the collector. Renoving the skimmng armin
wi nter may prevent this problem however, the problens of scum
freezing and renoval remain. Hot water sprays, heat tape, and
encl osed | anps may be val uable in addressing these probl ens.
Many times, ice nmust be carefully chopped off the surface of the
tanks and renoved to the | aunders.

Tabl e 8
Wnter Problens with Carifiers

Pr obl em Sol uti on

Scum i ne freezes Flush out with hot water. Use
sewer bag to free bl ockages.
Install automatic flushing

mechani sm
Scum trough freezes Cover exterior trough
Break ice into pieces and renove
by hand.
Install automatic flushing
mechani sm
Scum freezes on beaching plate Flush off with hot water
Di sconti nue scumrenoval in
W nter.

Shovel and hose down by hand.
If adjustable, decrease exposed
pl ate area.

I ce on beaching plate hangs up Renove ski mrer during w nter.
col l ector arm and danmages Renove i ce by hand.
mechani sm

Scum freezes on outside ring of Cover clarifier.

peripheral feed clarifier

Scum solidifies, won't fl ow Use warmwater to flush
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Tabl e 8 (Conti nued)
Wnter Problens with Carifiers

Pr obl em

Sol uti on

Scum freezes at center feed

Surface icing

lcing in idle units
lcing in gear units

Hoses and hydrants freeze

Traveling bridge controls
i ce-up
| cing of bus bar for bridges

Swi t ches on nonorakes freeze
Accurul ati on of snow on
nmonor ake rails stops wheel s
Aut omati c sanpler freezes

Waste activated sludge |ines
freeze

Install a warm wat er sprayer
to keep scum novi ng toward
ski mer .

Renove secondary arns to
prevent damage.

Keep clarifiers on 24
hour s/ day.

Renove thick ice with | ong-
armed backhoe.

Shorten detention tines.

Punp units dry routinely.
Install heat tapes on drain
l'ine.

Drain water in bullgear after
rain and when tenperature
rises.

Leave |ines on.

Drain lines after use.

Bui |l d encl osure over controls.

Install heat guns or warmair
bl ower .

Shut off units in snow and ice
to prevent freezing.

Shut down rake during

snowst orns and renove SNoOw.
Bui I d i nsul at ed boxes heated
with a 100-watt |ight bulb.
Locate |ines deeper.

Install proper drainage.

Source: Taken in part fromU. S. Arny CRREL Speci al

Caut i on:

Report 85-11.

Take care during this operation since

slippery footing, |oss of equipnment (attach lines and floats),
and damage may result during ice renoval

Covering clarifiers will elimnate many of these

potential problens.

When desi gni ng covers,

consi der snow | oads,
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weat her proofing of electrical controls, and the possibility of
humdity within the covers.

7.3.2 Mechani cal and El ectrical Equi pnent Protection. The
viscosity of lubricating oils will change as a result of freezing
tenperatures. The operator can either change the oil to suit the
expected tenperature range or use heat tape or immersion-type
heaters to maintain higher oil tenperatures. Sonetinmes multi-

vi scosity year-round synthetic oils may be appropriate. GCear
boxes tend to coll ect noisture and condensate, which may either
degrade lubrication oil or cause corrosion. This condition
shoul d be nonitored. Frost nmay arc across sone el ectrical
circuits; a small warmair fan at the notor control center vent

wi |l keep these conponents warmand dry if this is a |local issue.

7.3.3 Process Concerns. Settling characteristics change when
tenperatures lower; solids settle at a slower rate in col der
(near freezing) waters. Stoke's Law governs the physics of
settling in primary clarifiers, and it is affected by
tenperature. For exanple, when the tenperature drops from 68°F
(20°C) to 38°F (3°C), the settling tine for a particle increases 64
percent. Under these conditions, additional clarifiers may
facilitate the process. However, proceed wth caution because
the increased detention tine caused by additional clarifiers wll
result in lower water tenperatures and a higher risk of freezing.
If the solids loading is very high (above 2,000 mlligrans per
liter [nmg/L]), Stoke's Law does not apply.

7.4 Bi ol ogi cal Systens. Biological reaction rates depend
upon tenperature. A drop in tenperature of 10°C (18°F) decreases
the reaction rates by one-half. Mechani cal equi pnment providing
aeration is affected by freezing tenperatures, and ice nay affect
t he conponents. Table 9 suggests sonme solutions to freezing
probl ens in biol ogical systens.
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Table 9

W nt er

Probl ens with Biol ogi ca

Syst ens

Pr obl em

Sol uti on

| ce buildup on surface aerator

| mpel I er i1cing causing pondi ng
on fixed shroud

| ce buil dup on supporting
col utms causing rotating
shroud to pond on col unms
Cool i ng of m xed |iquor

lcing in idle tank damagi ng
structure

| ce buil dup on splash guard,
el ectrical conduit, and
wal kways

Decreased renpval efficiencies

Renove by hand.

Run on hi gh speed for

15 m nut es.

Turn off for 1/2 hour, allow
m xed |iquor to warm aerator
and turn on high speed.
Steamice off.

Bunp aerator on and off
careful ly.

Renmove shroud. lce will still
build up, but aerator wll not
be damaged.

Shorten detention tinmes; run

aerators on tiners.

Install tinmers on aerators.

Use diffused air instead of
surface aeration.

Renove sone aerator bl ades.

Fill tank 1 foot above baffle.
Install small sunp punp to keep
surface free of ice.

Exercise units regularly during
sunny days. Care nust be taken
not to damage units.

Use inner tubes to absorb ice
expansi on.

Bubble air to prevent freezing.
Use good snow and ice renova
procedures, salt.

Pl ant policy requires operators
to keep one hand free to hold
railing.

| ncrease MCRT, decrease F/ M

Source: Taken in part fromU.S.

Arnmy CRREL Special Report 85-11
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7.4.1 Activated Sl udge Systens. Cold weather does not affect
conventional activated sludge systens with a detention tine of

4 to 6 hours as significantly as systens with | onger detention
times. Extended aeration systens having detention tinmes of 10 to
24 hours wll experience a tenperature decrease that will affect
the biol ogical process. Systens that use diffused air for oxygen
transfer wll actually be adding heat to the systemin the air

fl ow, conversely, mechanical m xing systens wll have significant
t enperat ure decreases across the aeration basin as cold air is

m xed into the activated sludge. Take these tenperature changes
into consideration when sel ecting or changi ng aeration nethods in
a cold climate. Avoid ice buildup across the surface of the

basins. This buildup will limt the oxygen transfer and may
interfere with m xing equi pnent. Renoving floating scum before
winter will help prevent this extra material fromfreezing in the

aer ati on basin.

In cases where the tenperature is affecting the
process, changes to the process control are required. Process
adj ustnmrents woul d i nclude increases to the nean cell residence
time (MCRT) or a decrease in the food-to-mcroorganismratio
(F/M to maintain the sane process performance and | oadi ng rates.

| ce buil dup around nechani cal aeration equi prent w ||
al so affect safety and may overl oad equipnment if it attaches to
equi pnent surfaces. Continuous operation of mechanical m xers at
| ow speed or intermttent operation will reduce the oxygen
transfer and reduce ice buildup. Monitor oxygen concentration
closely if this method is attenpted. Heat tracing the conponents
may al so be hel pful

7.4.2 Fixed Film Treatnment Systens. In trickling filter
plants, the potential for icing is very high. In winter, turn
off the draft in forced-draft systens unless a source of warmair
i s avail abl e.

Note: The forced draft systens are used primarily when
the outside air is less than 5°F (3°C) above or bel ow the process
liquid tenperature. |If ice forns within the unit, flood it to
melt the ice. Take care when flooding the nedia, and be cauti ous
of structural |oading as well as |eaking and overl oaded punpi ng
systens, gates, and valves. |Ice can formon the top of the
medi a, which may affect the distributor arm Covers are advised
in extrenely cold areas to prevent this situation
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Rot ati ng bi ol ogi cal contactors (RBCs) are usually
covered to control odors, but keep the covers in good condition
to keep the heat within the wastewater. |If the RBCs do not
al ready have covers, install themto keep the nedia fromfreezing
and affecting the shaft wth additional |oading and potenti al
failure.

7.4.3 Lagoon Systens. Aerated |lagoons will typically freeze
during the wnter. Renove nechanical mxers to prevent themfrom
becom ng covered with ice and turning over or sinking. Renove
any baffles as well, or be prepared to repair themin the spring.
Because the ice will affect the depth of the |agoon, w nter
operations should be run at the highest liquid | evels possible to
i ncrease | agoon vol une. Because of the ice coverage, little to
no al gae activity will occur under the ice and snow. Adding the
| oner water tenperature to the situation, |agoon performance in
the winter may be marginal. Wth the rise in spring
tenperatures, the lagoons will have a liquid turnover, with a
possi bl e washout of solids.

7.5 Di sinfection. Chlorine gas cylinders need to be in a
heat ed envi ronnment because evaporation chills the contents when
the gas vaporizes in the tank. The EPA recommends keeping the
tenperature of the chlorine roomno | ower than 50°F (10°C).

Ext ernal heat sources should not be too high (cylinders should
not be higher than 158°F [70°C]), but heat should be considered if
it will solve the vaporization problem Hypochlorite tablets
will dissolve nore slowly in cold water. Additional tablets may
be necessary to achieve the proper levels of disinfection. Al
lines carrying disinfection chem cals and sol utions should be
heat -traced where they are exposed to freezing conditions.

Table 10 lists disinfection freezing problens and renedies.

Tabl e 10
Wnter Disinfection Problens
Probl em Sol ution
Feed lines freeze Encl ose all storage and

punping facilities in a
heat ed bui |l di ng.

Hypochl orite sol ution Keep in heated room above
crystallizes in punps and pipes |65°F (18°C).

Surface contact chanber freezes | Cover and insul ate tanks.

Source: Taken in part fromU. S. Arny CRREL Special Report 85-11.
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7.6 Sol i ds Managenent. Solids digestion is a biological
process that slows down as a result of decreasing process
tenperatures. Solids processing equi pnent exposed to the
elements will be adversely affected by freezi ng weat her.

Tabl e 11 summari zes probl ens associated wth solids nmanagenent in
w nter and offers possible sol utions.

Table 11
Wnter Problens with Solids Managenent
Probl em Sol ution
Unabl e to use solids drying Cover beds.
beds in winter; beds freeze
Not able to apply solids to Stockpile solids in winter
land in w nter nont hs.
Aer obi ¢ digester freezes if Cover tank.
bl ower is shut off to allow Decant smal | er amounts nore
t hi ckeni ng by decanti ng of ten.
Solids m xture freezes in tank | Run nechani cal agitator
over ni ght.
lce fornms on digesters | nsul ate better
lcing in gravity thickener Run final effluent to keep
hydraul i ¢ | oadi ng hi gher.
Solids holding tank freezes Take offline during wnter.
Solids freeze on truck Use truck body heated with
exhaust gases.
Solids lines freeze; valves Drain lines correctly.
freeze D smantl e and t haw val ve.
Put heat tape on lines.
| ncrease return rates.
Hol di ng tanks too small to Use spare clarifier of
| ast winter oxi dation ditch.
Ext ensi ve heat |oss from | mprove insul ation.
anaer obi c di gester
Qperating tenperature could Cover pile and insul ate.
not be reached in a new M x solids and wood chips with
conpost pile hot conpost.
Bl ow hot exhaust from wor ki ng
pile into new pile.

Source: Taken in part fromU. S. Arny CRREL Special Report 85-11.

7.6.1 Aerobic Digesters. Aerobic digesters will operate at
| oner efficiencies. Longer detention tinmes will be required to
obtain the needed | evels of stabilization. D gester solids
concentrations should be increased to accommbdat e these changes.
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Thus, decanting the digesters may take longer as a result of
i ncreases in viscosity.

7.6.2 Anaerobic Digesters. It will take nore energy to keep
the contents up to the processing tenperature because of the

| onwer feed tenperature. Tank insulation (dome and sides) wll
need to be inspected in the fall of each year and repaired as
needed.

7.6.3 Dewatering. Dewatering on drying beds can take | onger
because of freezing beds. Wiere solids drying is necessary,
maxi m ze the dewatering in the warnmer and dryer summer nonths.

It is often faster to apply thin layers of solids, allowthe
solids to dry, clean the beds, and reapply solids than to apply
one thick layer. |f adequate capacity exists, keeping the solids
on the frozen beds throughout the winter is satisfactory.

7.6.4 Equi pent Mai ntenance. All equi pnent that contains
solids m xtures and can be exposed to freezing tenperatures
shoul d be insul ated and heat-taped. |If equipnent is not required

during the winter, drain it conpletely and store it for the
season. Equi pnent in which condensate can coll ect should be
enptied often to prevent freezing. For exanple, enclosed
cabinets (switch gears, nechanical enclosures, and pneunatic
systens, etc.) that are exposed to liquid streans in which
condensati on may be generated should be either heat traced,
drained, or isolated fromthe condensati on source.

7.6.5 Concrete Repair. Concrete exposed to repeated
freeze/thaw cycles is subject to cracking and spalling. In

envi ronnmental type structures, the concrete becones saturated
with water. Wen tenperatures drop below freezing, the water in
the concrete pores will freeze. As the water freezes, it expands
and exerts pressure on the concrete. Wen the pressure exceeds
the tensile strength of the concrete, it cracks. The cracks get
alittle larger each tine the concrete freezes. Wen the water
thaws out, the water shrinks, |eaving void areas in the cracks.
Through capillary action the crack fills up with nore water.
Repeat ed freezing and thawi ng nakes the cracks get |arger until
the concrete spalls off.

Smal | spalled areas that do not expose the reinforcing
are not significant since their effect is nore cosnetic than
structural. Small spalls should be repaired as part of routine
facility mai ntenance. Patch the concrete with a polyner-
nmodi fied, silica funme enhanced nortar such as Sika Mono Top
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(manuf actured by Sika Corporation, Lyndhurst, New Jersey), or
Emaco (manufactured by Master Builders Inc., Ceveland, Chio).
Al'l 1 oose concrete should be renoved and the concrete surface
cl eaned and prepared as required by the repair nortar
manuf act urer.

If the spalling is extensive, if the concrete is
cracked and | eaking, or if the reinforcing steel is corroded, a
concrete repair specialist should be consulted. The speciali st
IS needed to evaluate the cause of the problemand to specify the
appropriate repair. Patching spalled concrete created by
corrosion in the reinforcing will only lead to the patch failing
if the corrosion is not addressed first. Cracks in the concrete
can be effectively repaired only when the cause of the crack is
determned. Oherw se, the crack may just formin another
| ocation next to the repaired crack.
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Section 8: CORROSI ON CONTROL

8.1 Causes of Corrosion. Mst corrosion present around a
WMP is called agqueous corrosion because it occurs in a wet or
danp environnent. O her fornms of corrosion, such as high
tenperature corrosion, are not usually found in a WMP. Agueous
corrosion can occur on netal surfaces that are a) subnmerged in
water, b) buried in the earth, or c) wet from surface noisture,
such as rain water, condensation, or high humdity. The rate at
whi ch the corrosion occurs depends on the anmount of noisture
present and what chemi cals or other contam nants are present in
that noi sture. Aqueous corrosion is also called el ectrochem cal
corrosion.

8.1.1 El ectrochem cal Corrosion. Electrochem cal corrosion
derives its nane fromthe electrical current ("electro") that is
flow ng and the chem cal reactions that occur at the sanme tine.
The flow of current is critical, since the anmount of current
flowng in a corrosion cell wll affect the amount of netal that
will be corroded. Corrosion currents are direct currents (DC)
controlled by Chmis Law. Chmis Law states that the voltage

(E, volts) is equal to the current (I, anperes) tines the

resi stance (R, ohns). The current floww !l be directly affected
by the resistance of the corrosion circuit. Wistewater is nore
conductive than distilled water; therefore, a corrosion cell in
wastewater will be nore active than in distilled water.

For an el ectrochem cal corrosion cell to exist, four
el ements nmust be present:

a) an anode or corrodi ng surface;
b) a cat hode or noncorrodi ng surface;

c) a netallic connection between the anode and
cat hode surfaces; and

d) a common el ectrolyte, which contains both the
anode and cat hode surf aces.
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The anode/ cat hode surfaces can exi st on the sanme piece
of nmetal and can be very close to each other or at a great
di stance from each other. The connection, in a single piece of

metal, is the netal itself. The typical electrochem ca

corrosion cell is showmn on Figure 7. The electrolyte can be any
medi a capabl e of conducting an electrical current. |If the netal
is buried, the electrolyte is the soil; if the netal is submerged

in wastewater, the wastewater acts as the el ectrolyte.

If one or nore of the four elenents is elimnated, then
corrosion cannot occur. As discussed below, this fact plays an
inportant role in controlling corrosion. For exanple, if a
pipeline is buried in the soil, many areas of anodes and cat hodes
w Il be present on the surface of the pipeline. These areas are
devel oped during the process of producing the pipe and cannot be
elimnated. The connection between the anodes and cat hodes
cannot be broken, since the pipe wall serves this purpose.
However, if the outside of the pipe is coated with a protective
coating or wapped with pipeline tape, the pipe surface will be
i sol ated or separated fromcontact with the soil (electrolyte).
| solating the pipe fromthe electrolyte elimnates one of the
el ements necessary for corrosion. Therefore corrosion cannot
occur, even though the anodes, cathodes and connections still
exi st on the pipe. Methods of handling coating defects are
di scussed bel ow.
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Figure 7
El ectrochem cal Corrosion Cel
8.1.2 Ei ght Forns of Corrosion. It is possible to classify
several forns of corrosion, based on the general appearance of
the corroded netal. |In nost cases, the forns can be identified

wi th the naked eye, but magnification can help. Not every form
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of corrosion is likely to be seen in a WMP, but it is helpful to
know each formand be able to recognize it in case it occurs.
The eight fornms of corrosion are unique but are often
i nterrel at ed:

a) Uni f or m corrosi on

b) Gal vani ¢ corrosion

c) Crevi ce corrosion

d) Pitting corrosion

e) I nt ergranul ar corrosion

f) Sel ective | eachi ng

g) Er osi on corrosion

h) Stress corrosion
8.1.2.1 Uniform Corrosion. Uniformcorrosion is one of the
nost common forns of corrosion and probably accounts for the
greatest corrosion loss in the world. It is generally
characterized by an el ectrochem cal reaction that proceeds

uniformy over all exposed surfaces. Uniformcorrosion can be
predicted with sinple tests, and accurate estinmates of equi pnent

life may be made. It is easily controlled by selection of proper
materials and by use of protective coatings, inhibitors, and
cathodic protection (discussed in par. 8.2). In a WMP, exanples

of uniform corrosion would include unpainted steel tanks and
structures that are allowed to corrode in the atnosphere,
resulting in heavy, flaky rusting of all exposed surfaces.

8.1.2.2 Galvanic Corrosion. Oten referred to as two-netal
corrosion, galvanic corrosion involves two or nore netal s that
are electrically connected together in an electrolyte. Galvanic
corrosion is the second nost common form of corrosion. Wenever
two netal s are connected together, one behaves as an anode and is
al ways corroded, while the other behaves as a cathode and is not
corroded. A typical galvanic corrosion cell is shown in

Figure 8. This figure is very simlar to Figure 7, except that

t he anodes/cat hodes are replaced with specific nmetals. Wich
nmet al becones the anode and which the cat hode depends upon their
position in the galvanic series of netals (see Table 12). For
exanple, if a copper valve is installed in a steel pipeline, the
steel will always be the anode, since it is lower in the galvanic
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series than is the copper. Therefore, the steel will corrode in
preference to the copper. |If two netals are very close to each
other in the galvanic series, the resultant corrosion wl|l
probably not be too serious. The conductivity of the electrolyte
will also affect the corrosion cell; increasing conductivity

i ncreases the corrosion activity. The ratio of the surface area
of the two netals involved will also affect the corrosion rate.
Large anode surfaces to small cathode surfaces is preferable to
the opposite ratio.

Gal vanic corrosion is commonly found in WMPs. Control
gal vanic corrosion using the follow ng procedures:

a) Select materials that are close together in the
gal vani ¢ seri es.

b) Electrically isolate the two netals from each
other by installing insulating flanges or unions.

c) Maintain a | arge surface area of the anodic netal
conpared with the surface area of the cathodic netal

d) Paint the nmetals to reduce the surface areas
exposed. It is preferable to paint the cathode to maintain a
| arge surface area of the anode netal

e) Introduce a third netal into the circuit that is
nore anodic than either of the original netals (lower in the
gal vanic series). This formof cathodic protection is discussed
in detail in ML-HDBK-1004/10, Electrical Engineering Cathodic
Protecti on.
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Figure 8

Gl vani ¢ Corrosi on Cel
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Tabl e 12
Practical Galvanic Series of Metals

Pl ati num CATHODI C
CGol d

G aphite

Ti tani um

Silver

Stai nl ess steel (passive)

Ni ckel (passive)

Copper and its alloys

Tin

Lead

Cast iron

Steel or iron

Al um num al | oys

Zi nc

Magnesi um al | oys ANCDI C

8.1.2.3 Crevice Corrosion. GCrevice corrosion is a very intense
formof corrosion that is localized within a small crevice or
shielded area. Crevice corrosion typically devel ops in gasketed
surfaces, within lap joints, under sludge deposits, or under bolt
heads. The crevice nust be w de enough to permt the fluid to
enter but small enough to create a stagnant condition.

Metals that rely on oxide filns for their corrosion
resi stance (stainless steels and al um nun) are prone to
devel oping crevice corrosion. |If chlorides are present in the
wast ewat er (possible in WMPs near sea-coast installations), they
will tend to accel erate breakdown of the oxide filmand lead to
crevice corrosion. The use of Type 316 stainless steel instead
of Type 304 will provide inproved resistance to chloride-
initiated crevice corrosion.

Prevent or mnim ze crevice corrosion using the
foll ow ng techni ques:

a) Use wel ded connections instead of bolted
connecti ons.

b) Use continuous welds instead of stitch welds.
c) Do not allow solids to settle out in vessels.

d) Use gaskets that do not wi ck or absorb fl uids.
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e) For buried structures, provide uniform clean
backfill material.

8.1.2. 4 Pitting Corrosion. This formof corrosion is extrenely
| ocalized and is very destructive because a deceptively smal

area of the netal surface is corroded. However, pitting
corrosion can penetrate the netal wall and |ead to | eaks.

Pitting corrosion is difficult to predict because the conditions
that initiate pitting may not always be present (they may be
intermttent or may suddenly arise). The rate of material |oss
in the pit generally increases as the pitting continues, causing
pit depth to increase rapidly. Pitting corrosion is nore easily
initiated in stagnant or lowflow conditions. Oten pitting wll
devel op under deposits that settle in the bottons of pipes and
tanks or under material that nmay be splashed onto a surface.
Pitting corrosion will also occur at holidays (holes) in
protective coatings.

Metals that rely on oxide filnms for their corrosion
resi stance (stainless steels and alum nun) are prone to

devel oping pitting corrosion. In WMPs, stainless steel or
al um num sl i de gates, handrails, or other conponents often
devel op pits, which initiate under a deposit. |If chlorides are

present in the wastewater (possible in WMPs near sea-coast
installations), they will tend to accel erate breakdown of the
oxide filmand lead to pitting corrosion. The use of Type 316
stainless steel instead of Type 304 will provide inproved
resistance to chloride-initiated pitting corrosion.

8.1.2.5 I ntergranul ar Corrosion. Intergranular corrosion is
not usually encountered in the environnents typically found in
WMPs. Under certain conditions, the corrosion experienced wll
be concentrated at the grain boundaries of the netal rather than
uniformy across the surface. Gain boundaries nost commonly
beconme nore sensitive to corrosion because of wel ding during
fabrication. For this reason, intergranular corrosion may al so
be called weld decay, weld attack, weld corrosion, or corrosion
of the heat-affect zone.

I ntergranul ar corrosion often occurs with stainless
steel s, which devel op sensitized areas around the wel ds because
of depletion of one of the alloying elenments in the stainless
steel. The use of the | ow carbon grade of stainless steel
(1.e., Type 304L or Type 316L) will wusually control this problem
O her nmethods include heat-treatnent after fabrication or with
the use of stabilized stainless steels. Intergranular corrosion
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usual |y occurs in very aggressive environnments that are not
comonly found in WMPs.

8.1.2.6 Sel ective Leaching. Selective leaching is the renoval
of one elenent froma solid alloy by the corrosion process. The
results are unusual because the corroded netal may not show any
obvi ous signs of corrosion. Brass alloys are conposed primarily
of zinc and copper. Selective corrosion of the zinc fromthe
alloy (dezincification) wll cause areas of the alloy to take on
a red, coppery color in contrast to the yellow color of the
brass. The result is a weak, porous, and brittle materi al.
Brasses containing nore than 85 percent copper are resistant to
this formof corrosion

Cast iron and, to a | esser degree, ductile iron
sonetinmes show the effects of selective | eaching, called
graphitization. This is the result of selective |eaching of the
iron matrix in the cast iron, leaving a weak, brittle, graphite
structure. This type of corrosion is often seen with buried or
subner ged pipelines, sluice gates, and other cast structures in a
WMP. Gaphitization can be readily detected by a soft graphite
structure that can be cut with a knife. The use of protective
coatings and cathodic protection easily controls this form of
corrosion.

8.1.2.7 Erosi on Corrosion. Erosion corrosion is usually the
result of novenent between a corrosive nedia and a netal surface.
Most netal s are susceptible to erosion corrosion, dependi ng upon
their critical velocity. |If particles are entrained in the fluid
stream (grit streans or sludge streans), erosion corrosion wll
be accelerated. Typical |ocations for erosion corrosion are
areas of higher velocities, such as:

a) Pi pi ng systens, especially at el bows and tees
b) Across val ves, especially throttling val ves
c) Punps

d) Propell ers, mxers, inpellers

e) Orifices and nozzl es

f) Inlets to heat exchanger tubes

O her fornms of erosion corrosion are fretting corrosion
and cavitation. Control erosion corrosion by mnimzing the
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velocities of fluids, selecting materials that are nore
resi stant, or providing special coatings (such as hard-facing
metals or ceram cs) or rubber |inings.

8.1.2.8 Stress Corrosion. This type of corrosion has a nunber
of different names: stress corrosion cracking (SCC), chloride
stress cracking (CSC), caustic enbrittlenent, and season
cracking. Stress cracking failures can be very sudden, dramatic,
and serious, partly because there are often no outward signs of
failure. Stress corrosion occurs under tensile stress in a
corrosive environnent. The stresses can be applied stresses,
resi dual stresses (fromfabrication), thermal stresses, or

| ocalized stresses fromwel ding operations. Wth stainless
steels, chlorides can be an initiator; wth carbon steel, sodium
hydroxi de can initiate failure (caustic enbrittlenent).

Prevent stress corrosion by providing stress relief,
using nore resistant materials, applying cathodic protection, or
using inhibitors. Corrosion fatigue is another form of stress
corrosion that occurs after repeated, cyclic stresses. |In WMPs,
stress corrosion can occur in sodium hydroxide facilities or in
incinerator units wthout proper stress relief.

8.2 Control and M nim zation of Corrosion. Wth a basic
under st andi ng of el ectrochem cal corrosion, it is easier to
under st and how vari ous nethods of corrosion control work. One of
the primary nmethods to control corrosion is to isolate the
structure fromits environnment (electrolyte) by applying
protective coating systens (the ternms “coating” and “painting”
wi |l be used interchangeably in this docunment; both refer to
hi gh- perf ormance products). However, even wth a high-quality
coating system sone deficiencies can exist, requiring the
application of cathodic protection to certain structures. The
conbi nati on of good protective coatings and adequate cathodic
protection can provide good, |ong-term performance in the
aggressive environnent of a WMP.

8.2.1 Protective Coatings. The nost inportant conponent of a
coating is the vehicle, or organic polynmer base. This is the
material that fornms the continuous filmover the substrate and
protects against corrosion. Common pol yner bases include al kyd,
epoxy, polyurethane, acrylic, and silicone. These vehicles my
be nodified with other materials to form conbi nati ons, such as
coal -tar epoxy. See M L-HDBK-1110, Paints and Protective
Coatings for Facilities, for nore information on selection and
application of protective coatings.
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When dealing with coating systens in an exi sting WMP,
it is very inportant to know the generic vehicle type used in the
coating. Conpatibility between coatings is critical.
| nconpati bl e coatings can lead to failures. Generic coatings
commonly used in WAMP include the foll ow ng:

a) Coal -tar Epoxy. Used extensively in imrersion
applications in wastewater and m|ld chem cal exposures, coal-tar
epoxy is generally considered to be a self-primng materi al,
applied in tw coats of 8 mls (0.008 inches) each.

b) Pol yam de Epoxy. Available as a priner,
internmediate, or finish coats, Polyam de epoxy is used in nore
aggressive environments. Primers are generally about 2 mls
thick; internmediate coats may be 4 to 6 mls thick; finish coats
2to 4 mls thick. Epoxy coatings tend to chal k when exposed to
sunl i ght.

c) Pol yur et hane. Pol yurethane is an excellent, hard
coating that has very good color and gloss retention. It is used
extensively over epoxy prinmers and is suitable in all but the
nMost aggressive environnents.

d) Al kyd. This excellent coating system has been
used for many years on original equipnment. Al kyd coating can
work in many areas of a WMP, but not in imrersion, high humdity
environments, or in exposures to strong alkalis, such as sodi um
hydr oxi de or I|ine.

When sel ecting coatings, consider the entire system
whi ch includes surface preparation, prine coat, and internedi ate
and finish coats. Good surface preparation is critical for a
successful coating application and good perfornmance. However,
when dealing with existing surfaces, conprom ses may be required.

8.2.1.1 Surface Preparation. The preparation of the surface is
the nost inportant variable in good coating performnce.

Whenever an existing coating systemhas failed significantly, it
is reconmended that the surface be cleaned to bare netal.
Recoati ng of an existing painted surface will require cleaning to
renmove all surface contam nation plus roughing of the surface to
achi eve a good bond of the new coating application.

Excel l ent guides for surface preparation are avail able
fromM L-HDBK-1110 and the Steel Structures Painting Counci
(SSPC). Table 13 summarizes the SSPC Surface Preparation
St andards. These standards should be followed for all surface
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preparation of nmetal substrates that are to be painted. In
addition to surface cleanliness, the surface profile (roughness)
nmust al so be specified. Refer to the coating manufacturer’s
requirenents for the specific profile.

Al t hough the SSPC standards are specifically addressed
to steel substrates, sone of the standards are commonly used for
concrete substrates. SSPC SP12 specifically is not limted to
steel .

Table 13
Surface Preparation Standards

Designation [Title Typi cal Uses

SSPC SP1 Sol vent C eani ng For all surfaces

SSPC SP2 Hand Tool d eaning Wher e abrasive blasting
not permtted

SSPC SP3 Power Tool C eaning Wher e abrasi ve blasting
not permtted

SSPC SP5 Wiite Metal Blast Ceaning | For imrersion service

SSPC SP6 Comrerci al Bl ast C eaning Noncritical areas

SSPC SP7 Brush-Of Bl ast C eani ng New concrete

SSPC SP8 Pi ckl i ng For hot dip gal vani zed

SSPC SP10 Near -White Bl ast C eaning Non- i mrer si on, but
critical service

SSPC SP11 Power Tool to Bare Metal Speci al, non-i nmersion

SSPC SP12 Hi gh- and U trahi gh- General cl ean-up;

Pressure Water Jetting exi sting concrete

8.2.1.2 Coating Systens for Metals. Maintenance of coating
systens in WMPs depends upon a nunber of factors: 1) know ng
the specific coating systens that currently exist within the
plant; 2) inplenenting an active inspection program and

3) providing a good mai ntenance painting program M ntenance
pai nting operations are different than new construction painting
operations. Wth a proper maintenance painting program total
recoating is generally unusual rather than nornal.

| nspection of all coating surfaces should be perforned
routinely. Be observant for the first signs of coating
breakdown, such as rust staining and streaking, blistering of
coating, peeling of coating, and other signs of deterioration.
Coatings on steel substrates will generally show the first signs
of failure at sharp edges, such as edges of structural steel,
adj acent to welds, and around threads of bolts and edges of nuts.
Failures on flat surfaces take nmuch |longer to develop. 1In
i mrersion service, coating failures also develop first at edges

78




M L- HDBK- 1138

but can al so devel op on flat surfaces because of inperfections
and defects. Linings in tanks and vessels are especially
critical.

8.2.1.3 Coating Systens for Concrete. Coating concrete
surfaces for nerely cosnetic purposes should be discouraged
because of increased mai ntenance costs. The coating systens for
concrete surfaces in contact with |iquids should be coal -tar
epoxy or pol yam de epoxy. Maintenance of coating systens on
concrete substrates generally follows the general procedures used
on steel substrates. However, breakdown of coatings on concrete
can |l ead to absorption of the fluids into the concrete substrate,
maki ng surface preparation nore difficult. |In addition, mnor
defects in the coating do not devel op rust staining, as they do
on steel substrates. Therefore, it is nore critical to maintain
a regular inspection program

Most chem cal storage areas will have concrete
containment walls to contain potential spills of the tank
contents. These contai nnment surfaces nust be coated with a
suitabl e coating system capable of withstanding the spilled
chem cal. Most nonolithic (bonded) coatings will mrror any
cracks that may develop in the concrete. Visually inspect these
areas to detect any leaks of spills through the concrete.

8.2.1.4 Coating Application. Hi gh-quality coatings can usually
be applied using the nbost commobn coating techni ques:

a) Brush application

b) Rol | er application

c) Conventional spray application

d) Airl ess spray application

e) Trowel application (often for floor coatings)

Because nost coating systens are conplex, the m xing
and application of coatings requires considerabl e experience.
It is generally recommended that coating application be left to
qual i fied applicators.

Rout i ne mai nt enance can be perforned before coating
failures reach the point of requiring major repainting by an
outside contractor. Wth regular inspection, touch-up of damaged
coatings can be performed using the appropriate, conpatible
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coating system Cenerally, adequate surface preparation can be
acconplished with power or hand tools (SSPC SP2, SSPC SP3, or
SSPC SP11). Surfaces should al so be washed to renove any surface
contam nation. Application of touch-up paint can best be
acconplished by brush or roller. The newy applied paint should
carry over onto the sound, old painted surfaces. The coating
manuf acturer or his or her representative can provide
recommendat i ons and gui delines for m xing and applying the
coat i ngs.

8.2.2 Cat hodic Protection. Cathodic protection systens are
generally provided for all critical equipnment. Oten this

equi pnent includes buried pipelines. Cathodic protection may
al so be used on subnerged equi pnent, such as clarifier rake
mechani snms. Cat hodi c protection provides additional corrosion
protection, supplenenting the normal protection offered by
protective coating systens. Refer to M L-HDBK-1004/10.

Cat hodi c protection systens generally require a certain
anount of maintenance to ensure that the systens continue to
operate at design levels. O&M personnel need to be aware of any
cathodi c protection systens at the WMP. M L-HDBK-1136, Cathodic
Protection Operations and Mii ntenance, provides specific
procedures that nust be foll owed.

8.2.3 Materials of Construction. Mich of a typical WMP
consi sts of cast-in-place concrete structures. Wth a few
exceptions, concrete perforns well in the environnents associ ated

with WMPs. O her common construction materials also do well but
require careful selection and mai ntenance to achieve |ong-term
service life. The wastewater associated with treatnment plants is
usual |y not extrenely aggressive, unless the facility receives
wastewater fromcertain industrial operations. However, hydrogen
sulfide is everpresent and nust be recogni zed, especially in the
vapor areas above the wastewater surface. The wastewater surface
line in steel tanks is typically one of the first areas to becone
susceptible to corrosion. Were the wastewater is agitated or
falls over weirs, hydrogen sulfide is released. Any condensate
formed will be very acidic and therefore aggressive to concrete
and unprotected carbon steel.

Performregul ar inspection of the concrete and steel
surfaces in these aggressive areas and take appropriate action
when significant corrosion becones evident. Corrosion of netal
surfaces usually occurs faster than on concrete surfaces and
corrective action should be perforned as soon as possible. 1In
the case of concrete, the application of protective coatings is
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usually required. For netals, use of protective coatings,
application of cathodic protection, or replacenent wth nore
resistant netals may be appropriate.

8.2.3.1 Metals. The following netals are used extensively
in WMPs:

a) Ductile iron pipe, both lined (cenent-nortar) and
unlined. Coatings and cathodic protection nay or may not be
required.

b) Steel pipe, generally lined with coal -tar epoxy.
Buried steel pipe usually requires external coatings,
suppl enmented with cathodic protection.

c) Carbon steel structural. Al ways requires
protective coatings.

d) Al um num used i n nost atnospheric exposures, such
as |l adders, grating, handrails, and covers. Protective coatings
are normal ly not required.

e) Stainless steels, usually Type 304 or Type 316.
If there are high chlorides in the wastewater, Type 316 is
usual ly required. |[If considerable fabrication is involved,
specify the | ow carbon (L-grade) stainless steel. Coatings are
generally not required, unless the steel is buried.

f) Stainless steel fasteners, preferred because a
WMP s environnment is wet and corrosive.

8.2.3.2 Nonnetal s. Most nonnetals nay be used with success in
nearly all areas of a WMP. In addition to concrete, plastic
materials, such as thermal plastics and thermal -sets, are used
extensively. Such materials as polyvinylchloride (PVC

chl orinated pol yvinyl chloride (CPVC), polyethylene (PE), and

fi berglass-reinforced plastics (FRP) are used in many
appl i cations.

From a mai nt enance standpoint, the nonnetallic
materials require different skills to install, maintain, and
repair. PVC and CPVC are joined with special cenents, PE is
joined usually by heat fusion, and FRP is joined with reinforced
resin layup. Mintenance of PVC, CPVC, and FRP can usually be
performed by in-plant crews. Repair of PE requires special
tooling that is not usually avail able onsite.
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Section 9: Chem cal shipping and feeding

9.1 Sources of Information. Process chem cals used in
wast ewater treatnment vary greatly in their specific requirenents
for safe storage and handling. Several industrial associations,
including the Chlorine Institute, the National Line Association,
t he Manufacturing Chem sts Association, and the National Fire
Protection Association (NFPA) provide information for operators.
In addition, chem cal manufacturers will supply handbooks and
materi al safety data sheets (MSDSs) for specific process

chem cal s upon request.

Tabl e 14 provides infornmation about various chenicals
comonly used at WMPs, including their common nanes, fornulas,
and nost common uses. It also covers the forns and containers in
whi ch they are usually obtained commercially and general
characteristics of the chemcals. Table 15 presents information
about feeding these chem cals, including the nost comon forns
for feeding, the anmount of water needed for continuous
di ssolving, types of feeders, handling equipnent, and appropriate
materials for storage and handli ng.
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Cheni cal Shi ppi ng Dat a Characteristics
Wei ght
Conmon Narre/ Grades or | Containers Appear ance I b/cu ft Solubility in
For mul a/ Avai l abl e | and and (Bul k Conmrer ci al Wat er
Use For s Requi renment s Properties Densi ty) Strength g 100 it
ALUM  Al,( SOQy) 3¢ XH,O Sol n. Manuf act ur ed Light green to 36°Be At 60°F Conpl etel y
Liquid 32.2°Be to | near site l'i ght brown sp.g. = 1.33 | 32.2°Be: m sci bl e
1 gal 36°Be = 5.38 Ib | 37°Be 6, 000: 8, 000 gal sol n. or 7.25% Al ,O;
of dry alum 60°F steel T/C F.P. or 11.1 | b/ gal 35. 97°Be:
Coag. at pH5.5 to 2,000 to crystallization at 60°F 8. 25% Al ,O;
8.0 4,000 gal point for: 37° Be:
Sl udge conditi oner rubber-1ined 35.97°Be = 4°F 8. 5% Al ,0;
Precipitate PO, steel tank 36.95°Be = 27°F
trucks 37.7°Be = 60°F
H gh freight 1% soln.: pH 3.4
cost precludes Visc. 36°Be at
di stant shipnent | 60°F = 25 cp
ALUM NUM SULFATE: Lunp Bags: 100 & Light tan to 60 to 75 98% pl us or 72.5 at 0°C
Al,( SQ;) 3¢ 14H,0 G anul ar 200 I'b gray-green (powder is 17% Al ,04 78.0 at 10°C
(Alum filter alum Ri ce Bbl.: 325 & Dusty, l'ighter) (m ni mum 87.3 at 20°C
Coagul ation at pH 5.5 | Ground 400 I b astringent To cal cul ate 101.6 at 30°C
to 8.0 Powder Druns: 25, 100, Only slightly hopper
Dosage between 0.5 to & 250 I b hygr oscopi c capacities,
9 gpg Bul k: C/L 1% soln.: pH 3.4 | use 60
Precipitate PO,
AVMONI A ANHYDROUS: Col orl ess St eel cylinders: Pungent sp.g. of 99 to 100% 89.9 at 0°C
NH; liquified 50, 100, 150 Ib irritating odor liquidis NH; 68.0 at 10°C
(Amoni a) gas T/C. 50,000 Ib Li qui d causes 0. 68 at 57.5 at 20°C
Chl ori ne- ammoni a G een gas | abel bur ns -28°F 47.7 at 30°C
treat ment F.P. is -107.9°F
Anaer obi ¢ di gestion B.P. is -28°F
Nut ri ent sp.g. (gas) 0.59
at 70°C and
1 atm
MCA war ni ng
| abel
Visc. liquid =

0.27 cps at 33°C
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Cheni cal Shi ppi ng Dat a Characteristics
Wei ght

Conmon Narre/ Grades or | Containers Appear ance I b/cu ft Solubility in
For mul a/ Avai l abl e | and and (Bul k Contrer ci al Wat er
Use For s Requi renment s Properties Densi ty) Strength g 100 ni?t
AVMONI A, AQUA: NH,CH Techni cal Carboys: 5 & Water white At 60°F 16°Be Conpl etel y
(Amoni um hydr oxi de, Certified 10 gal sol n. 26°Be 10. 28% NH; m sci bl e
anmoni a wat er, pure Drunms: 375 & Strongly Sp.g. 0.8974 | 20°Be
anmoni um hydr at e) Sol uti on 750 Ib al kal i ne 17. 76% NH;
Chl ori ne- ammoni a 16° Be T/ C. 8,000 gal Causes burns 26° Be
treat ment 20°Be Irritating vapor 29. 4% NH;
pH contr ol 26°Be Unst abl e; store
Nut ri ent in cool place

and tight

cont ai ner

MCA war ni ng

| abel

Vent feeding

syst ens
CALCI UM HYDROXI DE: Li ght Bags: 50 Ib VWi te 20 to 30 and | Ca(OH), 0.18 at 0°C
Ca(OH) powder Bbl: 100 Ib 200 to 400 nesh 30 to 50 82 to 95% 0.16 at 20°C
(Hydrated line, Powder Bul k: CL (store | powder To cal cu- CaO 0.15 at 30°C
sl aked i ne) in dry place) Free from | unps | at e hopper 62 or 72%
Coagul ati on, Causti c, capacity,

sof t eni ng

pH adj ust nent

Waste neutralization
Sl udge conditi oning
Precipitate PO,

irritant, dusty
Sat. soln.:

pH 12. 4

Absor bs H,O and

CO, fromair to
revert back to

CaCO,

10% slurry: 5 to
10 cps

Sp.g. = 1.08

use 25 or 35
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Cheni cal Shi ppi ng Dat a Characteristics
Wei ght
Conmon Narre/ Grades or | Containers Appear ance I b/cu ft Solubility in
For mul a/ Avai l abl e | and and (Bul k Contrer ci al Wat er
Use For s Requi renment s Properties Densi ty) Strength g 100 it
CALClI UM HYPCCHLORI TE: G anul es Bbl: 415 1b White or @ anul es 70% avail. O, | 21.88 at 0°C
Ca(Qd ) ,* 4H,0 Powder Cans: 5, 15, yel l owi sh white 68 to 80 22.7 at 20°C
(H. T.H., Perchloron, Pellets 100, 300 Ib Hygr oscopi ¢ Powder 23.4 at 40°C
Pittchlor) Drunms: 800 Ib corrosive 32 to 50
Di si nfection (store dry and Strong chl ori ne
Slime control cool and avoid odor
Deodori zati on contact with (Al kal i ne pH)
organic matter) Yel | ow | abel —

oxi di zi ng agent
CALCI UM OXI DE: CaO Pebbl e Mbi st ur e- pr oof VWite (light 55 to 70 70 to 96% CaO | Reacts to
(Qui cklime, burnt Lunp bags: 100 Ib gray, tan) lunps | To cal cul ate | (bel ow 85% form CA(OH)
lime, chemcal Iineg, G ound Wood barrel to powder hopper can be poor See CA(MH),
unsl aked i ne) Pul veri zed | Bulk: CL Unst abl e, capacity, qual ity) above?
Coagul ati on Pel | et (store dry: nmax. causti c, use 60
Sof t eni ng G anul es 60 days and keep |irritant Pulv. is 43
pH adj ust nent Crushed cont ai ner Sl akes to to 65
Waste neutralization cl osed) hydr oxi de slurry
Sl udge conditi oning evol vi ng heat
Precipitate PO, Air slakes to

f orm CaCQO;e sat .

Soln. pHis 12.4
CARBON, ACTI VATED: C Powder Bags: 35 Ib Bl ack powder, Powder 10% C (bone I nsol ubl e
(Nuchar, Norit, G anul es (3 x 21 x 39 in) | about 400 nesh 8 to 28 charcoal) to forns a
Dar co, Carbodur) Drums: 5 1b & Dusty, smoul ders | (avg. 12) 90% C (wood slurry
Decol ori zing, taste 25 1b if ignited charcoal )
and odor renoval Bul k: C/'L Arches in
Dosage between 5 and hoppers;

80 ppm

fl oodabl e®

Do not mx with
KMhQy, hypo-
chlorite, or
CaQ pH varies
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Chemi cal Shi ppi ng Data Characteristics
Wei ght

Conmon Narre/ Grades or | Containers Appear ance I b/cu ft Solubility in
For mul a/ Avai l abl e | and and (Bul k Contrer ci al Wat er
Use For s Requi renment s Properties Densi ty) Strength g 100 it
CHLORINE: d , Li quefi ed St eel cylinders: G eeni sh-yellow |sp.g. with 99.8% d , 0.98 at 10°C
(Chlorine gas, liquid | gas under 100 & 150 I b gas liquefied respect to 0.716 at 20°C
chl ori ne) pressure Ton cont ai ners under pressure air = 2.49 0.57 at 30°C
Di si nfection T/ C. 15-ton Pungent
Slinme control contai ners noxi ous,
Taste and odor T/ C. 16, 30, corrosive gas
control 55 tons heavi er than air
Wast e treat nent G een | abel Heal th hazard
Activation of silica*
CHLORI NE DI OXI DE: Cener at ed 26.3%avail. d, | Yellowsolution |----- Use 2 | b of 0.29 at 21°C
ao as used when gener at ed NaCl0,to 1 1b
Di si nfection fromd , in water of C, or
Taste and odor and Nad O, Yel | ow-red gas equal conc.
control (especially or from Unst abl e, of NaCl O, and
phenol ) NaOC pl us irritating, NaOCl pl us
Waste treatnment 0.5 acid poi sonous, acid (max. 2%
to 5 1b NaC O, per Di ssol ved expl osi ve each plus
mllion gal HO as Keep cool, keep diln. water)
dosage gener at ed fromlight
FERRI C CHLORI DE: Sol ution Sol ution Sol ution Sol ution Sol ution Sol ution
Fed 3 - anhydrous Lunps- Car boys: Dark brown syrup [ 11.2 to 35 to 45% Conpl etel y
Fed ;3 - 6H,0 = crystal sticks 5, 13 gal Cystals 12.4 | b Fed ; m sci bl e
Fed 3 - solution (crystals) | Truck, T/C Yel | ow br own Crystal Crystal Cystals
(Ferrichlor, chloride | Granul es Crystal | unps 60 to 64 60% Fed ;3 91.1 at 20°C
or iron) Keg: 100, 400, Anhydr ous Anhydr ous Anhydr ous Anhydr ous
Coagul ation pH 4 450 1b G een, black 45 to 60 96 to 97% 74.4 at 0°C
to 11 Druns: 150, 350, | Very hygro- Fed ;
Dosage: 0.3 to 3 gpg 630 I'b scopi ¢,
(sludge cond. 1.5 to stai ni ng,
4. 5% Fed j3) corrosive in
Precipitate PO, liquid form

1% soln.: pH 2.0
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Cheni cal Shi ppi ng Dat a Characteristics

Wei ght
Conmon Narre/ Grades or | Containers Appear ance I b/cu ft Solubility in
For mul a/ Avai l abl e | and and (Bul k Conmrer ci al Wat er
Use For s Requi renment s Properties Densi ty) Strength g 100 it
FERRI C SULFATE: G anul es Bags: 100 Ib 2H,0, red brown 70 to 72 3H,0 Very sol ubl e
Fe,( SQy) 3* 3H,0 Druns: 400 & 3H,0 red gray 68% Fe,(SQ,) 5
(Ferrifloc) 425 1b Cakes at high RH 18. 5% Fe
Fe,( SQy) 3¢ 2H,0 Bul k: C/L Corrosive in 2H,0
(Ferriclear) sol n. 76% Fe, (SQ,) 3
(Iron sul fate) Store dry in 21% Fe
Coag. pH 4-6 & tight containers
8.8-9.2 St ai ns
Dosage: 0.3 to 3 gpg
Precipitate PO,
FERROUS SULFATE: G anul es Bags: 100 Ib Fi ne greenish 63 to 66 55% FeSQO, 32.8 at 0°C
FeSQe 7H,0 Crystals Bbl: 400 Ib crystals 20% Fe 37.5 at 10°C
(Copperas, iron Powder Bul k MP. is 64°C 48.5 at 20°C
sul fate, sugar Lunps Oxidizes in 60.2 at 30°C
sul fate, green noi st air
vitroil) Effl orescent in
Coagul ation at pH 8.8 dry air
to 9.2 Masses in
Chrone reduction in storage at
wast e treat ment hi gher tenp.
Sewage odor control Soln. is acid
Precipitate PO,
HYDROGEN PEROXI DE: Soln. 35% | 4,000 and 8, 000 Clear, colorless | For 35% For 35% Conpl etel y
HO, & 50% gal T/C and liquid at all sp.g. = 1.13 [ 396 g/L HO m sci bl e
COdor control 4,000 T/ T concentrations or or 16.5% O

F.P. for 50% = 9.4 |b/gal For 50%
-40°C For 50% 598 g/L H,O

sp.g. = or 23.5% G,

1.20 or

10.0 | b/ gal
METHANOL: CH3e OH Liquid Druns, bul k Clear, colorless | For 100% 99% Conpl etel y
Wyod al cohol liquid at all sp.g. @20°C m sci bl e

denitrification

concentrations

= 0.7917
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Chemi cal Shi ppi ng Data Characteristics
Wei ght

Conmon Narre/ Grades or | Containers Appear ance I b/cu ft Solubility in
For mul a/ Avai l abl e | and and (Bul k Contrer ci al Wat er
Use For s Requi renment s Properties Densi ty) Strength g 100 it
QZONE: O Gas Generated at Col orl ess-bl ui sh | Density of l1to 2% 49. 4 cc
Taste and odor Liquid site by action gas or blue gas is at 0°C
control of electric liquid 2.1 gnmL
Di si nfection di schar ge Toxi c: do not Li quid sp.g.
Wast e treat ment through dry br eat he is 1.71 at
Qdor: 1 to 5 ppm air: 0.5to 1% Expl osi ve -183°C.
Disinfection: 0.5 to pr oduced Fi re hazard
1 ppm Keep fromoil or

readily

conmbusti bl e

material s
PHOSPHORI C ACI D, 50, 75, Bottl es: Cear, colorless | 50% 50, 75, and Liquid
ORTHO H;PO, 85, 90% 1to 5 1b; liquid 11.2 | b/ gal 85% conc. mscible with
Boi | er wat er Anhydr ous 5, 6-1/2, 13 gal F.P. (50% is 75% water in all
sof t eni ng Commerci al | Carboys: 55-gal 35°C 13.3 I b/ gal proportions
Al kalinity reduction Techni cal druns & barrels B.P. (50% is 85%
Cl eaning boilers Food Tank cars and 108°C 14.1 | b/ gal
Nutrient feeding N. F. trucks pH (0.1N) is 1.5

15 to 30 cp

vi scosity

according to %

Avoi d skin

cont act

MCA war ni ng

| abel

Can formH, with

some netal s
POLYMERS, DRY® Powder ed, Mil tiwal |l paper Wi te fl ake 27 to 35 -—-- Col | oi dal
H gh MW synthetic fl aky bags powder sol ution
pol yners granul es pH vari es

SETT-MEAH-TIN
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Cheni cal Shi ppi ng Dat a Characteristics
Wei ght

Conmon Narre/ Grades or | Containers Appear ance I b/cu ft Solubility in
For mul a/ Avai l abl e | and and (Bul k Conmrer ci al Wat er
Use For s Requi renment s Properties Densi ty) Strength g 100 it
POLYMERS, LI QU D AND -—-- Druns, bul k Vi scose liquid Li qui d: -—-- Col | oi dal
EMULSI ONS® 20 to 5,000 sol ution
H gh MW synthetic cp at 70°F
pol yners Emul si ons:
Separan NP10 pot abl e 200 to 700
grade, Magnifloc 990; cp at 70°F
Purifloc NL7 Ave.
Dosage: 0.1 to 1 ppm
POTASSI UM Crystal U S P. Purple crystals 86 to 102 Tech. is 97% 2.8 at 0°C
PERMANGANATE: KMhO4 25-,110-,125-1Db sp.g.: 2.7 m ni mum 3.3 at 10°C
Cai r ox steel keg Deconposes 240°C Reagent is 5.0 at 20°C
Taste odor control Techni cal Can cake up at 99% m ni mum 7.5 at 30°C
0.5 to 4.0 ppm 25-,110-, 600-1b high relative
Renoves Fe and M at steel drum hum dity
a l-to-1ratio Strong oxi dant

Toxi c

Keep from

or gani cs

Yel | ow | abel
SCDI UM ALUM NATE: G ound G ound bags: H gh purity H gh purity High Purity Hydr at ed
Na,Al ,0, anhy. (pulv.) 50-, 100-1b white 50 Al ,O; 45% 80 at 75°F
(soda al um Crystals druns St andard gray Std. 60 Na,Al .0y 72% St d.
Rati o Na,O Al ,0; Li qui d, Li qui d druns Hygr oscopi c St andar d 6 to 8%
1/1 or 1.15/1 (high 27°Be Ag. soln. is Al ,O0; 55% i nsol ubl es
purity) Hydr at ed al kal i ne Na,Al ,0, 88 to | Anhy.
Al so Na,Al,0p 3H,0 Anhydr ous Exot her m ¢ heat 90% 3/gal at 60°F

SETT-MEAH-TIN
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Wei ght
Conmon Narre/ Grades or | Containers Appear ance I b/cu ft Solubility in
For mul a/ Avai l abl e | and and (Bul k Conmrer ci al Wat er
Use For s Requi renment s Properties Densi ty) Strength g 100 it
SCODI UM Bl CARBONATE: U S P Bags: 100 Ib Wi t e powder 59 to 62 99% 6.9 at 0°C
NaHCQO; (baki ng soda) C P Bbl: 112, 400 Ib | Slightly NaHCO; 8.2 at 10°C
Activation of silica Commercial | Druns: 25 |Ib al kal i ne 9.6 at 20°C
pH adj ust nent Pur e Kegs 1% sol n. : 10.0 at 30°C
Powder pH 8.2
G anul es Unstable in

sol n. (de-

conposes into

CO, and NapCOy)

Deconmposes 100°F
SCDI UM BI SULFI TE, Crystal s Bags: 100 Ib VWhite to slight 74 to 85 and | 97.5 to 99% 54 at 20°C
ANHYDROUS: Crystals Druns: 100 & yel | ow 55 to 70 Na, S, 81 at 100°C
Na,S,0 ( NaHSGs) pl us 400 | b Sul f ur ous odor SO, 65. 8%
(Sodi um pyrosul fite, powder Slightly
sodi um net a- Sol uti on hygr oscopi c
bisulfite) (3.25 to Store dry in
Dechl ori nati on: about | 44.9% tight container
1.4 ppmfor each Forms NaHSG; in
ppm C1, sol n.
Reduci ng agent in 1% soln.: pH 4.6
wast e treat nent Vent soln. tanks
(as Cr)
SODI UM CARBONATE: Dense Bags: 100 Ib White, alkaline Dense 65 99. 2% Na,CO; 7.0 at 0°C
Na,CO; granul es Bbl: 100 Ib Hygroscopi c: can | Medi um 40 58% Na,O 12.5 at 10°C
(Soda ash: 58% Na,O) Med. gran. | Drums: 25 & cake up Li ght 30 21.5 at 20°C
Wat er softening and pwd. 100 I'b 1% sol n. : 38.8 at 30°C
pH adj ust nent Li ght Bul k: C/L pH 11.2

powder

SETT-MEAH-TIN
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Cheni cal Shi ppi ng Dat a Characteristics
Wei ght
Conmon Narre/ Grades or | Containers Appear ance I b/cu ft Solubility in
For mul a/ Avai l abl e | and and (Bul k Conmrer ci al Wat er
Use For s Requi renment s Properties Densi ty) Strength g 100 it
SODI UM CHLORI TE: Powder Druns: 100 Ib Tan or white 65 to 75 Techni cal 34 at 5°C
Nadl O, Fl akes (do not et crystals or 81% 39 at 17°C
(Techni cal sodi um Crystals NaCl O, dry out powder 78% (i ni mum 46 at 30°C
chlorite) (tech. and | on conbustible Hygr oscopi c 124% avai | . 55 at 60°C
D sinfection, taste, anal yt - mat eri al s) Poi sonous d,
and odor control i cal) Power f ul Anal
Ind. waste treatnment Sol n. oxi di zi ng agent 98. 5%
(with O, produces (about Expl osi ve on 153% avai |
a o) 40% contact with a,
crystal - organic matter
lizes Store in nmeta
about 95°F containers only
Oxi di zer
Li qui d:
white | abe
Sol i d
yel | ow | abe
SODI UM HYDROXI DE: Fl akes Druns: 25, 50, Wiite fl akes, Pel |l ets Sol id 42 to 0°C
NaCOH Lunps 350, 400, granul es, or 60 to 70 98. 9% NaCH 51.5 at 10°C
(Caustic soda, Powder 700 Ib pel l ets Fl akes 74. 76% Na,O 109 at 20°C
soda |ye) Sol uti on Bul k: Sol ution Del i quescent, 46 to 62 Sol uti on 119 at 30°C
pH adj ust ment inT/C caustic poison 12 to 50%
neutralization Liquid Dangerous to NaCH
Wi te | abel handl e

1% sol n.

pH 12.9

50% soln. will
crystallize at
54°F

SETT-MEAH-TIN
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Wei ght

Conmon Narre/ Grades or | Containers Appear ance I b/cu ft Solubility in
For mul a/ Avai l abl e | and and (Bul k Conmrer ci al Wat er
Use For s Requi renment s Properties Densi ty) Strength g 100 it
SCODI UM HYPOCHLORI TE: Sol uti on Carboys: 5 & Yel l ow liquid 15% 15% NaOd = Conpl etel y
NaOCl VWite or 13 gal Strongly 10. 2 | b/ gal 1.251b m sci bl e
(Javel l e water, yel | ow Drunms: 30 gal al kal i ne 12. 5% d ,/ gal
bl each 1i quor, | abel Bul k: 1, 300, Store in cool 10 | b/ gal 12. 5% NaOd =
chl orine bl each) 1, 800, 2,000 pl ace 1.04 I b
Di sinfection, sline gal BT Protect from d ,/ gal
control l'ight and vent
Bl eachi ng containers at

intervals

Can be stored

about 60 days

under proper

condi tions
SULFUR DI OXI DE: SO, Liquified St eel cylinders: Col orl ess gas .- 100% SO, 760 nm
Dechl orination in gas under 100, 150, 200 Ib | Suffocating odor 22.8 at 0°C
di si nfection pressure G een | abel Corrosive 16.2 at 10°C
Filter bed cleaning Poi son 11.3 at 20°C
About 1 ppm SO, for Acid in 7.8 at 30°C
each ppmd , sol uti on:
(dechl ori nation) di ssolves to
Wast e treat nent f orm H,SO;
Cr +6 reduction
SULFURI C ACI D: H,SO, Li quid Bottl es Syrupy liquid 66° Be 66° Be Conpl etel y
(A1l of Vitriol, 66° Be Car boys: Very corrosive 15.1 | b/ gal 93. 2% H,SO, m sci bl e
Vitriol) 60° Be 5, 13 gal Hygr oscopi c 60° Be 60° Be
pH adj ust nent 50° Be Dr uns: Store dry and 14.2 | b/ gal 77. 7% H,SO,
Activation of silica 55, 110 gal cool in tight 50° Be
Neutral i zation of Bul k cont ai ner 62. 2% H,SO,
al kal i ne wast es T/T, T/C pH 1.2

Wi te | abel

SETT-MEAH-TIN
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'Solubilities are generally given at four different tenperatures stated in degrees Centigrade.

Tenperature Fahr enhei t Equi val ent
0°C 32°F
10°C 50°F
20°C 68°F
30°C 86°F

2Each pound of CaOwill slake to form1.16 to 1.32 |b of CA(OH), (depending on purity) and from2 to 12%grit.

3«Fl opodabl e” as used in this table with dry powder neans that, under sone conditions, the material entrains air and
becones “fluidized” so that it will flow through small openings, |ike water.

“For smal| doses of chlorine, use cal cium hypochl orite or sodi um hypochlorite.

°Information about many ot her coagul ant aids (or flocculant aids) is available from Nalco, Calgon, Drew, Betz, North
Anerican Mogul, American Cyanam d, Dow, etc.

anhy. anhydr ous apg grai ns per gallon
aq. aqueous i nd. i ndustri al

avai | . avail abl e nax. maxi mum

avg. aver age M P. nel ting point

bbl . barrel m n. m nut e

B. P. boi I i ng poi nt M W nol ecul ar wei ght
c/L carl oad ppm parts per mllion
coag. coagul ati on / per

conc. concentration % per cent

cc cubic centineter I b pound

cu ft cubi c foot | b/ gal pounds per gallon
°Be degrees Baunme(a neasurenent of solution pul v. pul veri zed

°C degrees Cel sius sat. sat ur at ed

°F degrees Fahrenheit sol n. sol ution

di | n. dilution sp. g. specific gravity
esp. especially std. st andard

F. P. freezi ng point T/ C tank car

gal gal l on T tank truck

gm gram wt . wei ght

in. i nch

Source: BIF Technical Bulletin Chem cals Used in Treatnent of Water and Wastewater. Table
nodi fi ed and reproduced with perm ssion.

SETT-XMEdH-TIN



Tabl e 15
Chem cal - Speci fi ¢ Feedi ng Reconmrendati ons

Feedi ng Reconmendat i ons

Chenmi cal -t o- Sui tabl e
Comon Nane/ Best Water Ratio for | Types Accessory Handl i ng
For mul a/ Feedi ng Cont i nuous of Equi prent Materials for
Use Form Di ssol vi ng* Feeder s Requi r ed Sol ut i ons?
ALUM Al,( SQy) 3¢ XH,O Full strength Dlute to Sol uti on Tank gauges or Lead or
Liquid under controlled | between 3% and Rot odi p scal es rubber-1ined
1 gal 36°Be = 5.38 I|b tenp. or dilute 15% accor di ng Pl unger punp Transfer punps t anks,
of dry alum 60°F to avoid to application Di aphragm punp St orage tank Duriron, FRP?
Coag. at pH5.5to0 8.0 crystallization condi tions, 1700 punp Tenperature Saran, PVC-1,
Sl udge conditi oner M nimze surface | m xing, etc. L-1-W control vi nyl ,
Precipitate PO, evap.: causes Eductors or Hypal on,
fl ow probl ens di ssol vers for Epoxy, 16 ss,
Keep dry al um dil ution Carp. 20 ss,
bel ow 50% Tyril
to avoid
crystallization
ALUM NUM SULFATE: G ound, 0.5 | b/ gal Gavinetric Di ssol ver Lead, rubber,
Al,( SQ;) 3¢ 14H,0 granul ar, or Di ssol ver Belt L-1-W Mechani cal mi xer FRP®, PVC- 1,
(Alum filter alum rice detention time Vol unetric Scal es for 316 ss, Carp.
Coagul ation at pH 5.5 Powder is dusty, [5 min. for Hel i x vol unetric feeders | 20 ss, vinyl,
to 8.0 arches, and is ground (10 mn. Uni ver sal Dust collectors Hypal on
Dosage between 0.5 to fl oodabl e* for granul es) Sol uti on Epoxy,
9 gpg Pl unger punp Ni - Resi st
Precipitate PO, Di aphragm punp gl ass,
1700 punp ceram c,
pol yet hyl ene,
Tyril,
Uscolite
AVMONI A ANHYDROUS:  NHs Dry gas or as .- Gas feeder Scal es St eel
(Amoni a) aqueous soln.: Ni - Resi st,
Chl ori ne- ammoni a see “Amoni a, Monel ,
treat nent Aqua” 316 ss,
Anaer obi ¢ di gestion Pent on,

Nut ri ent

Neopr ene
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Chem cal - Speci fi ¢ Feedi ng Reconmendat i ons

Feedi ng Reconmendat i ons

Chenmi cal -t o- Sui tabl e
Comon Nane/ Best Water Ratio for | Types Accessory Handl i ng
For mul a/ Feedi ng Cont i nuous of Equi prent Materials for
Use Form Di ssol vi ng* Feeder s Requi r ed Sol ut i ons?
AMVONI A, AQUA: NH,OH Full strength -—-- Sol uti on Scal es Iron, steel,
(Amoni um hydr oxi de, L-1-W Drum handl i ng rubber,
anmoni a wat er, anmoni um Di aphragm punp equi pnent or Hypal on,
hydr at e) Pl unger punp st orage tanks 316 ss, Tyril
Chl ori ne- amoni a Bal . di aphragm Transfer punps (roomtenp.
treat ment punp to 28%
pH contr ol
Nut ri ent
CALCI UM HYDROXI DE: Fi ner particle Dry feed: Gavinetric Hopper agitators Rubber hose,
Ca(OH) sizes nore 0.5 I b/gal max. L-1-W Non-f | ood rotor iron, steel,
(Hydrated line, slaked efficient, but Slurry: Bel t under | arge concrete,
i me) nore difficult 0.93 | b/ gal Vol unetric hopper s Hypal on,
Coagul ati on, softening to handl e and (i.e., a 10% Hel i x Dust collectors Pent on, PVGC 1
pH adj ust nent feed slurry) Uni ver sal No | ead
Waste neutralization (Light to a 20% | Slurry
Sl udge conditi oning conc. nmex.) Rot odi p
Precipitate PO, (Heavy to a 25% | D aphragm

conc. nmex.) Pl unger punp®
CALCI UM HYPOCHLORI TE: Up to 3% sol n. 0. 125 | b/ gal Li quid Di ssol vi ng tanks Ceram c,
Ca(Qd ) ,* 4H,0 max. (practical) | makes 1% sol n. Di aphragm punp in pairs with gl ass,

(H. T.H., Perchloron,
Pittchlor)

Di si nfection

Sline control
Deodori zati on

of available
d.

Bal . di aphragm
punp
Rot odi p

drains to draw of f
sedi ment

I nj ection nozzle
Foot val ve

rubber-1ined
t anks, PVC-1,
Penton, Tyril
Hypal on,
vinyl, Usco-
lite (rm
tenp), Saran,
Hastel l oy C
(good).

No tin.
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Feedi ng Reconmendat i ons

Chenmi cal -t o- Sui tabl e
Comon Nane/ Best Water Ratio for | Types Accessory Handl i ng
For mul a/ Feedi ng Cont i nuous of Equi prent Materials for
Use Form Di ssol vi ng* Feeder s Requi r ed Sol ut i ons?
CALCI UM OXI DE: CaO 1/4 to 3/4 in. 2.1 1b/gal Gavinetric Hopper agitator Rubber, iron,
(Quicklime, burnt line, pebble line (range from1l.4 | Belt and non-fl ood steel,
chem cal |ine, unslaked Pel |l ets to 3.3 | b/gal L-1-W rotor for ground concr et e,
i me) Gound line according to Vol unetric and pulv. lime Hypal on,
Coagul ati on arches and is sl aker, etc.) Uni ver sal Recor di ng Penton, PVC 1
Sof t eni ng f1 oodabl e Dilute after Hel i x t her monet er
pH adj ust nent Pulv. will arch slaking to Wt er proportioner
Waste neutralization and is floodable | 0.93 I b/gal Li me sl aker
Sl udge conditi oning Sof t burned, (10% nmex. H gh tenperature
Precipitate PO, porous best for slurry safety cut-out and

sl aki ng alarm

CARBQN, ACTI VATED: C
(Nuchar, Norit, Darco,
Car bodur)

Decol ori zing, taste and
odor renoval

Dosage between 5 and
80 ppm

Powder: with
bul k density of
12 Ib/cu ft
Slurry: 1 |b/gal

According to
its bul ki ness
and wetability,
a 10 to 15%
sol uti on woul d
be the max.
concen.

Gavinetric
L-1-W

Vol unetric

Hel i x

Rot ol ock

Slurry

Rot odi p

Di aphragm punps

Washdown-t ype
wetting tank
Vortex m xer
Hopper agitators
Non-fl ood rotors
Dust collectors
Large storage cap.
for liquid feed
Tank agitators
Transfer punps

316 ss,
r ubber,
bronze,
Monel ,
Hastel l oy C,
FRP®, Saran,

Hypal on

BETT-9dH-TIN



Tabl e 15 (Conti nued)
Chem cal - Speci fi c Feedi ng Reconmendati ons

Feedi ng Reconmendat i ons

Chenmi cal -t o- Sui tabl e
Comon Nane/ Best Water Ratio for | Types Accessory Handl i ng
For mul a/ Feedi ng Cont i nuous of Equi prent Materials for
Use Form Di ssol vi ng* Feeder s Requi r ed Sol ut i ons?

CHLORINE: d , Gas: vapori zed llbto Gas chlorinator Vapori zers for Anhy. liquid
(Chlorine gas, liquid fromliquid 45-50 gal hi gh capacities or _gas:
chl ori ne) or nore Scal es St eel ,
Di si nfection Gas nmasks copper, black
Sline control Resi dual anal yzer i ron
Taste and odor control Wt gas:
Wast e treat nent Pent on,
Activation of silica® Viton,

Hastel l oy C,

CHLORINE DIOXIDE: d O
Di si nfection

Tast e and odor control
(especi al ly phenol)
Waste treatnent 0.5 to
51b Nd G per nmllion
gal HO dosage

Sol ution from
gener at or

M x di schar ge
fromchlorini zer
and Nad O

sol ution or add
acid to m xture
of Nad G, and
NaOd . Use equal
concentrations:
2% max.

Chl ori ne wat er
nmust contain
500 ppm or over
of C, and have
a pH of 3.5 or
| ess

Wat er use
depends on

net hod of
preparation

Sol ution
Di aphragm punp

Di ssol vi ng tanks
or crocks
Gas nmask

PVC-1 (good),
silver,

Tant al um

Chl ori nat ed
HO  Saran,
st onewar e,
Carp. 20 ss,
Hastel l oy C,
PVC-1, Viton,
Uscolite,
Pent on

For sol utions
with 3% d O:
Cer ami c, -
gl ass,

Hypal on,
PVC-1, Saran,
vi nyl ,

Pent on,

Tefl on
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Chem cal - Speci fi c Feedi ng Reconmendati ons

Feedi ng Reconmendat i ons

Chenmi cal -t o- Sui tabl e
Comon Nane/ Best Water Ratio for Types Accessory Handl i ng
For mul a/ Feedi ng Cont i nuous of Equi prent Materials for
Use Form Di ssol vi ng* Feeder s Requi r ed Sol ut i ons?
FERRI C CHLORI DE: Sol ution or any Anhy. to form Sol uti on St orage tanks for Rubber,
Fed 3 - anhydrous dilution up to 45% 5.59 | b/ gal | D aphragm punp liquid gl ass,
Fed ;3 - 6H,0 = crystal 45% FEQ 5 40% 4.75 I b/gal | Rotodip Di ssol vi ng tanks ceram cs,
Fed 3 - solution content (anhy. 35% 3.96 | b/gal | Bal. diaphragm for lunps or Hypal on,
(Ferrichlor, chloride formhas a high 30% 3.24 |Ib/gal | punp granul es Saran, PVC 1,
or iron) heat of soln.) 20% 1.98 | b/gal Pent on, FRP®,
Coagul ation pH 4 to 11 10% .91 |b/gal vinyl, Epoxy,
Dosage: 0.3 to 3 gpg (Mul tiply Fed j, Hastel l oy C
(sludge cond. 1.5 to by 1.666 to (good to
4. 5% Fed j3) obt ai n Fed ;.6H,0 fair), Usco-
Precipitate PO, at 20°C lite, Tyril

(Rm
FERRI C SULFATE: G anul es 2 I b/gal (range) | Gavinetric Di ssol ver with 316 ss,
Fe,( SQy) 3 3H,0 1.4 to 2.4 L-1-W not or-dri ven m xer | rubber,
(Ferrifloc) I b/ gal for 20 Vol unetric and water control gl ass,
Fe,( SQy) 3¢ 2H,0 mn. detention Hel i x Vapor renover ceramncs,
(Ferriclear) (war m wat er Uni ver sal sol ution tank hypal on,
(Iron sul fate) permts shorter Sol uti on Saran, PVC 1,
Coag. pH 4-6 & 8.8-9.2 det enti on) Di aphragm punp vinyl, Carp.
Dosage: 0.3 to 3 gpg Water insolubles | Bal. diaphragm 20 ss,
Precipitate PO, can be high punp Pent on, FRP®,
Pl unger punp Epoxy, Tyril
Rot odi p

FERROUS SULFATE: G anul es 0.5 | b/gal Gavinetric Di ssol vers Rubber, FRP®
FeSQ,» 7H,0O (di ssol ver L-1-W Scal es PVC- 1, vinyl,
(Copperas, iron detention time Vol unetric Pent on,
sul fate, sugar sulfate, 5 min. mninumn Hel i x Epoxy,
green vitroil) Uni ver sal Hypal on,
Coag. at pH 8.8 to 9.2 Sol uti on Uscolite,
Chrone reduction in Di aphragm punp ceram c,
wast e treatment Pl unger punp Carp. 20 ss,
Sewage odor control Bal . di aphragm Tyril

Preci pitate PQ,

punp
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Chem cal - Speci fi c Feedi ng Reconmendati ons

Feedi ng Reconmendat i ons

Common Nane/
For mul a/
Use

Best
Feedi ng
Form

Chem cal -t o-

Water Ratio for

Cont i nuous
Di ssol vi ng*

Types
of
Feeders

Accessory
Equi prent
Requi r ed

Sui t abl e
Handl i ng
Materials for
Sol ut i ons?

HYDROGEN PEROXI DE: H,O,
Qdor control

METHANOL: CH3e OH
Wbod al coho
denitrification

OZONE: O

Taste and odor contro
Di si nfection

Wast e treat nent

Qdor: 1 to 5 ppm
Disinfection: 0.5 to

1 ppm

PHOSPHORI C ACI D, ORTHO
H;PO,

Boi |l er water softening
Al kalinity reduction
Cl eaning boilers
Nutrient feeding

Full strength or
any dilution

Ful |l strength or
any dilution

As generat ed
Approx. 1% ozone
inair

50 to 75% conc.
(85%is syrupy;
100%i s
crystalline)

Gas diffused in

wat er under
t r eat nent

Di aphragm punp
Pl unger punp

Gear punp
Di aphragm punp

Qzonat or

Li qui d

Di aphragm punp
Bal . di aphragm
punp

Pl unger punp

St orage tank,
wat er netering and
filtration device
for dilution

St orage tank

Air-drying
equi prment
Di ffusers

Rubber gl oves

Al um num
Hastel | oy C,
titanium
Viton, Kel-F,
PTFE, CPVC
304 ss,

316 ss,

br ass,
bronze,

Car penter 20,
cast iron,
Hastel | oy C,
buna N, EPDM
Hypal on,
nat ur a
rubber, PTFE
PVDF, NORYL,
Delrin, CPVC
d ass,

316 ss,

ceram cs,

al um num
Tefl on

316 St.

(no F)v

Pent on,
rubber, FRP®
PVC- 1,

Hypal on,
Vi t on,

Carp. 20 ss,
Hastel l oy C
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Feedi ng Reconmendat i ons

Chenmi cal -t o- Sui tabl e
Comon Nane/ Best Water Ratio for | Types Accessory Handl i ng
For mul a/ Feedi ng Cont i nuous of Equi prent Materials for
Use Form Di ssol vi ng* Feeder s Requi r ed Sol ut i ons?
POLYMERS, DRY’ Powder ed, Max. conc. 1% Gavinetric Speci al di spersing | Steel,
H gh MW synthetic flattish Feed even L-1-W procedure rubber,
pol yners granul es streamto Vol unetric M xer: may hang Hypal on,
vigorous vortex | Helix up; vibrate if Tyril
(m xing too Sol uti on needed Noncorrosi ve,
fast will (Col | oi dal ) but no zinc
retard Di aphragm punp Sanme as for
col | oi dal Pl unger punp HO of simlar
gr owt h) Bal . di aphragm pH or
1to 2 hours punp according to
detention its pH
POLYMERS, LI QU D AND Makedown t o: Varies with Di aphragm punp M xi ng and aqueous | Sane as dry
EMULSI ONS’ Li qui d: charge type Pl unger punp tanks may be product s
H gh MW synthetic 0.5%to 5% Bal . di aphragm required
pol yners Emul si ons: punp
Separan NP10 pot abl e 0.05%to 0.2%
grade, Magnifloc 990;
Purifloc NL7 Ave.
Dosage: 0.1 to 1 ppm
POTASSI UM PERVANGANATE: Crystal s plus 1. 0% conc. Gavinetric Di ssol vi ng tank Steel, iron
KMnO4 anti caki ng (2.0% nmax.) L-1-W M xer (neutral &
Cai r ox additive Vol unetric Mechani cal al kal i ne)
Taste odor control Hel i x 316 st.
0.5 to 4.0 ppm Sol uti on PVC-1, FRP?
Renoves Fe and M at a Di aphragm punp Hypal on,
1-to-1 ratio Pl unger punp Pent on,
Bal . di aphragm Lucite,
punp rubber

(al kal i ne)
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Feedi ng Reconmendat i ons

Chenmi cal -t o- Sui tabl e

Comon Nane/ Best Water Ratio for Types Accessory Handl i ng
For mul a/ Feedi ng Cont i nuous of Equi prent Materials for
Use Form Di ssol vi ng* Feeder s Requi r ed Sol ut i ons?
SCDI UM ALUM NATE: Granul ar or Dry 0.5 |b/gal Gavinetric Hopper agitators Iron, steel,
Na,Al ,0, anhy. soln. as Soln. dilute as | L-1-W for dry form rubber, 316
(soda al um recei ved desired Vol unetric st. s.,
Rati o Na,O Al ,O; Std. grade Hel i x Pent on,
1/1 or 1.15/1 (high produces sl udge Uni ver sal concrete,
purity) on di ssol ving Sol uti on Hypal on
Al so Na,Al,0Op 3H,0 Rot odi p
hydrated form Di aphragm punp
Coagul ati on Pl unger punp
Boi l er H,O treat nent
SCODI UM Bl CARBONATE: Granul es or 0.3 | b/gal Gavinetric Hopper agitators Iron & steel
NaHCQO; (baki ng soda) powder plus TCP L-1-W and non-fl ood (dilute
Activation of silica (0.4% Bel t rotor for powder, sol ns. :
pH adj ust nent Vol unetric if large storage caution),

Hel i x hopper rubber,

Uni ver sal Sar an, st.

Sol uti on st eel ,

Rot odi p Hypal on,

Di aphragm punp Tyril

Pl unger punp
SCDI UM BI SULFI TE, Crystals (do not | 0.5 | b/gal Gavinetric Hopper agitators d ass, carp.
ANHYDROUS: l et set) L-1-W for powdered 20 ss,
Na,S,0 ( NaHSG;) St or age Vol unetric gr ades PVC- 1,
(Sodi um pyrosul fite, difficult Hel i x Vent di ssolver to Pent on,
sodi um neta-bisulfite) Uni ver sal out si de Uscolite,
Dechl ori nati on: about Sol uti on 316 st., FRP,
1.4 ppmfor each Rot odi p Tyril,
ppm C1, Di aphragm punp Hypal on
Reduci ng agent in waste Pl unger punp

t r eat ment
(as Cr)

Bal . di aphragm
punp
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Feedi ng Reconmendat i ons

Chenmi cal -t o- Sui tabl e
Comon Nane/ Best Water Ratio for | Types Accessory Handl i ng
For mul a/ Feedi ng Cont i nuous of Equi prent Materials for
Use Form Di ssol vi ng* Feeder s Requi r ed Sol ut i ons?
SODI UM CARBONATE: Dense Dry feed Gavinetric Rotol ock for light | lron, steel,
Na,CO; 0.25 Ib/gal for |L-1-W forns to prevent rubber,
(Soda ash: 58% Na,O) 10 m n. Vol unetric fl oodi ng Hypal on,
Wat er softening detention tine, Hel i x Large dissol vers Tyril
pH adj ust nent 0.5 Ib/gal for Sol uti on Bin agitators for

20 min. Di aphragm punp nmedi um or |ight

Sol n. feed Bal . di aphragm grades and very

1.0 | b/ gal punp i ght grades

War m H,O and/ or Rot odi p

efficient Pl unger punp

m xi ng can

reduce

detention tinme

if mat. has not

sat around too

I ong and forned

lunps—+o0 5 mn.
SODI UM CHLORI TE: Nad O, Sol n. as Bat ch sol ns. Sol uti on Chl ori ne feeder Pent on,
(Techni cal sodi um recei ved 0.12 to Di aphr agm and chl ori ne gl ass, Saran,
chlorite) 2 | b/ gal Rot odi p di oxi de generat or PVC- 1, vinyl,
D sinfection, taste, Tygon, FRP?,
and odor control Hastell oy C
Ind. waste treatnment (fair),
(with O, produces O Q) Hypal on,

Tyril

SCODI UM HYDROXI DE:  NaCOH Sol ution feed NaOH has a high | Sol ution Goggl es Cast iron,
(Caustic soda, heat of soln. Pl unger punp Rubber gl oves st eel
soda |ye) Di aphragm punp Apr ons For no

pH adj ust ment
neutralization

Bal . di aphragm
punp
Rot odi p

contam, use
Pent on,

r ubber,

PVC- 1,

316 st.,
Hypal on
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Chenmi cal -t o- Sui tabl e
Comon Nane/ Best Water Ratio for | Types Accessory Handl i ng
For mul a/ Feedi ng Cont i nuous of Equi prent Materials for
Use Form Di ssol vi ng* Feeder s Requi r ed Sol ut i ons?
SODI UM HYPOCHLORI TE: Solution up to 1.0 gal of Sol uti on Sol ution tanks Rubber,
NaOCl 16% 12.5% (avai l . Di aphragm punp Foot val ves gl ass, Tyril,
(Javel l e water, bleach Avai l able d, C,) soln. to Rot odi p Water neters Saran, PVC-1,
l'iquor, chlorine conc. 12.5 gal of Bal . di aphragm I nj ection nozzles vi nyl ,
bl each) wat er gives a punp Hastel l oy C,
Di sinfection, sline 1% avail. d, Hypal on
control sol n.
Bl eachi ng
SULFUR DI OXI DE: SO, Gas ---- Gas Gas mask Wt gas:
Dechl orination in Rot anet er d ass,
di si nfection SO, feeder Carp. 20 ss,
Filter bed cleaning PVC- 1,
About 1 ppm SO, for each Pent on,
ppm O , (dechl ori nati on) cerami cs,
Wast e treat ment 316 (G,
Cr +6 reduction Vi ton,

Hypal on

SULFURI C ACI D: H,SO, Soln. at desired | Dilute to any Li quid Goggl es Conc. >85%
(A1l of Vitriol, dil ution desired conc.: Pl unger punp Rubber gl oves Steel, iron,
Vitriol) H, SO, has a high NEVER add water | Di aphragm punp Apr ons Penton, PVC 1

pH adj ust nent
Activation of silica
Neutrali zation of

al kal i ne wast es

heat of soln.

to acid but
rat her al ways
add acid to
wat er .

Bal . di aphragm

punp
Rot odi p

Dilution tanks

(good), Viton

40 to 85%
Carp. 20,
PVC-1,

Pent on, Viton
2 to 40%
Carp. 20,
FRP®, gl ass,

PVC-1, Viton
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To convert gm 100 niL to Ib/gal, nultiply figure (for gmi 100 nm_) by 0.083. Recommended strengths of solutions for
f eedi ng purposes are given in pounds of chemical per gallon of water (lb/gal) and are based on plant practice for
the commercial product.

The following table shows the nunber of pounds of chemical to add to 1 gallon of water to obtain various percent
sol uti ons:

% Sol n. | b/ gal % Sol n. | b/ gal % Sol n. | b/ gal
0.1 0.008 2.0 0.170 10.0 0.927

0.2 0.017 3.0 0.258 15.0 1.473

0.5 0.042 5.0 0.440 20.0 2.200

1.0 0.084 6.0 0.533 25.0 2.760

30.0 3. 560

2Iron and steel can be used with chemicals in the dry state unless the chenical is deliquescent or very

hygr oscopi c,

or in a danpish formand is corrosive to sonme degree.

SFRP, in every case, refers to the chemcally resistant grade (bisphenol A+) of fiberglass reinforced plastic.

*“Fl oodabl e” as used in this table with dry powder means that, under sone conditions, the material entrains air and
becones “fluidized” so that it will flow through small openings, |ike water.

*When feeding rates exceed 100 | b/hr, economic factors may dictate use of cal ci um oxide (quickline).

®For smal| doses of chlorine, use cal cium hypochl orite or sodi um hypochlorite.

"I'nformation about many other coagul ant aids (or flocculant aids) is available fromNal co, Calgon, Drew, Betz,
North Anerican Mgul, American Cyanam d, Dow, etc.

anhy. anhydr ous in. i nch

appr ox. appr oxi mat e i nd. i ndustri al

ag. agqueous L-1-W | oss in weight
avail . avail abl e max. maxi mum

avg. aver age M P. nel ti ng point

bbl . barrel mn. m nut e

B. P. boi | i ng poi nt M W nol ecul ar wei ght
al car |l oad ppm parts per mllion
coag. coagul ati on / per

conc. concentration % per cent

cc cubi c centineter I'b pound

cu ft cubi c foot | b/ gal pounds per gallon
CvPC chl orinated pol yvinyl chloride Proportioner proportioning punp
°Be degrees Baune (a neasurenent of solution concentration) pul v. pul veri zed

°C degrees Cel sius PvC pol yvi nyl chl oride
°F degrees Fahrenheit sat . sat ur at ed

di |l n. di lution sol n. sol ution

esp. especial ly sp. g. specific gravity
F. P. freezi ng point std. st andard

FRP fiberglass reinforced plastic T/ C tank car

gal gal | on TT tank truck

gm gram wt wei ght

Source: BIF Technical Bulletin Chemicals Used in Treatnent of Water and Wastewater. Table nodified and reproduced wth
per mi ssi on.
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APPENDI X A
SACRAMENTO SERI ES TRAI NI NG MANUAL CONTENTS

of Wastewater Treatment Plants, Vol une |

The Treatnent Pl ant Operator

Why Treat WAstes?

Wast ewat er Treatment Facilities

Racks, Screens, Commi nutors and Git Renoval
Sedi nent ati on and Fl otation

Trickling Filters

Rot ati ng Bi ol ogi cal Contactors

Activated Sl udge (Package Plants and Oxidation Ditches)
Wast e Treat nent Ponds

Di sinfection and Chl orination

of Wastewater Treatnent Plants, Volune ||

Activated Sl udge (Conventional Activated Sl udge Plants)
Sl udge Digestion and Solids Handling

Ef fl uent Di sposal

Pl ant Safety and Good Housekeepi ng

Mai nt enance

Laboratory Procedures and Chem stry

Appl i cations of Conputers for Plant O&M

Anal ysis and Presentation of Data

Records and Report Witing

and Mai ntenance of Wastewater Collection Systens,

The Wastewat er Col | ecti on System Operat or

Why Col | ection System Operation and Mai nt enance?
Wast ewat er Col | ection Systens (Purpose, Conponents,
and Desi gn)

Saf e Procedures

| nspecting and Testing Coll ection Systens

Pi pel i ne C eani ng and Mi nt enance Met hods

Under gr ound Repair

and Mai ntenance of Wastewater Collection Systens,

Lift Stations

Equi prent Mai nt enance

Sewer Rehabilitation

Saf ety/ Survival Prograns for Collection System
Operators

Adm ni stration

Organi zation for System Qperation and Mi ntenance
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APPENDI X A (Conti nued)

Waste Treatnent, Vol une |
The Industrial Plant Operator
Safety
Regul at ory Requirenents
Preventing and M nim zing Wastes at the Source
| ndustrial Wastewaters
Fl ow Measur enent
Prelimnary Treatnment (Equalization, Screening, and
pH Adj ust nent)
Physi cal - Chem cal Treatnent Processes (Coagul ati on,
Fl occul ati on and Sedi nent ati on)
Filtration
Physi cal Treatnment Processes (Air Stripping and Carbon
Adsor ption)
Treatment of Metal Wastestreans
| nstrunent ati on

Waste Treatnent, Volume |1
The Industrial Plant Operator
Fixed Gowh Processes (Trickling Filters and Rotating
Bi ol ogi cal Contactors)
Activated Sl udge Process Contr ol
Sequenci ng Batch Reactors
Enhanced Bi ol ogi cal Treat nment
Anaer obi ¢ Tr eat nent
Resi dual Sol i ds Managenent
Mai nt enance

Advanced Waste Treat ment

1
2

OCo~NOUIA~ W

Tr eat nent

[ —

2
3
4

Qdor Contr ol

Activated Sludge (Pure Oxygen Plants and Operati onal
Control Options)

Resi dual Sol i ds Managenent

Sol i ds Renoval from Secondary Effluents

Phosphorus Renoval

Ni t rogen Renoval

Enhanced Bi ol ogical (Nutrient) Control

Wast ewat er Recl amati on
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Mat eri al Safety Data Sheets (MSDSs)
Enpl oyee Ri ght-to-Know Laws
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5 Met hods of Treat nent
6 Sl udge Treatnent and Di sposal
7 Oper ation, Maintenance and Troubl eshooti ng

Pretreatnment Facility Inspection

The Pretreatnment Facility Inspector
Pretreatment Program Adm nistration

Devel opment and Application of Regul ations
| nspection of a Typical Industry

Safety in Pretreatnment Inspection and Sanpling Wrk
Sanpling Procedures for WAstewater

Wast ewat er Fl ow Moni toring

| ndustrial Wastewaters
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Sacranento Series Cross Reference List

Wast ewat er
Tr eat nent
System
Qper ati ons and
Mai nt enance

Augnent i ng
Contents Item Handbook Sacranento Series
d ossary of Terns @ End of Each Manual in Series
Vol unme
Ceneral O&M Topi cs
Anal ysi s and OMP, Vol. 2, Chapter
Presentation of Data 18
Records and Reports OMP, Vol. 2, Chapter
19
Regul at ory Section 2 IWI Vol . 1, Chapter 3
Conpl i ance/ Mgnt .
Computeri zed O&M OM Vol . 2, Chapter 17
Col | ection Systens O%M
Safety O&MACS Vol . 1, Chapter
4
| nspection and Testing O&MACS Vol . 1, Chapter
5
Pi pel i ne Mai nt enance O&MACS Vol . 1, Chapter
5
Lift Station O&MACS Vol . 1, Chapters
Mai nt enance 8, 9
Qdor Control in O&MACS Vol . 1, Chapter
Col | ection Systens 6
G ease Traps Section 4 O&MACS Vol . 1, Chapter
6
Treat nent QOperations
Facul tati ve Lagoons OMP Vol . 1, Chapter 9
| mhof f Tanks OMP Vol. 1, Chapter 5
Septic Tanks Section 3
Prelimnary Treatnent
Screeni ngs Process OMP Vol. 1, Chapter 4
Comm nut or s OMP Vol. 1, Chapter 4
Git Renoval OMP Vol. 1, Chapter 4
Fl ow Equal i zati on OMP Vol . 1, Chapter 7
Sept age Managenent Section 6
Primary Treat nent
Sedi nent ati on OMP Vol. 1, Chapter 5

Secondary (Bi ol ogi cal)
Tr eat ment
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Contents |Item

Wast ewat er
Tr eat nent
System
Qper ati ons and
Mai nt enance
Augnent i ng
Handbook

Sacranento Series

Overvi ew of
Acti vated Sl udge
Convent i onal
Acti vated Sl udge
Ext ended Aeration
Cont act
Stabilization
Step Feed
Package Pl ants
Oxi dation Ditches
Trickling Filters
Rot at i ng Bi ol ogi cal
Cont actors
Sequenci ng Batch
React ors
Aer at ed
Stabilization
Basi ns
Anaer obi ¢
Stabilization Ponds
Advanced Bi ol ogi cal
Tr eat nent
Ni t rogen Renoval
Phosphor ous Renoval
Conbi ned N P
Reroval
Tertiary Waste
Tr eat nent
Suspended Sol i ds
Reroval
Chem cal
Phosphor ous Renoval
Acti vated Carbon
Tr eat nent
Menmbrane Filtration
D si nfection
Chl orination
WV Di sinfection
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AW,
AW,

AW,
AW,
| WI,
| WI,

owmrpP
owmrpP

Vol . 2,
Vol . 2,
Vol . 2,
Vol . 2,
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Vol . 1,
Vol . 1,
Vol . 1,
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Chapt er
Chapt er
Chapt er
Chapt er
Chapt er
Vol . 1,
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Chapt er
Chapt er
Chapt er
7

Chapt er

Chapt er
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Wast ewat er
Tr eat nent
System
Qper ati ons and
Mai nt enance
Augnent i ng
Handbook

Sacranento Series

Ef fl uent Di sposal and
Reuse
Di scharge to
Surface Waters
lrrigation
Rapid Infiltration
Basi ns
Under gr ound
Di sposal
Extreme O imate OM
| ndustrial Waste
Tr eat nent
| ndustrial Waste
Moni tori ng
Accept abl e
Wast ewat er
Characteristics for
Bi ol ogi cal
Tr eat ment
Waste M nim zation
| ndustrial Waste
Pr et r eat nent
Equal i zat i on/
Di versi on
Ol /\Wwater
Separators
Fl ot ati on
Neutral i zation
Precipitation
Air Stripping
Car bon Adsorption
Sol i ds Handling and
Di sposal
Sol i ds
Char acteri zation
Sol i ds Punpi ng
Sol i ds Thi ckeni ng
Anaer obi ¢ Di gestion

Section 2

Section 2

Section 2

Section 7

Section 5
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OMP Vol . 2, Chapter

AW, Chapter 8
AW, Chapter 8

13

|W Vol. 1, Chapters 4,

5 6
W Vol . 1, Chapter

W Vol . 1, Chapter

W Vol . 1, Chapter

| W Vol .
| W Vol .
| W Vol .
| W Vol .
| W Vol .

, Chapter
Chapt er
Chapt er
, Chapt er
, Chapter

PR RRP P

AW, Chapter 3

OMP Vol . 2, Chapter
AW, Chapter 3

5

A D

AW, Chapter 3, OMP

12




M L- HDBK- 1138

APPENDI X B

Sacranento Series Cross Reference List

Contents |Item

Wast ewat er
Tr eat nent
System
Qper ati ons and
Mai nt enance
Augnent i ng
Handbook

Sacranento Series

Aerobi ¢ Digestion

Lime Stabilization
Conposti ng
Sol i ds Dewat eri ng

Dryi ng Beds
Sol i ds Di sposal

Fl ow Measur enent
Qdors and Qdor Control
at WMPs
Laboratory Procedures
Laboratory Sanpling
and Testing
Laborat ory Contr ol
Tests
Record Keepi ng
Pl ant Safety
| dentification of
Hazar ds
Protective
Equi prent
First Aid

Mai nt enance

Mai nt enance Pl anni ng
and Schedul i ng
Preventi ve Mi ntenance

Equi prrent  Mai nt enance
and Repair
| nstrunment ati on

Mechani ca
Punps

Equi prent

111

Vol . 2, Chapter 12
AW, Chapter 3, OMP
Vol . 2, Chapter 12
AW, Chapter 3

AW, Chapter 3

AW, Chapter 3, OMP
Vol . 2, Chapter 12
AW, Chapter 3, OMP
Vol . 2, Chapter 12
AW, Chapter 3, OMP
Vol . 2, Chapter 12
OMP Vol .1, Chapter 3
AW, Chapter 1

OMP Vol . 2, Chapter 16
OMP Vol . 2, Chapter 16
OMP Vol . 2, Chapter 16
OMP Vol . 2, Chapter 14
I ncl uded i n each

chapt er

I ncl uded i n each

chapt er

I ncl uded i n each
chapt er

I ncl uded i n each
chapt er

I ncl uded i n each

chapt er

I ncl uded i n each
chapt er

IWI Vol . 1, Chapter 12
AW, Chapter9

OMP Vol . 2, Chapter 15
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Wast ewat er
Tr eat nent
System
Qper ati ons and
Mai nt enance

Feedi ng
Enmer gency Pl anni ng

Augnent i ng
Contents Item Handbook Sacranento Series
OMACS Vol . 2, Chapters
8, 9
Val ves OMP Vol. 2, Chapter 15
OMACS Vol . 2, Chapter 8
Mot or s OMP Vol . 2, Chapter 15
OMACS Vol . 2, Chapter 9
Coupl ings and Drive OMP Vol. 2, Chapter 15
Mechani sns OMACS Vol . 2, Chapters
8, 9
Pl ant Checkl i st Thr oughout each manual
Corrosi on Control Section 8 AW, Chapter 2
Chem cal Storage and Section 9

OMP Vol . 2, Chapter 14
OMACS Vol . 1, Chapter 4
OMACS Vol . 2, Chapter
11

| ndex At the end of At the end of each
manual manual
OMP Operati on of Wastewater Treatnent Plants
OMANCS Oper ati on and Mai ntenance of Wastewater Coll ection
Syst ens
| WI | ndustrial Waste Treat nent
AW Advanced Waste Treat nent
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WMP OPERATOR CERTI FI CATI ON CONTACT LI ST

Associ ati on of Boards of Certification
208 Fifth Street

Anes, |owa 50010- 6259

Tel ephone: 515-232-3623

Fax: 515-232-3778

E-mai |l : anmesabc@uol . com

Kenneth D. Kerri

O fice of Water Prograns
California State University, Sacranento
6000 J Street

Sacranento, California 95819-6025

Tel ephone: 916-278-6142

E-mail: wateroffice@sus. edu

Wb Site: http://ww. owp. csus. edu

Wat er Environnent Federation

601 Wthe Street

Al exandria, Virginia 22314-1994

Tel ephone: 703-684-2400 or 800-666- 0206
Fax: 703-684-2492

E-mail: nmsc@wef.org

Wb Site: http://ww. wef.org
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ABC Associ ation of Boards of Certification
AC alternating current
API Anerican PetroleumlInstitute
BWP best managenment practice
BOD bi ochem cal oxygen demand
CBOD car bonaceous bi ochem cal oxygen demand
CFR Code of Federal Regul ations
COD chem cal oxygen demand
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