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The Unified Facilities Criteria (UFC) system is prescribed by MIL-STD 3007 and provides
planning, design, construction, sustainment, restoration, and modernization criteria, and applies
to the Military Departments, the Defense Agencies, and the DoD Field Activities in accordance
with USD(AT&L) Memorandum dated 29 May 2002. UFC will be used for all DoD projects and
work for other customers where appropriate. All construction outside of the United States is
also governed by Status of forces Agreements (SOFA), Host Nation Funded Construction
Agreements (HNFA), and in some instances, Bilateral Infrastructure Agreements (BIA.)
Therefore, the acquisition team must ensure compliance with the more stringent of the UFC, the
SOFA, the HNFA, and the BIA, as applicable.

UFC are living documents and will be periodically reviewed, updated, and made available to
users as part of the Services’ responsibility for providing technical criteria for military
construction. Headquarters, U.S. Army Corps of Engineers (HQUSACE), Naval Facilities
Engineering Command (NAVFAC), and Air Force Civil Engineer Support Agency (AFCESA) are
responsible for administration of the UFC system. Defense agencies should contact the
preparing service for document interpretation and improvements. Technical content of UFC is
the responsibility of the cognizant DoD working group. Recommended changes with supporting
rationale should be sent to the respective service proponent office by the following electronic
form: Criteria Change Request (CCR). The form is also accessible from the Internet sites listed
below.

UFC are effective upon issuance and are distributed only in electronic media from the following
source:

¢ Whole Building Design Guide web site http://dod.wbdg.org/.

Hard copies of UFC printed from electronic media should be checked against the current
electronic version prior to use to ensure that they are current. /1/
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= “ﬂ:ﬁ:@&_\_ On MQ_C—\Q/\W

DONALD L. BASHAM, P.E. : LJAMES W WRIGHT{ P.E.
Chief, Engineering and Construction f Engineer
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CHAPTER 1
INTRODUCTION
1-1 PURPOSE AND SCOPE. This UFC is comprised of two sections.

Chapter 1 introduces this UFC and provides a listing of references to other Tri-Service
documents closely related to the subject. Appendix A contains the full text copy of the
previously released Military Handbook (MIL-HDBK) on this subject. This UFC serves as
criteria until such time as the full text UFC is developed from the MIL-HDBK and other
sources.

This UFC provides general criteria for repairs and utility service to food
service equipment.

Note that this document does not constitute a detailed technical design,
and is issued as a general guide to the considerations associated with repairs and utility
service to food service equipment.

1-2 APPLICABILITY. This UFC applies to all Navy service elements and
Navy contractors; Army service elements should use the references cited in paragraph
1-3 below; all other DoD agencies may use either document unless explicitly directed
otherwise.

1-2.1 GENERAL BUILDING REQUIREMENTS. All DoD facilities must comply
with UFC 1-200-01, Design: General Building Requirements. If any conflict occurs
between this UFC and UFC 1-200-01, the requirements of UFC 1-200-01 take
precedence.

1-2.2 SAFETY. All DoD facilities must comply with DODINST 6055.1 and
applicable Occupational Safety and Health Administration (OSHA) safety and health
standards.

NOTE: All NAVY projects, must comply with OPNAVINST 5100.23 (series), Navy
Occupational Safety and Health Program Manual. The most recent publication in this
series can be accessed at the NAVFAC Safety web site:
www.navfac.navy.mil/safety/pub.htm. If any conflict occurs between this UFC and
OPNAVINST 5100.23, the requirements of OPNAVINST 5100.23 take precedence.

1-2.3 FIRE PROTECTION. All DoD facilities must comply with UFC 3-600-01,
Design: Fire Protection Engineering for Facilities. If any conflict occurs between this
UFC and UFC 3-600-01, the requirements of UFC 3-600-01 take precedence.

1-2.4 ANTITERRORISM/FORCE PROTECTION. All DoD facilities must
comply with UFC 4-010-01, Design: DoD Minimum Antiterrorism Standards for
Buildings. If any conflict occurs between this UFC and UFC 4-010-01, the requirements
of UFC 4-010-01 take precedence.

1-1
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ABSTRACT

This handbook augments six Water Environment Federation (formerly
Water Pollution Control Federation) manuals selected by the
Department of Defense to serve as basic design guidance. These
Water Environment Federation (WEF) manuals address most topics
pertinent to wastewater treatment system design. However, some
topics important to military facilities are not covered In detail
in the WEF manuals or require particular emphasis. This handbook
addresses those topics and includes the following topic areas:
wastewater treatment facility planning and design development
(including regulatory compliance and management), wastewater flow
rates and characteristics, Navy wastewater collection and
transmission systems, oil and water separators, package plants
and small flow treatment systems, lagoon systems, chemical
storage and handling considerations, effluent disposal/
reclamation, solids conveyance and solids pretreatment,
laboratory facilities and sample collection system design, and
corrosion control.
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FOREWORD

This handbook is approved for use by all Departments and Agencies
of the Department of Defense. It iIs intended to guide the reader
in the design of wastewater treatment systems. Commercial
equipment and materials mentioned in this handbook are i1ncluded
for illustration purposes and do not constitute an endorsement.

Beneficial comments (recommendations, additions, deletions) and
any pertinent data which may be of use In iImproving this document
or the WEF manuals should be submitted on the DD Form 1426
Standardization Document Improvement Proposal and addressed
through major commands to:

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

Army: HQ USACE/CEMP-ET, 20 Massachusetts Avenue, Northwest,
Washington, DC 20314-1000.

Navy: NAVFAC Criteria Office, 1510 Gilbert St., Norfolk, VA
23511-2699.

DO NOT USE THIS HANDBOOK AS A REFERENCE IN A PROCUREMENT DOCUMENT
FOR FACILITIES CONTRUCTION. IT IS TO BE USED IN THE PURCHASE AND
PREPARATION OF FACILITIES PLANNING AND ENGINEERING STUDIES AND
DESIGN DOCUMENTS USED FOR THE PROCUREMENT OF FACILITIES
CONSTRUCTION (SCOPE, BASIS OF DESIGN, TECHNICAL REQUIREMENTS,
PLANS, SPECIFICATIONS, COST ESTIMATES, REQUEST FOR PROPOSALS, AND
INVITATION FOR BIDS). DO NOT REFERENCE IT IN MILITARY OR FEDERAL
SPECIFICATIONS OR OTHER PROCUREMENT DOCUMENTS.
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WASTEWATER TREATMENT SYSTEM DESIGN CRITERIA MANUALS

Criteria Manual Title Preparing Activity

MIL-HDBK-1005/9 Industrial and Oily NAVFACENGCOM 15C
Wastewater Control

El 11C201 Wastewater HQ USACE-CEMP
Collection and Pumping

Military-adopted commercial wastewater treatment system guidance
(Primary Design Guidance Document), published by WEF:

Design of Municipal Wastewater Treatment Plants (Manual of
Practice [MOP] 8, Volumes 1 and I11) (Jointly published with
the American Society of Civil Engineers [ASCE] as Report on
Engineering Practice No. 76.)

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

Design of Wastewater and Stormwater Pumping Stations
(VMOP FD-4)

Alternative Sewer Systems (MOP FD-12)

Existing Sewer Evaluation and Rehabilitation (MOP FD-6)
(Jointly published with ASCE as Report on Engineering
Practice No. 62.)

Wastewater Disinfection (MOP FD-10)
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Section 1: INTRODUCTION

1.1 Scope of This Handbook. This handbook supplements the
set of commercial design guidance documents adopted by the
military for use In designing wastewater treatment facilities at
military installations. That primary design set consists of six
manuals of practice (MOPs) published by the Water Environment
Federation (WEF, formerly known as the Water Pollution Control
Federation). As an augmenting handbook, this guidance should be
used In conjunction with those commercial manuals.

Personnel responsible for designing fixed-base
wastewater treatment systems, including experienced engineering
personnel within the Air Force, Army Corps of Engineers (COE),
and Navy as well as contract architectural engineering (A/E)
personnel, should refer to each of the six WEF MOPs and to this
augmenting handbook.

1.1.1 Use and Limitations. This handbook is a process design
guide and does not address general plant design. In designing
and constructing any wastewater treatment facility, numerous
design details need to be considered. They include water supply
systems, lighting requirements, service buildings and equipment,
landscaping, and proprietary processes and equipment.
Requirements for these design elements are given iIn other
military and service-specific publications.

Design personnel should also check current service
policy documents for detailed instruction. Service-specific
directives take precedence over information contained in
this handbook. Facility fencing and security guidance is
provided in MIL-HDBK-1013/1, Design Guidelines for Physical
Security of Fixed Land-Based Facilities and MIL-HDBK-1013/10,
Design Guidelines for Security Fencing, Gates, Barriers, and
Guard Facilities.”

1.1.2 Primary Design Guidance Documents. The WEF manuals are
the primary technical guidance source for the design of
wastewater treatment systems. The WEF set includes the following
publications, several of which are published jointly with the
American Society of Civil Engineers (ASCE):
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a) WEF MOP 8, Design of Municipal Wastewater
Treatment Plants (Volumes I & 1l1) (ASCE Report on Engineering
Practice No. 76)

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

C) WEF MOP FD-4, Design of Wastewater and Stormwater
Pumping Stations

d) WEF MOP FD-12, Alternative Sewer Systems

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

) WEF MOP FD-10, Wastewater Disinfection

1.1.3 Augmenting Handbook. This handbook guides the reader
on those topics that are relevant to designing wastewater
treatment systems at military facilities and that are not covered
in the WEF manuals. It also supplies information on topics
covered In the WEF set but deserving of special emphasis. Where
discrepancies occur between this handbook and the WEF manuals,
the information here takes precedence and should be used.

To provide military personnel with the most up-to-date
information available, this handbook points the reader to
training guides, handbooks, and other documents published by
authorities in the wastewater treatment design field. The most
recent edition of all referenced publications are considered to
be part of this handbook.

1.2 Organization of Handbook. 1t i1s suggested that the
reader become familiar with the organization, content, and
intended use of this handbook by first looking at the table of
contents. Next, the reader may page through the manual to get an
overall i1dea of the organization. For some topics, the reader
will be guided to published sources for additional detailed
information.

Appendix A provides a directory of topics related to
process design. The directory, intended to serve as a Cross
reference for readers, lists each topic along with the WEF manual
chapter and/or MIL-HDBK-1005/16 section in which it i1s discussed.
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1.3 Cancellation. This handbook replaces MIL-HDBK-1005/8,
Domestic Wastewater Control, TM 5-814-3, and AFM 88-11 Vols. 1,
2, and 3, Domestic Wastewater Treatment. MIL-HDBK-1005/8 has
been i1nactivated, but will be available through the Construction
Criteria Base (CCB) for reference on past projects. Hard copies
of TM 5-814-3 and AFM 88-11 Vols. 1, 2, and 3 should be retained
for reference on past projects.
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Section 2: WASTEWATER TREATMENT FACILITY PLANNING
AND DESIGN DEVELOPMENT

2.1 Introduction. There are a number of topics outside the
detailed design of wastewater treatment systems that also must be
addressed prior to design. The first two chapters of WEF MOP 8
contain general facility planning and design development guidance
for such areas as project sequencing and design standards,
procurement alternatives, defining objectives, and the future
trends i1n wastewater treatment. This information Is augmented iIn
this handbook section through a discussion of the following
topics:

a) A review of regulatory compliance and management
issues for addressing permitting needs and defining the level of
treatment required

b) Facility planning activities, including the need to
conduct engineering studies prior to design to establish the need
for new or modified facilities, to develop the design basis for
those facilities, and to determine the most efficient alternative
for achieving the objectives based on cost and non-cost criteria

C) Additional planning and budgeting activities that
should be part of the design, such as the need for site-specific
0&M manuals, facility startup training, and facility performance
testing

d) General design guidance regarding beneficial reuse
of solids, wastewater reuse, and considerations for cold climate
design

Additional requirements for planning and commissioning
of wastewater treatment plants are included in MIL-HDBK-353,
Planning and Commissioning Wastewater Treatment Plants.
MIL-HDBK-353 1ncludes requirements for programming, including
preparation of a Requirements and Management Plan (RAMP), design,
construction, Inspection commissioning, and performance
commissioning.

2.2 Regulatory Compliance and Management

2.2.1 Federally Owned Treatment Works (FOTWs). Generally,
FOTWs are operated and administered under similar permitting and
operational provisions set forth for publicly owned treatment
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works (POTWs). That is, these facilities comply with the
construction permitting, operational permitting, and effluent
discharge and residuals handling permitting requirements as
administered by individual states and/or the U.S. Environmental
Protection Agency (EPA).

2.2.2 Permitting Requirements. Permits are issued for the
construction or modifications of FOTWs, discharge of treated
effluent, discharge of stormwater runoff, and residual solids
management practices. These permits can be issued by Federal
(EPA), state, or local governments. Sometimes all three levels
of government iIssue separate permits. More often, the FOTW
operating permits are combined.

Managed by the EPA, the National Pollutant Discharge
Elimination System (NPDES) program issues NPDES operating permits
required before an FOTW can discharge any process water into
waters of the state. Many states are considered to have “NPDES
primacy,” meaning they are authorized to issue these permits.
Typically, states with this primacy will also Incorporate any
unique state requirements into the NPDES permit. Some states
also have their own discharge permitting program. This program
requires the permittee to obtain a state discharge permit in
addition to the NPDES discharge permit. Local governments may
have separate requirements, so FOTW designers should check with
local pollution control agencies to determine what local
requirements may also pertain. FOTW designers will need to be
aware of all operating permit requirements to effectively design
or modify existing systems. In addition to wastewater, NPDES
permits can also address stormwater and solids. Treated effluent
that i1s entirely disposed 1nto the groundwater does not need an
NPDES permit to discharge, but i1t may be subject to NPDES permits
for stormwater or solids. A valid NPDES permit will identify the
owner, describe the process, describe the discharge location and
frequency, and contain specific and general conditions.

An NPDES permit is not a construction permit. In some
states, an owner may construct or modify a facility, but i1t iIs a
violation to operate the modified facility until a valid
operating permit Is obtained. Other states limit all
construction activities until the changes or modifications are
approved. Any change or modification to the process should be
reviewed with the permitting agency prior to implementation to
determine 1t a permit modification Is required.
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2.2.2.1 Stormwater NPDES Permit. In accordance with 40 CFR
122.26, stormwater associated with industrial activities is
managed under a separate stormwater NPDES program. FOTWs that
treat more than 1 million gallons per day (ngd) (4 million liters
per day [ML/d]) are included in the stormwater NPDES permitting
program as a categorical industrial facility. Although
stormwater could be included In the operating permit listed
above, most facilities obtain a general stormwater NPDES permit.
This permit is maintained separately from the other permit and
would require special reporting or applications. Construction of
wastewater treatment plants over 5 acres in area will require a
stormwater construction permit.

2.2.2.2 Residual Solids Permit. FOTW residual solids
management has received special attention under the Code of
Federal Regulations (CFR) 40 Part 503. Solids management will
typically be addressed as part of the FOTW operating permit.
However, even i1f there i1s no discharge to state or Federal waters
and, consequently, no discharge permit, a separate permit for the
solids may still be required.

2.2.3 Permit Renewal. NPDES permits are valid for up to

5 years. Permit renewal applications must be submitted 180 days
(about 6 months) before the expiration date. Ideally,
preparation for the application begins about 1 year before the
permit application is due. Preparation involves assessing plant
performance and Improvement needs and conducting the necessary
planning and design required to keep the facility in compliance.
Document this review In a Capacity Analysis Report and an
Operation and Maintenance Report, as described below. These
reports are typically prepared by licensed engineering staff.
Each of these reports may take a couple of months to develop and
may lead to additional work, so a l-year lead time is not
excessive.

IT the permit renewal 1s due and the assessments are
not complete, the FOTW must still apply 180 days before the
deadline. Fairlure to apply in a timely manner is a permit
violation. Changes to the permit can be applied for at any time
during the permit duration. There may be an additional fee for
each permit modification application. Combining requests for
changes with the permit renewal application is often convenient.
IT the existing permit is being violated regularly, the FOTW may
need to conduct the facilities planning assessments described iIn
par. 2.5 and act before permit expiration.
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2.2.4 Permit Application Forms. Contact the permitting
agencies to obtain the latest forms required for permit renewal
or changes. NPDES applications usually consist of a Form 1,
containing general owner information, and Form 2A, containing a
substantial amount of wastewater treatment plant information.
These forms require historical plant operation data and much of
the same Information required for the Capacity Analysis Report
and the Operations and Maintenance Report. The Federal
government does not charge a fee, but state and local agencies
may assess application-processing fees.

2.3 Governing Effluent Limitations. In planning any
wastewater treatment facility, 1t 1s essential that the specific
set of effluent limitations the facility will be required to meet
is defined at the start of the planning process. Potential new
requirements for effluent limitations should also be identified
so they can be considered in the planning and design of the
facility.

2.3.1 Current Trends in the Wastewater Industry That Affect
Effluent Permitting. The regulatory agencies (eirther state
and/or EPA) responsible for the issuance of discharge permits are
implementing more comprehensive programs to ensure protection of
the water quality standards of the state’s streams. In addition,
the regulatory agencies are implementing basinwide permitting
programs designed to bring streams that have been identified as
not currently meeting water quality standards into compliance.
This program evaluates all sources of pollution (point and
nonpoint sources); through the development of total maximum daily
loads (TMDL) for the watershed, the program allocates allowable
discharge levels from all sources within the drainage basin.

This could mean that more restrictive effluent limits will be
placed In discharge permits. The use of TMDL in the permitting
process will be prevalent in the future. As facilities go to
basinwide permitting, permit renewals may occur over a period of
less than five years.

2.3.2 Water Quality Standards. Effluent limits contained iIn
the NPDES permit are developed by the permit writer and are
normally based on state water quality standards for the receiving
stream. These effluent limits are called “water quality-based
effluent limits.” These are generally more stringent than
technology-based standards. Each stream iIn the state is
classified 1In the water quality standards according to its
existing or potential uses. Specific and general standards apply
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to each classification. These standards are then used to develop
the effluent limits for the discharger.

The inclusion of water quality-based effluent limits iIn
the permit is based on a review of the effluent characterization
presented iIn the discharger’s permit application (EPA Form 2C).
This review, conducted by the permit writer, assesses the
presence of compounds that could violate the water quality
standards. For these compounds, permit limits will be i1dentified
wherever possible.

2.3.2.1 Waste Load Allocation. Most NPDES permits include
limits on oxygen-demanding substances (such as carbonaceous
biochemical oxygen demand [CBOD] and ammonia). Development of
these limits 1s typically based on a waste load allocation for
the receiving stream. Stream modeling is used to assess the
assimilative capacity of the stream based on the applicable
dissolved oxygen (DO) standard. This capacity is then allocated
among all the dischargers iIn the area. Generally, some portion
of the stream”s capacity is reserved for future dischargers.

Waste load allocation modeling typically consists of a
desktop effort for small discharges and a calibrated and verified
model based on field measurements for larger discharges.

Modeling can be performed by the discharger or by the state
agency. Regardless of who performs the modeling, 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 with the public
notice for the NPDES permit.

2.3.2.2 Chemical-Specific Criteria. Water quality-based
effluent limits can be based on chemical-specific criteria from
the water quality standards (such as for metals or toxics) or on
general narrative criteria. Specific criteria are used to
develop effluent limits, and 1n many cases an allowance for
dillution i1n the receiving stream is provided. Typically, some
portion of the 7Q10 low-flow (the seven-day low stream flow
projected to recur every ten years) for the receiving stream is
used for dilution purposes. Background concentrations iIn the
receiving stream must also be considered in these calculations.
Where the 7Q10 low-flow is zero, the criteria will apply at the
point of discharge, prior to any dilution. In these cases i1t may
be more economical to go to zero-discharge systems, reuse, or
alternate discharge points.
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2.3.3 Wastewater Effluent Toxicity. Effluent limits to
minimize the toxic effects of discharges on aquatic life are
increasingly being added to NPDES permits. These limits can
apply to specific aquatic life or can contain general criteria to
limit toxicity.

2.3.3.1 Aquatic Life Criteria. For aquatic life criteria,
acute or chronic values apply. The application of acute versus
chronic criteria depends on a number of items, including the use
classification and the available dilution i1n the receiving
stream. Generally, 1f the available dilution i1s greater than
100 to 1, the acute criteria apply.

2.3.3.2 General Narrative Criteria. An example of a general
narrative criteria follows:

Toxic substances shall not be present iIn receiving waters,
after mixing, In such quantities as to be toxic to human,
animal, plant or aquatic life or to interfere with the
normal propagation, growth and survival of the indigenous
aquatic biota.

To address this narrative criteria, most states apply a
whole-effluent toxicity requirement in the permit. The whole-
effluent 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 organisms and 1iIs
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. Whole-effluent toxicity
tests use standardized surrogate freshwater or marine plants,
invertebrates, and vertebrates. The test iIs run at the same
dilution as i1s allowed for the wastewater i1n the receiving
stream. IT the criteria cannot be met, a toxicity reduction
evaluation of the discharge must be conducted.

2.3.4 Negotiation of Effluent Limits. Careful review by the
discharger of the specific basis used for the water quality-based
effluent limits is advisable. In many cases, the basis used to
develop the effluent limits 1s open to negotiation. Potential
changes to the effluent limitations should also be discussed with
the regulatory agency. In many cases, future limitations may
affect the initial selection and design of treatment processes.
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2.3.5 Wastewater Reuse. Two general categories of wastewater
management exist: wastewater disposal and wastewater reuse.
Several states and communities have, for decades, been promoting
the beneficial reuse of wastewater as a way of reducing both
water demands and wastewater disposal to the environment.
Wastewater treated to appropriate standards and reused is often
referred to as reclaimed water. The most common reuse projects
involve the use of reclaimed water for irrigation purposes

(e.g., golf courses, residential, and commercial). Other uses of
reclaimed water may include fire protection, landscape features
(ponds or fountains), and industrial supply. Generally, a
project is considered a reuse project only 1f the reclaimed water
discharge enhances the environment or replaces or generates a
future potable water supply. A groundwater monitoring plan is
often required as part of a reuse system to demonstrate that
compliance with appropriate groundwater quality standards is
maintained throughout normal operation of the reuse system.

Groundwater discharge is sometimes referred to as
“groundwater recharge” and may be considered reuse if i1t is used
to replenish a freshwater aquifer. However, contamination of a
potential drinking water supply may be a concern. Groundwater
recharge may be in the form of slow rate infiltration (e.g., land
application) or rapid rate infiltration (e.g., through injection
wells or percolation ponds). Most land application projects that
rely on groundwater infiltration for effluent disposal would be
considered disposal projects, not reuse projects, unless i1t can
be demonstrated that the groundwater infiltration i1s beneficially
recharging a usable aquifer without degrading the quality of the
aquifer for future potable or nonpotable uses. Rapid rate
infiltration reuse projects may include banking of reclaimed
water to augment future reuse systems, or saltwater intrusion
barriers to protect or enhance future potable or nonpotable
groundwater supplies. Deep well injection to a saltwater aquifer
is not typically considered to be reuse; however, injection wells
may provide an important component of a reuse system to allow for
disposal of excess wet weather flows.

Any disposal to natural surface waters is considered an
NPDES discharge and will be subject to all applicable rules.
IT this discharge i1s to a saltwater body, no reuse can be
demonstrated. However, If the discharge 1s to a freshwater body
that i1s subsequently used for indirect potable or nonpotable
water supplies, such as a golf course pond, a beneficial reuse
may exist as long as no water quality degradation has occurred.

10
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2.3.6 Land Disposal. Disposal of wastewater effluent on the
land may be an alternative where no acceptable surface water
discharge exists or where treatment requirements for a surface
water discharge would be too restrictive. No NPDES permit is
required for land application, but a state permit is normally
required. IT land is available and land application appears to
be a feasible option, treatment and disposal requirements must be
coordinated with the appropriate regulatory agency. An FOTW not
covered under an NPDES permit is subject to Resource Conservation
Recovery Act (RCRA) regulations i1f 1t receives hazardous waste.

2.4 Design Requirements for Cold Climates. Some military
installations are located 1n areas of extreme cold, including
arctic and subarctic regions. Because extreme cold significantly
affects the design and operation of wastewater facilities,
special considerations are required when facilities are to be
located i1n these conditions. Detailed information on cold
weather design Is presented in the technical manual T™M
5-852-1/AFR 88-19, Volume 1, Arctic and Subarctic Construction
General Provisions. Additional information is provided i1n Cold
Regions Utilities Monograph, American Society of Civil Engineers,
1996.

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

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

b) Freezing. Many of the normal components of
wastewater facilities, such as influent screening, grit removal,
and primary treatment, are subject to freezing iIn extremely cold
regions. These facilities will typically need to be enclosed or
covered, and aboveground tanks may require insulation. Design
biological processes such as lagoons and ponds to withstand the
effect of ice, and use submerged aeration systems.

c) Processes. Both chemical and biological processes
are negatively affected by extreme cold. Chemical reaction rates
are generally slower at low temperatures, and chemical
solubilities are reduced. The rates of biological reactions are
also reduced greatly, which affects the sizing of biological
treatment processes. In general, processes with long retention

11
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times are required to provide adequate treatment. The biological
processes that have been used most successfully in cold climates
include lagoons or ponds, either facultative or aerated,
activated sludge with long solids retention times, and attached
growth systems. Attached growth systems such as trickling
filters and rotating biological contactors should not be used
unless they are adequately enclosed and protected from the cold.
Suspended growth systems with short solids retention times such
as conventional activated sludge should also be avoided.

In addition to the direct effects of cold on the design
and operation of wastewater facilities, wastewater
characteristics will generally differ from those iIn temperate
regions. Wastewater iIn arctic and subarctic regions typically
will be primarily domestic in nature and higher iIn strength than
at comparable facilities in other regions.

2.5 Facilities Planning. MIL-HDBK-353 describes the
planning required for precommissioning a wastewater treatment
facility. The sections below describe reports to be prepared as
part of the facilities planning process.

2.5.1 Capacity Analysis Report. This report documents the
predicted future flows and loads within the treatment facility,
and evaluates the capacity of existing unit processes to reliably
treat those loads for the next permitting cycle. The historical
flows and the treatment performance of the previous 5 years need
to be analyzed. The CBOD and total suspended solids (TSS) loading
(in pounds per day) also need to be verified. Population and flow
and load projections are then made to estimate future loads, based
on projected growth from changing or expanding missions. The
capacity of each unit process needs to be determined. Note that
these capacity assessments may already have been done for past
renewals. However, the capacity rating of each process needs to
be checked against the latest loadings and flow. Reliability and
backup provisions must also be adequate.

Finally, an assessment of the future 5-year flow and
loads needs to be conducted. If the plant i1s undersized, an
expansion needs to be initiated and a Preliminary Engineering
Report for improvements developed. Higher discharge loads will
also precipitate additional permit application requirements to
address antidegradation issues. Modeling of the effluent may be
required to evaluate the impact of the discharge on the water
quality of the receiving stream and to develop appropriate

12
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effluent limits for the discharge. These limits would have to be
incorporated into the state’s 208 Water Quality Management Plan.

2.5.2 Operation and Maintenance Report. This report reviews
plant operations data over the last permit cycle to evaluate
needed Improvements to the facility. Any upsets or spills need
to be reviewed to determine the cause and possible solution.
Some water quality exceedances may be a result of operation
practices and need to be reviewed. The condition of the
facilities, such as the need for painting and other routine
maintenance, is evaluated. Some needs may require changes to the
process or construction approval. Permit renewal is a good time
to include major changes. However, not every maintenance item
needs to be reported to the agencies. Confirmation from the
agency on which items need permitting is recommended after the
Operation and Maintenance Report i1s completed.

2.6 Programming. MIL-HDBK-353 describes programming
requirements for planning and commissioning wastewater
facilities. A RAMP must be finalized prior to designing a
project. ETL 95-2, Preparation of Requirements and Management
Plan Packages for Military Construction (MILCON) Program
Projects, provides guidance on preparation of RAMP packages.

2.7 Preliminary Engineering Report. After a RAMP is
finalized, a Preliminary Engineering Report should be prepared.
This report should be prepared as part of the programming phase and
before design initiation. The Preliminary Engineering Report will
outline what changes are required to attain or maintain compliance.
Typically, this report will contain a summary of the future flows
and loads to be treated (from the Capacity Analysis Report),

a review of any alternative evaluations used to select the
appropriate treatment technologies, and a conceptual-level design
for upgraded facilities. A professional engineer sizes and plans
for appropriate process changes. The Preliminary Engineering
Report is sometimes submitted as part of the construction permit
application. Some states may require final construction drawings
before approving the changes, while others may issue a construction
permit based solely on the Preliminary Engineering Report. The
Preliminary Engineering Report should include, as a minimum, the
information discussed in the following subparagraphs.

2.7.1 Design Basis. Present the design basis for the
proposed wastewater facilities, including the following:
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a) Service Area Description. Define the area and
users to be served by the proposed facilities. Any known users
that are to be excluded from the service area or that will
require pretreatment prior to discharge to the wastewater
facilities should be i1dentified.

b) Projected Flows and Loads. Summarize wastewater
flows and loads to be handled by the proposed facilities in
accordance with Section 3 of this handbook and as defined in the
par. 2.5.1, Capacity Analysis Report. Ildentify major industrial
and other significant discharges, such as ship holding tank
discharges. 1In general, provide flows iIn 5-year increments over
the planning period for the facilities. A 20-year plan should
normally be used for evaluating wastewater facilities.

C) Effluent Requirements. Provide tentative effluent
limitations based on review of regulatory requirements and
discussions with the governing regulatory agency. Potential
future changes to the effluent limitations should also be
discussed.

d) Residuals Solids Handling Requirements. Provide
anticipated disposal methods for residual solids and associated
regulatory requirements. Methods may Include current practices
such as landfilling and land application.

e) Other Regulatory Requirements. Ildentify other
regulatory requirements that may affect the facility’s evaluation
and design, including reliability requirements, air pollution
standards, noise ordinances, and hazardous material storage and
handling requirements.

2.7.2 Alternatives Evaluations. [In general, alternatives
evaluations should be performed to determine the facility
configuration and processes that will most cost effectively meet
the requirements i1dentified in the design basis. In some cases, iIf
a facility i1s being expanded and 1t is designed for expansion using
the same processes, only limited evaluations may be required (such
as alternative equipment selections). However, 1If an analysis to
determine cost effectiveness Is not performed, the basis for
selecting the proposed facilities should still be documented.

Evaluate alternatives for liquid treatment processes to
meet effluent limitations and solids treatment processes for
handling and disposing of residuals. When evaluating liquids
treatment processes, consider how the processes will affect the
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quantity and characteristics of residuals. In addition, recycle
flows from solids handling and treatment processes can
significantly affect liquids treatment processes and should be
evaluated.

As an alternative to new or modified facilities,
consider tying into existing POTWs by evaluating life-cycle
costs. Consult service policies on tie-in criteria. In general,
alternatives should be evaluated using a cost analysis that
considers both life-cycle costs and other non-monetary evaluation
criteria.

2.7.2.1 Life-Cycle Costs Evaluation. Evaluate alternative
wastewater processes and facility configurations using order-of-
magnitude costs and a life-cycle cost evaluation, which includes
the following:

a) Capital costs, including construction costs and
associated legal, engineering, and administrative costs

b) Annual 0&M (operation and maintenance) costs
estimated for the planning period of the project, usually 20
years

C) Replacement costs for equipment and facilities
during the planning period

d) Salvage value and demolition or decommissioning
costs for facilities at the end of the planning period

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

Capital costs, annual 0O&M costs, and total present-
worth costs should be presented for each alternative.

2.7.2.2 Non-Monetary Evaluation. Alternatives should also be
evaluated using non-monetary criteria, which should be
established with iInput from key personnel responsible for the
construction and operation of the proposed facilities. Table 1
presents several non-monetary evaluation criteria.

Evaluation using non-monetary evaluation criteria is
largely subjective and, therefore, should be done with the
participation of key personnel. If desired, non-monetary
criteria can be weighted, and each alternative can be ranked for
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each criterion. A total non-monetary ranking can then be
established for each alternative.

2.7.2.3 Alternatives Selection. Select alternatives based on
the lowest total present-worth costs unless there are overriding
non-monetary factors. |If alternative costs are comparable, use
the non-monetary criteria to select the best alternative.

Table 1
Non-Monetary Evaluation Criteria

Criteria Comments

Operability

Ease of operation Minimizes operator attention/expertise
required to ensure successful process
performance

Ease of maintenance Maintenance requirements not excessive

and do not require special expertise;
facilities and equipment readily
accessible

Operator familiarity |Staff familiarity and ability to use
staff experience from existing
facilities
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Table 1 (Continued)

Non-Monetary Evaluation Criteria

Criteria

Comments

Environmental

Reliability

Demonstrated
performance

Hydraulic sensitivity

Waste loading
sensitivity

Process control
stability

Flexibility

Effects
Odor

Noise

Visual impacts

Effects on floodplain
Effects on wetlands

Footprint

Expandability

Footprint
Flexibility

Proven process/technology to meet permit
limits reliably

Capability to handle variations in
hydraulic loads with minimal process
impacts

Capability to handle variations in waste
loads with minimal process Impacts

Not subject to upset from inadvertent
operational changes, toxic slugs

Capability for changes in process
operations to handle differing waste load
conditions and to meet differing
treatment objectives for different
effluent requirements

Minimizes potential for odors
Minimizes potential for noise

Minimizes negative visual
facility

impact of

Minimizes changes to floodplain
Minimizes changes to wetlands

Minimizes footprint and disruption to
site, including removal of trees, etc.

Maximizes area available for expansion

Easily modified to meet differing future
loads, effluent requirements, and/or
treatment objectives

17




MIL-HDBK-1005/16

2.7.3 Recommended Plan. Describe the recommended plan for
the wastewater facilities based on the alternatives evaluation.
This will consist of a conceptual design for the recommended plan
and should include the following:

a) Process design criteria and preliminary sizing of
process facilities and equipment

b) Preliminary hydraulic profile based on the peak
design flow

C) Preliminary mass balance for plant showing process
performance and residuals production based on design loadings

d) Site layout showing location of major facilities
e) Preliminary layouts for major process facilities
) Overall electrical feed and distribution plan

9) Overall iInstrumentation and control plan
indicating the type of system proposed and major process control
and monitoring functions

h) Specific provisions to meet other regulatory
requirements such as stormwater drainage and treatment

2.7.4 Beneficial Reuse of Solids. Consider beneficial reuse
when evaluating alternatives for the disposal of residual solids
from wastewater facilities. Stabilized solids from biological
treatment processes are commonly applied to agricultural land,
where they can improve crop production. Biological solids can
also be further treated by composting or other processes to
produce material that is acceptable for public use for
horticultural and landscaping purposes. Industrial wastes such
as heavy metals can limit the feasibility of beneficial reuse,
which 1s one reason for eliminating, reducing, or pretreating
industrial wastewaters prior to their discharge to the FOTW.

The disposal of residual solids is regulated by 40 CFR
Part 503. This regulation specifies the treatment and disposal
requirements for beneficial reuse of residual solids. There are
two general types of solids, Class A and Class B, which are
classified based on the level of solids treatment provided and
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the characteristics of the solids. Class A and B solids can be
applied in bulk form to agricultural land, forests, or
reclamation sites. Class A solids can also be applied 1n bulk
form to lawns or gardens, or sold or given away iIn bags or other
contailners.

For additional information on the Part 503 regulations,
refer to EPA/G25/R-92-013, Environmental Regulations and
Technology: Control of Pathogens and Vector Attraction in Sewage
Sludge (Including Domestic Sewage) Under 40 CFR Part 503.

2.8 0&M Manuals. Every wastewater facility should have a
site-specific, up-to-date 0&M manual to provide guidance to the
facilities staff. Regulators generally require these manuals;
see MIL-HDBK-353 for additional requirements. As part of any
wastewater facilities construction or expansion project, prepare
a new manual or update or supplement the existing manual to
include the new facilities. O0&M manuals will generally consist
of two major parts: the operations manual, which is normally
prepared by the designer of the facilities, and a maintenance
manual, which Includes the equipment manufacturer’s
recommendations and procedures for maintenance.

2.8.1 Operations Manual. The operations portion of the 0&M
manual should normally be prepared by the design engineer. The
operations manual should include the following:

a) Plant design basis, including design flows and
loads, hydraulic profile, mass balance, and effluent limitations.
Include all current permit requirements.

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

C) Process data summary presenting process design
criteria, basin/tank sizes, and equipment type, size capacity,
horsepower, speed, and manufacturer.

d) Process schematics showing all normal and
alternative flow paths, valving, and instrumentation and
controls.

e) Operating procedures, including process startup,

shutdown, normal operations, and emergency operations, if
applicable.

19



MIL-HDBK-1005/16

) Instrumentation and control system description,
including locations and functions of all operator interfaces.

9) Process control procedures, including required
testing and calculations necessary to monitor and control
process. ldentify potential operational problems, causes, and
corrective procedures.

h) Unlless included elsewhere, sampling and laboratory
procedures and requirements for recordkeeping.

1) Unlless included elsewhere, safety procedures
including those for storage and handling of any hazardous
materials used on site, electrical hazards, confined space entry,
and all other applicable safety-related topics.

2.8.2 Maintenance Manual. The maintenance manual portion of
the 0&M manual primarily provides information on procedures for
maintaining, troubleshooting, and repairing facility equipment.
This information should be provided by the equipment
manufacturers as part of the construction contract, which should
specify the minimum information required. The contractor should
be required to compile the maintenance information into a single
manual for the facility. Maintenance manuals should cover
equipment, controls, accessories, components (e.g., motors, speed
reducers), and appurtenances. MIL-HDBK-353 defines requirements
for maintenance manuals. Manuals should include the following
information:

a) Diagrams and illustrations.

b) Detailed description of the function of each
principal component of any system.

C) Performance and nameplate data of each component.

d) Name, address, and telephone numbers of the
following: manufacturer, manufacturer®s local representative,
nearest parts supply house, and nearest repair service.

e) Installation instructions.

) Procedure for starting.

9) Proper adjustment.
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h) Test procedures and results of factory tests where
required.

1) Procedure for operating, including both individual
components and the entire system (where the manual is for a
system).

J) Shutdown instructions for both short and extended
durations.

k) Emergency operating instructions.

1) Troubleshooting guide including common problems,
symptoms, causes, and remedies.

m) Safety precautions.

n) Maintenance and overhaul instructions, illustrated
with detailed assembly drawings clearly showing each part with
part numbers and sequentially numbered parts list. Include
instructions for ordering spare parts as well as complete
preventive maintenance and overhaul iInstructions required to
ensure satisfactory performance and longevity of equipment.

0) A current, dated, complete price list.

p) Lubrication instructions and diagrams showing
points to be greased or oiled; recommended type, grade, quantity,
and temperature range of lubricants; and frequency of
lubrication, including the identification of the appropriate
lubricant(s).

q) List of electrical relay settings and control and
alarm contact settings.

r) Electrical interconnection wiring diagram for
equipment furnished, including all control and lighting systems.

s) Electrical control diagrams.
1) Results of performance tests.

u) Copies of all warranties/guarantees, with warranty
start date(s).
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V) List of recommended spare parts, including the
recommended quantity for the total number of pieces of equipment
supplied for the project.

w) List of spare parts and special tools provided for
the project and the retail value of same.

X) Maintenance summary form as specified iIn
par. 2.8.3.

2.8.3 Maintenance Summary Forms. A summary of critical
maintenance information should be provided for all equipment.
Provide this information on a standard form that is readily
usable. Maintenance summary forms also can be used as a data
input form for computerized maintenance management systems. The
following elements make up a typical maintenance summary form:

a) O&M 1dentification numbers

b) Equipment i1tem name

C) Equipment i1dentification number

d) Manufacturer

e) Weight of individual components (over 100 pounds)
) Nameplate data (hp, voltage, speed, etc.)

9) Name, address, and telephone number of the
manufacturer®s local representative

h) A list of maintenance requirements specifying each
required maintenance operation (refer to manufacturer-®s
maintenance manual, 1f applicable); the frequency of each
maintenance operation; any lubricants, 1t applicable; and
pertinent comments

1) A list of several equivalent lubricants, as
distributed by each manufacturer for the specific use
recommended, for each of the lubricants listed in the maintenance
requirements

A recommendation of the type and number of spare
parts that should be kept in stock
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2.9 Startup Training. Training of facility staff is
necessary before new wastewater facilities are started up.
Depending on the experience of the staff, and their familiarity
with the proposed facilities, training should include the
following:

a) Equipment O&M Training. This training should be
provided by the equipment manufacturer, normally as part of the
construction contract. It should include all procedures
described in the 0&M manuals provided by the manufacturer.

b) Process Training. Where new or unique treatment
processes are being constructed, operations staff should be
trained on the basic principles necessary for adequate process
control. For example, 1T a new biological nutrient removal
process iIs being constructed, staff should be given training on
the basic microbiological reactions that occur to produce
nutrient removal as well as the process monitoring and operations
necessary to control the process.

C) Operating Procedures. Review the operating
procedures for all processes, iIncluding startup, shutdown,
normal, and emergency procedures, 1If any. Include both classroom
training and hands-on training where the operators can see which
valves to operate, which control panels to monitor, etc. Include
operator interface with the instrumentation and control system.

d) Safety Procedures. Review safety procedures for
all new facilities based on existing procedures. Ildentify
potential hazardous areas, such as confined spaces and hazardous
chemical storage areas, and review safety procedures. Locate
safety devices, such as safety showers, first-aid equipment,
emergency repair Kkits, and self-contained breathing apparatus,
and review procedures for theilr use.

e) Sampling and Testing Procedures. Review new
requirements for sampling and testing within the facility.

2.10 Performance Testing. New facilities should be tested
for acceptable performance both before and after startup. To the
extent possible, the following testing should be performed before
beginning treatment of wastewater. Written documentation should
be prepared for all performance testing, which should include the
following checks:
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a) Equipment Performance Testing. Check all
equipment for proper installation, alignment, smooth operation,
non-excessive power draw, etc. Conduct tests to confirm
equipment performance as specified In contract documents. For
example, for pumps, use clean water, pump under design conditions
and confirm that flow rate, operating pressures, and power draw
meet specified requirements.

b) Instrumentation and Controls. Confirm that all
instrumentation and controls operate as specified, including
monitoring, control, and alarm functions. Simulate alarm
conditions and verify control set points.

C) System Performance. Operate systems and confirm
that all components, interlocks, controls, and the overall system
perform as specified.

After startup of the facility, review the performance
of the facilities according to the facility design. To the
extent possible, unit processes should be loaded to design
conditions to determine that they are performing adequately.

For example, if initial flows are one-half the design flow, one-
half the facilities should be used to simulate design conditions.
In addition, to confirm that plant effluent limitations are
reliably met, evaluate unit process efficiencies such as the
efficiency of aeration systems, chemical usage rates, dewatered
solids concentrations, and other process performance components
that will significantly affect operation and maintenance costs.
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Section 3: WASTEWATER FLOW RATES AND CHARACTERISTICS

3.1 Introduction. Estimating wastewater flow rates and
characteristics i1s an essential step iIn the design of wastewater
facilities. |If the wastewater to be treated exists, take flow
measurements and test the wastewater. If the wastewater to be
treated i1s not existing, or 1T significant increases iIn the
wastewater flows are projected, estimate flows and
characteristics by using data from similar facilities or from
the information provided here and in WEF MOP 8 (Volumes 1 and 11)
and WEF MOP FD-5.

In addition to conventional domestic wastewater, there
is a small component of iIndustrial wastewater discharges unique
to military installations, including ship discharges and certain
industrial flows such as vehicle/aircraft wash facility
wastewater. Also, because of the unique nature of military
operations, which can vary considerably and may be intermittent,
wastewater flows will exhibit significant variations that must be
considered In the design of wastewater collection and treatment
facilities.

3.2 Wastewater Sources and Characteristics. Table 2 shows
the typical major components of wastewater carried by sanitary
sewers at military installations.

3.2.1 Domestic Wastewater Flow. Domestic wastewater iIs a
typical component of wastewater, both military and nonmilitary.
As indicated above, domestic wastewater i1s the normal wastewater
produced by the domestic activities of people (i.e., Fflows from
toilets, urinals, showers, sinks, washing machines, dishwashers,
etc.). Sources of these flows will include both residential
populations that are housed at military installations and
personnel or employees who only work at the installation.

In addition, the resident or work population may iIncrease
periodically or intermittently because of the nature of the
military installation.

3.2.2 Infiltration and Inflow. Infiltration and inflow (1/1)
iIs the extraneous water from either groundwater or surface water
runoff sources which enters the collection system and becomes a
component of the wastewater flow and which Is conveyed and
treated at the wastewater treatment facility. Depending on the
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condition of the sewer system, these flows can have a major
impact on peak flows and wastewater facility sizing.

Table 2
Types and Origins of Wastewater at Military Facilities

Type Origin

Domestic flow Homes, schools, hospitals, dining
facilities, recreation and entertainment
facilities, clubs, commercial stores,
laundry facilities, barracks, offices, and
sanitary flow from shops and industrial
facilities

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

Inflow Leakage of surface drainage into sewers
through manhole covers, roof drains, and
other surface drainage connections

Industrial flow Process wastes from facilities such as
shipyards, air stations, rework/rebuild
facilities, shops (paint, metal plating,
etc.), industrial laundries, laboratories,
and vehicle maintenance and washing
facilities

Ship discharge Holding tanks on ships

In some instances, repairing or replacing collection
system components, primarily to eliminate or reduce inflow, may
be cost effective. Reducing I/1 will reduce both the
construction costs and the 0&M costs for wastewater facilities.
However, sewer rehabilitation projects have often reduced 1/1
less than projected, often because rehabilitating a portion of a
system results in increased 1/1 at other locations. Therefore,
conservative estimates of potential I/1 reduction should be used
when determining if a rehabilitation project is feasible. WEF
MOP FD-6 describes the methodologies for evaluating sewer system
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1/1 and potential alternatives for rehabilitating systems with
excessive 1/1.

3.2.3 Industrial Wastewater. Depending on the specific
activities at a military installation, there may be sources of
industrial wastewater that must be treated. Some industrial
activities produce wastewater that contains high concentrations
of toxic and hazardous pollutants such as heavy metals; there
pollutants may not be readily treated by the conventional
treatment processes used for domestic wastewater treatment.
Pollution prevention programs are being implemented to minimize
or eliminate these waste streams. Even with these programs, some
industrial processes will still require either a separate
treatment facility or some form of pretreatment before the
wastewater i1s discharged to the sanitary sewer system. When
industrial flows are significant, bench-scale or pilot-scale
treatment evaluations may be required to determine the best
method of treatment.

Additional information on industrial processes, their
wastewater characteristics, industrial discharges typical in
military installations, and alternative treatment methods are
provided in TM 5-814-8, Evaluation Criteria Guide for Water
Pollution, MIL-HDBK-1005/9, Industrial and Oily Wastewater
Control, and MIL-HDBK-1005/17, Industrial Pretreatment Design and
Nondomestic Wastewater Control Handbook.

3.2.3.1 Vehicle and Aircraft Maintenance and Wash Facilities.
Washing 1s often performed with detergents and corrosion
inhibitors, using brushing and high-pressure water rinses.
Wastewaters from vehicle and aircraft maintenance and wash
facilities can be a significant component of wastewaters at
military installations. A typical component of these wastewaters
that may impact wastewater facilities is oily waste. Oily wastes
can be caused by spills of various vehicle oils into building
drains or by washing oily wastes from vehicles or aircraft. In
addition to oily wastes, wastewaters from vehicle wash facilities
may contain large quantities of suspended solids. The suspended
solids i1n this wastewater are generally heavier than typical
domestic wastewater solids and, as a result, will tend to settle
out in the collection system.

To minimize the potential impacts of oily wastes and
solids from maintenance facilities, the following actions should
be considered:
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a) Eliminate nonessential floor drains In maintenance
bays by plugging them.

b) Implement oil use and recovery plans.

C) For spill cleanup, use dry absorbents and dispose
of as solid waste.

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

e) Segregate waste streams and recover wastes where
possible.

) Where approved, implement the use of nonpersistent
emulsifying degreasers, which should help minimize emulsified
oils. In addition, substitute degreasers with hot water/high-
pressure washers where applicable. Consider end-use of pressure
washer (aircraft, vehicle) to determine maximum allowable
pressure.

9) Where significant quantities of suspended solids
are expected, provide pretreatment to remove suspended solids.

h) In some cases, washrack wastewater reuse may be an
option and should be considered.

3.2.3.2 Additional Resources. Proper design and operation of
oil/water separators 1s essential to the successful handling of
wastewaters from vehicle and aircraft maintenance and wash
facilities. Further information on oily wastewaters and the
design of oil/water separators is included in Section 5 of this
handbook, in MIL-HDBK-1005/9, and in MIL-HDBK-1138, Wastewater
Treatment System Operations and Maintenance Augmenting Handbook.

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

3.2.3.3 Closed-Loop Recycling. Closed-loop recycling may be
another option to manage wastewater from vehicle and aircraft
maintenance and wash facilities. There are advantages and
disadvantages associated with closed loop recycling systems.
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a) Advantages of these systems include the following:

(1) Usually, recycling units are above ground
systems which reduce the risk of undetected leaks In below-ground
oil/ water separators.

(2) To further enhance the treatment and
recycling process, some systems are equipped with chemical
monitoring and injection systems for introducing coagulants and
other chemicals. This reduces oil and grease in the blowdown
from these systems.

(3) Most of the water recycled through the unit
iIs used over and over again, reducing the cost of fresh water
required and producing less wastewater that needs to be conveyed
for treatment to a separate facility.

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

(5) The costs associated with permit application
fees, annual permit renewal fees, and associated sampling are
avoided.

(6) The system reduces the risk of contaminating
the environment because there i1s little or no discharge with this
system.

b) Some disadvantages of these systems that should be
considered when evaluating their use include the following:

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

(2) Although recycling units greatly reduce the
quantity of waste effluent, they usually do not eliminate it.
These systems often produce a more concentrated waste that may
require special management and disposal requirements. The
operator of the unit will need to characterize this waste sludge
stream to see if 1t iIs hazardous. |In addition, some units
routinely blow down a small fraction of the process water to the
sewer which is then made up with fresh water.
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(3) Training on proper use iIs imperative.
Personnel must be assigned responsibility and be available for
proper operation and maintenance of the unit.

(4) Security and weather protection may become a
factor 1T the machine i1s exposed to harsh environments. Also,
the machine should be secured In some manner when not iIn use to
prevent unauthorized access and possible damage to the machine.

(5) Closed-loop recycling may not be the most
economical solution. In addition to capital costs, significant
O&M costs can be associated with these systems. Therefore, life
cycle cost analysis should be used for comparison with other
systems. Generally, 1t i1Is more cost-effective to implement
pollution prevention measures, pretreat, or directly discharge
the wastewater to a sanitary sewer. Therefore, when considering
the use of a closed-loop system, use the following criteria:

(a) |If a sanitary sewer 1Is nearby, it
probably will not be cost-effective to implement a closed-loop
system.

(b) If a washrack is already connected to
the sewer but is having difficulty meeting the discharge
requirements, or 1t the permit monitoring requirements are too
expensive, Implementing a closed-loop system may be economical.
However, before pursuing a closed-loop system, the designer
should evaluate methods of pollution prevention that would meet
the discharge requirements.

(c) Finally, if water conservation iIs an
issue or 1T an activity is given financial i1ncentive that will
offset the cost of a system, using a closed-loop system could be
cost-effective.

3.2.4 Ship Holding Tank Discharges. Ship holding tank
discharges can be a major source of wastewater at military
installations with naval facilities. These wastewaters typically
have the following general characteristics:

a) Primarily domestic wastewater but may also contain
industrial wastewater depending on the ship operations

b) More concentrated than typical domestic wastewater
because of how on-ship wastewater collection systems are designed
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C) May contain high concentrations of dissolved
solids, chloride, sulfates, and sodium 1f seawater flushing or
ballast systems are used

3.3 Quantifying Wastewater Flows and Loads-Design Basis
Development. Wastewater facilities cannot be designed without
defining the wastewater flows and pollutant loads that the
facilities will need to collect and treat. It i1s Important to
base the design flows and loads on measurement of actual flows
and loads for the wastewaters to be treated. If you are unable to
collect flow and load data, base the estimates on information
about similar wastewaters or on the information included here and
in WEF MOPs FD-4, FD-5, and MOP 8 (Volume 1I).

3.3.1 Wastewater Flow Estimate Terminology. Estimate
average, minimum, and maximum wastewater flows for proper design
of wastewater facilities. Table 3 lists the flow rates typically
used In wastewater facilities design.

Table 3
Wastewater Flow Estimates for Facilities Design

Flow Type Description Design Use
Annual average Annual average of Estimate of annual
daily flow daily flows operating costs
(chemicals, power, etc.)
Maximum month flow Highest monthly Design of most unit
average daily flow processes including

biological processes

Maximum daily Flow Highest 24-hour flow |Design of certain process

in a year units (such as settling
tanks)
Minimum flow Least instantaneous Design of sewers and
Tflow plant conduits to avoid
deposition problems at
low flows
Peak flow Highest iInstantaneous | Design of sewers and
flow hydraulic elements of

treatment plant (such as
pipes, pumps, weirs, and
channels)
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3.3.2 Flow Estimating Methodology. A general approach to
estimating flow i1s as follows:

a) Determine average unit flows from analyses of
wastewater discharged from the facilities being studied. The
average unit flow is the average wastewater flow rate per unit of
wastewater source. For example, for residential flows, determine
the average flow per capita. For industrial flows, determine the
average flow per unit of activity (for example, average flow per
vehicle washed for a vehicle wash facility). To estimate future
peak and minimum flows, use existing peak to average and
minimum to average flow ratios to calculate these flows.

Where measurements cannot be obtained, use data given in WEF MOPs
FD-4, FD-5, and this section for individual flow components.

b) Apply average unit flows to design population,
production, or other applicable parameter of installation size.

c) Calculate minimum and peak flows for each
wastewater source by applying the appropriate flow ratios to the
calculated average flows. Add maximum coincident flows from
different sources to determine total peak flow. Consider peak
discharges from pumping stations to be coincident with peak flows
in the receiving system unless a program of pumping is used to
ensure that peaks do not coincide. For example, a pump station
equipped with flow-paced variable speed pumps can minimize the
peak flows conveyed to the downstream receiving system. In this
situation, the average flows from the system area upstream of the
pump station may be combined with downstream areas and the peak
calculated from the combined average flow of the two areas.

d) Estimate average wastewater flows, and peak and
minimum Flows for minimum, normal, and maximum deployment
conditions.

3.3.2.1 Design Populations. |If wastewaters are not existing
and domestic wastewater flows need to be projected, estimate both
resident and nonresident design populations. Complete these
estimates both for initial design conditions and for projected
populations to be served by the wastewater facilities, based on
planned expansions or staff iIncreases at the military
installation.

Determine the design resident population estimate by
adding the existing and proposed resident military populations
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and their resident dependents. This should include hospital
in-patient personnel. Estimate nonresident population by adding
existing and proposed nonresident populations, which can include
the following people:

a) Non-resident military, calculated by subtracting
the resident military from the total military strength

b) Civilian personnel under Civil Service or
nonappropriated funds (NAF)

C) Personnel from other services, foreign military,
or nonmilitary tenant organizations

d) Contractor personnel (for example, base
maintenance and custodial)

e) Daytime schools
) Daytime transients
3.3.2.2 Domestic Flows, Annual Average. |If no wastewater flow

data exist to determine per capita unit flow factors, calculate
domestic flows as follows:

For estimating flow, use:

Resident population = 100-120 gallons per
capita per day (gpcd)
(378-454 liters per
capita per day (Lpcd))

Nonresident population = 30-35 gpcd
(114-132 Lpcd)

3.3.2.3 Domestic Flows, Maximum Daily Flow. To determine the
maximum 24-hour flow, use the following procedure:

a) Multiply the annual average flow by the ratio of
maximum daily flow to annual average flow based on wastewater
flow data for the facilities being studied. |If no data are
available, see Chapter 3 in WEF MOP FD-5 for methods of
estimating typical domestic wastewater ratios In various
geographical regions. Designers are cautioned to carefully
consider the impact of resident and non-resident populations and
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1/1 at installations before resorting to use of the data and
nomographs offered in WEF MOP FD-5. The guidance provided in WEF
MOP FD-5 is based on municipally derived empirical data for flow
situations in which dry-weather wastewater flow ratios are
expected to govern. These relationships may not be appropriate
for installations with significant non-resident populations
and/or severe 1/1 problems.

b) Add the maximum 24-hour flows from any other
sources.

3.3.2.4 Domestic Flow, Peak Flow. To determine the peak flow
for a resident population, multiply the annual average flow by
the ratio of peak flow to annual average flow based on wastewater
flow data for the facilities being studied. |If no data are
available, see Chapter 3 in WEF MOP FD-5 for methods of
estimating ratios for typical domestic wastewater. Designers are
cautioned to carefully consider the impact of resident and non-
resident populations and 1/1 at installations before resorting to
use of the data and nomographs offered in WEF MOP FD-5. The
guidance provided in WEF MOP FD-5 is based on municipally derived
empirical data for flow situations in which dry-weather
wastewater flow ratios are expected to govern. These
relationships may not be appropriate for installations with
significant non-resident populations and/or severe 1/1 problems.
In these situations, careful consideration and allowance for 1/1
flows must be made when developing peak design flow rates.

Consider coincident peaks from other sources. For a
nonresident popullation, assume that a peak flow of three times
the average nonresidential flow Is coincident with resident peak
flow (1.e., daily contribution uniform over 8-hour shift).

For installations where the average domestic flow for nonresident
population will exceed 0.4 mgd (1.5 ML/d) or constitute more than
20 percent of the total average flow, iInvestigate flow variations
from nonresidents iIn the installation itself or at an
installation similar to the one proposed. Note that peak flows
can vary widely at specific installations. At Hurlburt Field it
was found that residential population flows had a peaking factor
of 3, while base operations had a peaking factor of approximately
7. This 1llustrates the need to accurately evaluate and account
for peak flows from all sources, such as flows from vehicle and
aircraft washing facilities and other industrial flows that occur
during specific hours. |If these flows coincide with peak
domestic flows, they should be added to the peak flows.
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3.3.2.5 Domestic Flows, Minimum Flow. To determine the minimum
flow for resident population, multiply the annual average flow by
the ratio of minimum flow to annual average flow based on
wastewater flow data for the facilities being studied. ITf no data
are available, see WEF MOP FD-5. For nonresident populations,
assume the minimum flow Is zero.

3.3.2.6 Infiltration. A typical allowance for infiltration is
included In the per capita flows of domestic wastewater. This
allowance is 500 gallons per day per inch diameter mile
(gpd/Zin.-mi) (46 liters per day per millimeter drameter kilometer
[Lpd/mm-km]) of sewer. For existing systems, estimate
infiltration by comparing the measured wastewater flow with water
use. Also, check variations of flow with weather conditions.
Refer to WEF MOPs FD-5 and FD-6.

3.3.2.7 Inflow. Surface drainage or runoff is normally very
large in relation to sanitary flow. Surface drainage or inflow
should be kept out of sanitary sewers by rational design
procedures, adequate construction specifications and inspection,
and enforced regulation. Manhole covers can be a large source of
inflow. 1In areas subject to overflow by surface drainage, the
problem can be reduced significantly by using solid covers with
half-depth pickholes. Using bolted and gasketed manhole covers
in areas subject to flooding can also reduce the problem.

Existing sewer systems should be evaluated for inflow
by the designer of new iIntercepting sewers, trunk sewers,
collector sewers, or treatment facilities fed by the existing
sewers. If inflow Is significant, sources should be determined
by iInspecting manhole covers, roof and other drainage
connections, smoke testing, and internal televised inspection of
sewers. All inflow that is cost-effective to remove should be
eliminated by rehabilitating the sewer system to prevent
oversizing of new sewers and wastewater treatment facilities.
Refer to WEF MOP FD-6.

3.3.2.8 Industrial Flows. Industrial flows will vary based on
the nature of the activity and should be estimated on a site-
specific basis. |If flow data for the wastewater to be treated
are unavailable, base the estimate on similar existing
activities. For additional information on industrial wastewater
flows, refer to WEF MOP FD-5, MIL-HDBK-1005/9, and
MIL-HDBK-1005/17.
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3.3.2.9 Ship Discharges. Table 4 lists the maximum ship’s
complement, darly flow, maximum discharge, number of pumping
stations, total number of pumps, and number and location of
discharge connections for selected ship types. Where destroyers
or submarines are nested next to a tender, and the tender is
berthed at a pier, the nested ships will discharge into the
tender and the tender will discharge to the pier at the rate
listed for the tender.

In designing pier sewage collection systems to receive
sewage from ships, include facilities to meter the total flow
through the collection system. Consult the activity"s Public
Works Department for metering needs. The location of meters
necessary to provide the needed information will be determined by
the layout of the collection system, but In no case should this
exceed one flow measurement meter at the shore end of each pier.
It 1s not necessary to meter the flow from individual ships.

3.3.2.10 Flow Rate Variations. Domestic wastewater flows on
military installations can be expected to exhibit seasonal and
other weather-influenced flow variations. [In addition, the
effect of industrial and ship discharge flows as well as the
variable nature of military operations may significantly affect
flow variations. To minimize flow variations, flow equalization
should be considered. Equalization can be applied to specific
industrial or other flows which exhibit wide variations, or to
the entire wastewater flow. When estimating flows, consider the
following:

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

b) Ship holding tank discharge flows. Flow rates will
depend on the total volume of flow to be handled and the time
required to convey the wastewater to the treatment facility.
Design equalization systems to equalize the flows so as to
minimize their effects on peak flows and loads. Conveying ship
wastewaters to the treatment facility at night when domestic
flows and loads are low will further reduce their impact.
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Table 4

Ship Sewage Discharge Rates!

Average Max imum Total Number and

Maximum 24-Hour Discharge No. of Number | Location of
Ship Ship”®s Flow of One Pump Pumping of Discharge
Typez Complement | (o rL/s1) | (9Pm [L/SD) | Stations | Pumps connections”
AD 37, 1350 85 (5.4) 225 (14.2) 4 8 2 (P, 1S)
38 1680 + 340

= 2020
AD 40, | 1680 + 340 85 (5.4) 225 (14.2) 5 10 3 (ap, 1S,
41, 43 = 2020 1A)
AD 44 | 1680 + 340 85 (5.4) 225 (14.2) 3 6 2 (1P, 1S)
= 2020
AE 383 20 (1.3) 150 (9.46) 1 2 2 (1P, 15)
AGF 440 20 (1.3) 150 (9.46) 3 6 2 (1P, 15)
AO 225 10 (0.6) 100 (6.31) 1 2 2 (1P, 1S)
AOE 667 30 (1.9) 100 (6.31) 2 4 2 (1P, 15)
ARS 100 5 (0.3) 100 (6.31) 1 2 2 (1P, 1S)
AS 33 915 40 (2.5) 100 (6.31) 3 6 1 (1A)
AS 36 915 40 (2.5) 100 (6.31) 3 6 1 (1A)
AS 39 915 40 (2.5) 100 (6.31) 5 10 3 (1P, 1S,
1A)

CG 358 15 (1.0) 100 (6.31) 4 (2P, 2S)
CGN 625 30 (1.9) 100 (6.31) 4 4 (2P, 2S)
cV 3000° 125 (7.9) 150 (9.46) 8 16 4 (2P, 25)

REPRINTED WITHOUT CHANGE.
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Table 4 (Continued)
Ship Sewage Discharge Rates!

Average Maximum Total | Number and

Maximum 24-Hour Discharge No. of | Number | Location of
Ship Ship*®s Flow of One Pump | Pumping of Discharge
Type2 Complement (gpm [L/s]) (gpm [L/s]D) Stagion Pumps gonnections
cun® 3300° 125 (7.9) | 500 (31.54) 3 6 6 (3P, 3S)
68-71
cun® 3300° 125 (7.9) | 500 (31.54) 2 4 4 (2P, 2S)
72-76
DD & 340 15 (1.0) 9 (0.57) 2 2 2 (1P, 15)
DDG
993
DDG 323 8 9 2
DDG 51 341 15 (1.0) 40 (2.52) 4 (2P, 2S)
DDG 341 15 (1.0) 40 (2.52) 4 (2P, 2S)
52-78
DDG 79 380 20 (1.3)
FFG 210 10 (0.6) 100 (6.31) 1 2 2 (1P, 1S)
LCC 1010° 45 (2.9) 150 (9.46) 2 4 4 (2P, 2S)
LHA 937° 40 (2.5) 100 (6.31) 3 6 6 (2P, 25)
LHD 1104° 50 (3.2) 20 (1.26) 2 4 4 (2P, 25)
LPD 4 510° 25 (1.6) 150 (9.46) 3 6 4 (2P, 25)
LPD 17 165 20 (1.3)
LPH 1420° 60 (3.8) 100 (6.31) 6 (3P, 35)
LSD 375° 20 (1.3) 100 (6.31) 2 (1P, 15)
MCM, 81 5 (0.3)
MHC
SSBN 155 10
SSN 133 10 (0.6)

SUPERSEDES PAGE 38 OF MIL-HDBK-1005/16.
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Table 4 (Continued)
Ship Sewage Discharge Rates!

'For wastewater disposal systems aboard ships, refer to
DTRC/SME-91/53, Catalog of Shipboard Pollution Abatement
Systems.
For more information on U.S. Naval Vessels, refer to NAVSEA
50300 A4-MAN-A1C/(U), Naval Vessel Reglster/Shlps Data Bank.
3Based on maximum ship’s complement at 60 gpcd (227 Lpcd).
Flows raised to next highest 5 gpm (19 Lpcd).

= discharge connection on the port side of the ship;
S = discharge connection on the starboard side of the ship;

A = discharge connection on the stern side of the ship.
>The following ships carry additional air wing troops:
Cv: 2500 LPD: 930
CVN: 2800 LPH: 1560
LHA: 1700 LSD: 450
LHD: 1900 LCC: 700

6Design pumping system for 1350 gpm, three pumps working
simultaneously, two pumps in series, parallel with a third
pump .

The following revised list of equivalent ships was
established by the Naval Sea Systems Command (NAVSEASYSCOM) for
shore collection of ship sewage (ship types are as listed iIn
Secretary of the Navy Instruction (SECNAVINST) 5030.1L,
Classification of Naval Ships and Craft.

Ship Type Equivalent Ships
DD CGN, CG, DDG, FF, AGFF, FFG
LPD AGF, LCC
AFS AOR
AO AOE
ASR ATF, ATS
SS SSN, SSBN

NOTES: Abbreviations for commissioned ship types:

AD-Destroyer Tender, AE-Ammunition Ship, AGF-Miscellaneous
Command Ship, AO-Oiler, AOE-Fast Combat Support Ship, ARS-Salvage
Ship, CG-Guided Missile Cruiser, CGN-Guided Missile Cruiser
(Nuclear Propulsion), CV-Aircraft Carrier, CVN-Aircraft Carrier
(Nuclear Propulsion), DD-Destroyer, DDG-Guided Missile Destroyer,
FFG-Guided Missile Frigate, LCC-Amphibious Command Ship,
LHA-Assault Ships, Landing Amphibious, LHD-Large

SUPERSEDES PAGE 39 OF MIL-HDBK-1005/16.
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Helicopter, Dock Ship, Amphibious, LPD-Amphibious Transport Dock,
LPH-Amphibious Assault Ship, LSD-Dock Landing Ship, MCM-Mine
Countermeasure Ship, MHC-Mine Hunters, SSBN-Fleet Ballistic
Missile Submarine (Nuclear Propulsion), SSN-Submarine (Nuclear
Propulsion).

c) Intermittent periods of increased use because of
training activities or other personnel mobilization exercises
common to military installations. Training activities or other
mobilization exercises will create short-term increases iIn
domestic wastewater and, potentially, industrial flows. These
intermittent activities may result in the peak wastewater flows
and loads. Facilities should be designed to handle routine
variations in flow and load from training and other routine
exercises iIn a manner to ensure acceptable performance and
reasonable 0O&M costs. For example, an equalization system may
provide flow and load dampening to accommodate these significant
variations. Facilities will not be designed to accommodate peak
surges resulting from emergency mobilizations.

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

e) Changes 1n requirements or the installation’s
mission. Designs should include provisions for expansion,
contraction, or other modification because of more stringent
effluent requirements or installation mission changes. Make
efforts to maximize operational flexibility.

3.3.3 Wastewater Loadings. Wastewater loadings are typically
calculated based on the projected flows and wastewater pollutant
concentrations and are expressed in pounds per day (Ib/d)
(kilograms per day [kg/d]). Where possible, determine loadings
by analyzing the wastewater to be treated or similar wastewater.

3.3.3.1 Domestic Wastes. Every effort should be made to use
measured data in planning and designing for wastewater flows.

As a last resort, i1f no wastewater data are available, use the
typical concentrations for domestic wastewater from WEF MOP 8,

SUPERSEDES PAGE 40 OF MIL-HDBK-1005/16.
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Volume 1. Note, however, that these are average data; make
adjustments for regional weather effects and collection system
1/1 before using these values.

3.3.3.2 Industrial Wastes. Determine industrial wastewater
characteristics used iIn design from a survey of the actual wastes
involved, or from knowledge of wastes at similar facilities.

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

3.3.3.3 Ship Sewage. Ship sewage settles well and 1s amenable
to biological treatment, but i1t may be septic. Table 5 presents
typical concentrations (wastes from shipboard industrial
activities are not included).

The high dissolved solids, chloride, sulfates, and
sodium concentrations apply when seawater flushing or ballast
systems are used. For more information on ship sewage, see
NAVSEA S9086-T8-STM-010/CH-593, Naval Ships” Technical Manual.

NEW PAGE
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Table 5
Typical Ship Sewage Concentrations
Concentration
Characteristic (mg/L)
Total suspended solids 600
Total dissolved solids 20,000
Chlorides 11,000
Sulfates 1,500
Sodium 6,200
Other dissolved solids 1,300
Biochemical oxygen demand (BOD) 400

3.3.3.4 Effect of Wastewaters with High Seawater Content.

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

(1) For new designs, in the absence of pilot
plant data or treatment data from similar wastewaters, compensate
for high seawater content according to the data presented in
Table 6.

(2) In analyzing the capacity of existing
treatment facilities to receive ship"s wastewater, use figures as
determined in Table 6. If these iIndicate overloading solely
because of chloride Inhibition, conduct pilot plant tests before
planning any expansion.

(3) Sudden changes in chloride concentration may
upset biological processes. Consider equalization storage to
limit chloride variation at the wastewater facility to 200 mg/L/h
at chloride concentrations in excess of 5,000 mg/L.
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Table 6

Chloride Inhibition of Biological Nitrification

Process

Maximum Chloride
Concentration for
No Inhibition

Concentration for
Chlorides in Excess of
Maximum Level (1)

Trickling filters
and rotating
biological
contactors

Activated sludge

Aerobic and
facultative lagoons

5,000 mg/L

5,000 mg/L

8,000 mg/L

Referring to
appropriate design
loading curve, decrease
loading an amount
corresponding to one
percentage point of
removal efficiency per
1,000 mg/ZL of chlorides
in excess of 5,000 mg/L

Decrease loading by
2% per 1,000 mg/L
chlorides iIn excess
of 5,000 mg/L

Increase detention time
by 2% per 1,000 mg/L
chlorides In excess of
8,000 mg/L

(1) Highest average cC
24 hours.

Mainte

b)

will aggravate incrustation problems.

hloride concentration expected over

nance.

High seawater content in wastewater
Avoid fine bubble air

diffusion systems, and design orifices i1n trickling filter flow
distributors or in aeration devices to facilitate periodic

cleaning of mineral deposits.
and equipment materials.

Use care in selecting construction
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Section 4: NAVY WASTEWATER COLLECTION AND TRANSMISSION SYSTEMS

4.1 Introduction. Design information on wastewater
collection and transmission systems i1s extensively covered in WEF
MOP FD-5. This section addresses two wastewater collection and
transmission topics that are not addressed in MOP FD-5: pier and
wharf systems and drydock facilities.

4.2 Pier and Wharf Systems. Design the ship sewage
collection system on piers or on shore for the peak flow from the
maximum planned berthing with the sewer flowing full.

4.2.1 Layout/Location. Use a pressure manifold connected to
the gravity sewer by a single 4-inch (100-mm) diameter pipe for
the collection system at each berth. The manifold should have
four single 4-inch (100-mm) receiving connections spaced 150 feet
(46 meters [m]) apart on a 4-inch (100-mm) diameter pressure
sewer (see Figure 1). This layout has the following advantages:

a) It provides large reduction in peak flows by
combining multiple discharges from a ship or nested ships Into a
single stream, thereby increasing the head on the ship®s pumps.

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

C) It 1s self-regulating and self-cleaning, and it
avoids failure or maintenance problems inherent in regulating
valves or other devices.

To prevent pumping from one berth into another and to
allow ships with lower head pumps to discharge iInto the pier
sewer, each berthing space must be i1solated. Isolate the berths
by providing one separate manifold at each berth connected to the
gravity pier sewer. Where the berthing space is less than
600 feet (183 m), the number of outlets should be reduced to fit
the space available. 1In such cases, i1t may be necessary to
reduce the 150-foot (46-m) spacing between outlets. For carrier
berths, two standard 4-inch (100-mm) manifolds, each with four
4-inch (100-mm) outlets, should be used. See Figure 2 for
typical collection sewer layouts on different pier types.
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GRAVITY SEWER
o
4" (100
1WFTM&m(| mm) RECEIVING HOSE
) CONNECTION (TYP)
| 4" (100mm) ;//;7
O o] =|= (o] —O
\ 4" (100mm) A \
\ | N
4" (100mm) DIAM  —= __——— ¢ ™\~ PIER OR WHARF
HOSE (TYP) | 3
» 1

CENTERLINE OF BERTH _—

PLAN

4" (100mm) GATE SINGLE 4" (100mm) CAM-LOCKING
TOP OF WHARF OR PLUG TYPE FEMALE CONNECTION
; OR PIER gVALVE (TYP) WITH PLUG (TYP)

G <] [- —+D<-] [ - [D<—pa]
v A 0 A 7
SLOPE_ + _ SLOPE

SLOPE TO GRAVITY SEWER _/

SECTION

NOTE: DESIGN RECEIVING HOSE CONNECTIONS FOR 3000 LB (13,000 N)
PULL IN ANY DIRECTION.

Figure 1
Pressure Manifold Schematic for Pier and Wharf Systems
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Figure 2
Collecting Sewer Layout for Alternative Pier Types
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Locate all collecting sewers behind the permanent wharf
or pier construction, away from the fender, to avoid iImpact loads
and damage. Locate pump stations off the pier, behind the
bulkhead lines. |If location along the pier deck iIs required, do
not restrict working area on the pier. Lines behind wharves
should always be buried. See Figures 3 and 4 for typical
installation on piers and quay walls. For design of new piers
and quay walls, consider locating sewers in utility tunnels.
Reduced external corrosion and improved maintainability of sewers
may offset higher construction costs.

4.2.2 Utility Connections. To ensure safety, shore-to-ship
utility service connections at Navy shore facilities shall use
the standardized color codes as a secondary i1dentifier on
waterfront wharf and pierside connections and shore-to-ship hose
assemblies. The primary identifiers shall be plain language
tags, nameplates, or labels. The color code for shore-to-ship
service connections is as follows:

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

Potable Water Blue, Dark 15044
(40 to 81 psig
[4053 to 8207 kPa])

Nonpotable Water Red 11105
(100 to 175 psig
[10,132 to 17,732 kPa])

Sewer Gold 17043

1. The above colors are used to identify ends of hose assemblies,
pier-side valves, handwheels, or operating levers, and adjacent
deck, curb, standpipe, or guard.

2. Color coding for shore-to-ship utility connections may vary from
color coding for pier distribution piping or other shore piping
systems. MIL-STD-101, Color Codes for Pipelines and for
Compressed Gas Cylinders, governs the color codes used on pier
distribution piping and other shore piping systems.

3. Pressures shown are nominal pressures and represent average
conditions.
4. Psig = pounds per square inch gage pressure;

kPa = kiloPascals.
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Figure 3 (Continued)
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Figure 4
Details for Shore Collection Facilities Receiving Ship’s Sewage

49




MIL-HDBK-1005/16
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Figure 4 (Continued)
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4.2.3 Environmental Considerations (Corrosion, Freeze
Protection). For ship-to-shore connections, ductile 1ron sewer
pipe, pier castings, and submerged and nonsubmerged exposed metal
such as structural steel members, gratings, angles, pipe support
hangers, fastening devices, and other appurtenances, use two-
coat, coal-tar epoxy coating, conforming to Steel Structures
Painting Council (SSPC) Paint No. 16, applied to total minimum
dry film thickness of 16 mils (0.4 mm). For alternative
corrosion protection coatings for different environments, refer
to MIL-HDBK-1110, Paints and Protective Coatings for Facilities.
Brush bare steel surface to remove all mill scale before applying
the protective coating. Follow manufacturer®s instructions for
surface preparation and application to other materials. Evaluate
the need for cathodic protection.

The following are references for cathodic protection:

a) MO-307, Corrosion Control

b) NFGS-13110, Cathodic Protection by Galvanic Anodes

C) NAVFAC letter (LTR) 11012, Cathodic Protection
Systems, Interim Technical Guidance

See Figure 5 and refer to Naval Civil Engineering
Laboratory (NCEL) Report No. R-593, Freeze Protection for
Freshwater and Sanitary Piping Under Open Piers. Pipes installed
under piers or wharfs In any geographic location must be
protected from wave action and floating objects. If freeze
protection is provided, protective jacketing of the insulation
using aluminum, stainless steel, or coal-tar epoxy coated steel
must be provided. Provide structural protection for the entire
length of pipe run in addition to jacketing. Use steel cage of
fabricated shapes or a catwalk for both access and piping
protection.

a) Pipes installed under piers north of
Philadelphia, PA, and Seattle, WA, and in northern inland and
Great Lakes areas: 1install with conductive mineral film electric
heating elements and polyurethane foam insulation.

b) Pipes installed under piers between and including
Philadelphia, PA; Norfolk, VA; Seattle, WA; and Portland, OR:
install with polyurethane foam insulation. Refer to NCEL R-593
for flushing requirements.

51



MIL-

HDBK-1005/16

Q/

-

POLYURETHANE
FOAM INSULATION

o]
7 &

CONDUCTIVE FILM
HEATING ELEMENT

HEATING ELEMENT

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

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

ASPHALT-IMPREGNATED FELT

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

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

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

BE INSTALLED, ONE AT THE EXTREME END OF THE PIPE

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

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

FREEZE PROTECTION REQUIREMENTS

SET SCREWS

STD. TEE BOLTS j

TRANSVERSE
EXPANSION JT
N IN PIER

N

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

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

SLIDING CONN.

STD. GLAND
& NUTS W/ TEE BOLTS
&NUTS
MECH. JT ‘/GM € PRESSURE OR
RETAINER GRAVITY SEWER
GLAND-SEE L J
DETAIL /A (50mm) MECH. JT
SOLID SLEEVE

EXPANSION JOINT DETAIL

TAPPED FOR
SET SCREWS

HOLES FOR
TEE BOLTS

(]

DDAm4'F
\07oJ

Figure 5

Piping Details for Shore Collection Facilities
Receiving Ship’s Sewage
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C) Pipes installed south of Norfolk, VA, and
Portland, OR: no insulation required. See NCEL R-593 for
flushing requirements.

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

4.2.4 Odor/Septicity Control. Slope sewers as much as
possible to minimize detention time and provide aeration. Aerate
holding tanks unless detention time is less than 3 hours at
average 24-hour flow.

Keep force mains as short as possible. Check for the
possibility of sulfide generation. Make provisions to control
sulfide generation 1Tt necessary using an injection of oxidizing
chemicals such as chlorine, permanganate, or hydrogen peroxide.
Consult suppliers of chemicals or generation and feed equipment
regarding costs and expected performance. Refer to WEF MOP FD-5
for rational methods to predict sulfide generation rates and
methods of control.

a) Maintain minimum flow velocity of 3 feet per
second (fps) (0.9 meters per second [m/s]).-

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

components. Figure 7 i1llustrates an aboveground receiving hose
connection.

4.2.6 Pump Stations. Make capacity equal to that of incoming
sewers whenever this exceeds the expected peak flow. For pump
station design for transfer of ship’s oily wastewater, refer to
MIL-HDBK 1005/9.

4.2.7 Pipe. Mechanical joint, lined ductile iron should be
used for exposed locations where high impact resistance 1is
important. Support exposed pipe per manufacturer’s
recommendations. In other exposed locations, for superior
corrosion resistance, consider thermoplastic (high density
polyethylene) pressure pipe with butt fusion joints. Plastic
piping on pier and wharf systems should be protected from impact
by floating debris and other hazards by placement in a specially
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pipe selection guidelines.

Table 7
Special Pier Structures and Appurtenances

For buried lines, apply general sewer

Structure or

Appurtenance Where to Use Details Requirements
In-line At junctions and See Figure 4
cleanout changes of direction
and when required
according to spacing
shown in details
under regular
manhole below
Regular Terminally on all See NAVFAC Lower invert
manhole lines; at all Guide Spec through manhole
junctions and NFGS-02530, a distance equal
changes of direc- Sanitary to expected loss
tion: at changes in | S€wage of head in
invert elevation or manhole, plus
slope. Otherwise, 0.8 times any
according to spac- change In sewer
ing shown below: size. For
B junction man-
Pipe holes, check
?:ﬁe Spgg?ng which upstream
- invert is
[mm]) (ft [m]) critical in
18(450) 400(120) determining
or less outlet invert.
18-48 500(150) Raise top of
(450-1200) manhole above
possible
48(1200) 600(180) flooding level.
and greater
Drop manhole | When difference See NAVFAC For difference
between inlet and Guide Spec less than 2 ft
outlet iInverts NFGS-02530 (0.6 m),
exceed 2 ft (0.6 m) increase
upstream sewer
slope to

eliminate drop.
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Table 7 (Continued)
Special Pier Structures and Appurtenances

Structure or

Appurtenance Where to Use Details Requirements
Siphons For carrying sewers Maintain Use WEF MOP FD-5
under obstructions velocity for hydraulic
or waterways. of 3 fps design.
(0.9 m/s). Use
no less than
two barrels
with min. pipe
size of 6 iIn.
(150 mm).
Provide for
convenient
flushing and
maintenance.
Inter- Where discharge of Take special
cepting existing sewers must care against
sewers be brought to a new infiltration due
concentration point. to depth or
proximity of
surface water.
Traps and On all outlets from Displacement
inter- subsistence velocity
ceptors buildings, garages, 0.05 fps
mechanical shop, (0.015 m/s).
wash pits, and other | Grease

points where grease
or oil can enter
system.

removal: 1In
absence of
other data use
300 to 400
mg/L. Provide
for storage of
1 week"s
grease
production

(1 day if
continuous
removal is
provided).
Length = twice
depth.
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Table 7 (Continued)
Special Pier Structures and Appurtenances

Structure or

Appurtenance Where to Use Details Requirements
Terminal Terminally on all See Figure 4 Locate where it
cleanout pier collection will not inter-

systems fere with other

operations on
the pier or
other utilities.

Receiving See Figures 6 Connection

hose and 7 designed to

connections receive the
discharge from
ships.

Pier Support collecting See Figures 3

collection sewer under piers and 4

sewer

supports

4.2.8 Sewage Tranfer Hoses. Facilities should be provided

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

For further information, refer to NAVFAC MO-340, Ship-
to-shore Hose Handling Operations Manual .

4.3 Drydock Facilities. Design the collection system for
the graving dock for the peak flow from the maximum planned
docking pattern with the sewer flowing full. Consider the
following when designing drydock collection systems:

a) Separation of hydrostatic leakage from drydock
wastewater. The water is generally not contaminated and can be
discharged directly to storm sewers or open water depending on
regulatory conditions.
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Figure 6
Ship-to-Shore Sewage Hose Components
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Aboveground Receiving Hose Connection
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b) Separation of ship®s domestic wastes from the
industrial wastes generated by drydock activities. These
industrial wastes include leakage, precipitation runoff, and
washdown that carries sandblasting residue and paint.

4.3.1 Layout. Ships fitted with Collection-Holding-Transfer
(CHT) should be connected to dockside sanitary sewers for CHT
discharge. Ships without CHT should use scuppers and manifold
connections to the ship®s discharge points for transfer to
sanitary sewer system in floor of drydock. See Figure 8 for
typical collection system layout in drydock facilities to collect
from CHT systems. Use receiving connection on pressure manifolds
connected to gravity sewers.

4.3.2 Pump Station Features. Make capacity equal to that of
maximum combined ship®s discharge rate of ships in drydock.
Furnish portable auxiliary pumping facilities when required.
Refer to MIL-HDBK-1029/1, Graving Drydocks.

4.3.3 Sewage Receiving Connections and Transfer Hoses. See
Figure 9 for underground drydock receiving hose connections. See
Figure 7 for aboveground drydock receiving hose connections.
Aboveground receiving hose connections should be used whenever
possible. See paragraph 4.2.8 regarding transfer hoses.

4.3.4 Special Structures and Appurtenances. See Figure 4 for
typical cleanout detail for drydock sewers.

Locate cleanouts 1n main sewer at a maximum spacing of
300 feet (91 m).

60



MIL-HDBK-1005/16

0 0
e
0 |
o o}
?—a 3 Sle-F
=
m] 0 (o]
=
=
%)
0 oo
—
o
(&3
=
=
0 0 L
»
! o]
; o o =4
Gﬁo 8 8 01— o m} ul o
> =
S o [
O L] o D
O
=
L
a o
D S
v %)
w
i
T
=
oo
>
»
o
o
J ] o
=
(o] ¢ o (o] \l =
£ g8 | © ]
n
a \ ) [ 5 (-]
w 9O Sller—
—
- - o
o Q >
©lo O|loy (o)
al o [a]
o
| O
3 . ’
=
® \ \\X
\

Figure 8
Typical Sewage Collection System Layouts for Drydock Facilities
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Section 5: OIL/WATER SEPARATORS

5.1 Section Overview. This section addresses military
applications of orl/water separators (OWSs). It provides general
information on OWSs, as well as specific information on determining
the need for an OWS, principles of oil/water separation, OWS design
criteria, and selection of OWS technology. Emphasis is given to
conventional and parallel plate gravity OWSs, which are the
prevailing types installed at military bases. Other technologies,
such as flotation, filtration, and adsorption are also briefly
discussed. These topics are not addressed in the WEF MOP 8.

5.2 Oil Classification. Oily wastewaters are generated in
the i1ndustrial and maintenance areas of military installations
from such activities as aircraft and vehicle maintenance and
washing. The oils present iIn wastewaters may be of several
types, including gasoline, jet fuel, diesel fuel, lubricants, and
miscellaneous detergents. Regardless of type, they are typically
classified into three major categories: free, emulsified, and
dissolved.

5.2.1 Free Oil. Free oil consists of discrete globules
large enough to rise as a result of buoyant forces and form an
oil layer on top of the water. Theoretically, oil globules as
small as about 20 microns can be classified as free oil.

However, research indicates that the size of oil globules must be
approximately 150 microns or greater to be effectively removed iIn
a conventional gravity separation chamber.

5.2.2 Emulsified O1l. Emulsified oil exists as smaller
droplets, approximately 1-20 microns, which form a stable
dispersion in the water and are incapable of rising to form a
separate oil layer without additional chemical treatment.
Dissolved o1l i1s soluble In water and i1s also incapable of
removal by gravity separation.

5.2.3 Oily Wastes. Oily wastes discharged at military bases
may include any or all of these classifications. While most of
the oily waste i1s originally in the free state, the cleaning
agents commonly used in the washing of floors, vehicles,
aircraft, and other equipment at military installations are
designed to increase the solvency of oil In water, and they cause
the ol to become emulsified. Additionally, free oil can be
mechanically emulsified through excessive agitation and
turbulence, such as that caused by high velocities or pumping.
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Centrifugal pumps are especially prone to emulsify oil.
Conventional methods of measuring oil and grease do not
differentiate free, emulsified, and dissolved oil. A method to
provide this differentiation is described in American Petroleum
Institute (API) Publication 421, Design and Operation of Oil-
Water Separators.

5.3 Basis for Considering Oil/Water Separators. Primarily,
oil/water separation 1s 1mplemented at military installations to
comply with the Federal, state and local requirements and to
minimize the impacts of oils and greases on the collection system
and downstream treatment systems. These considerations are
further discussed below.

5.3.1 Regulatory Compliance. Regulations which may require
the use of OWSs are primarily associated with PL-100-4, Water
Quality Act of 1987. Discharge of wastewaters to waters of the
United States i1s regulated under 40 CFR Section 402 NPDES permit
regulations, 40 CFR Section 403 Oily Wastewater Discharges to
Sewers Under General Pretreatment Regulations, and Stormwater
Permit Requirements under 40 CFR Section 122.26. These
regulations are enforced by Federal, state, or local regulatory
authority. Military services also enforce these regulations for
oily waste being discharged to Federally owned treatment works
governed under the Federal Facility Compliance Act.

Discharges of oily waste from fuel storage areas must
be permitted under the NPDES program. The installation should
implement pollution prevention measures and best management
practices to minimize or eliminate oily waste contact and
discharge from diked areas at the fuel storage area which will
eliminate the need for oil/water separation. Spill Prevention
Control and Countermeasures Requirements, 40 CFR 112.7, is for
emergency spill control actions and should be considered separate
from routine operations. However, provisions of the General
Pretreatment Regulations applicable to oily waste discharges to
sewerage systems are found in Section 403.5(b). These provisions
prohibit discharge of the following:

a) Any pollutants which cause interference or pass
through treatment works

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

c) Petroleum oil, nonbiodegradable cutting oil, or
products of mineral oil origin, in amounts that will cause
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interference or pass through or exceed effluent discharge limits
(some sewer use ordinances also contain specific numerical
limits)

d) Pollutants which result in the presence of toxic
gases, vapors, or fumes within the sewerage system that may
cause acute worker health and safety problems

In addition to these provisions, many POTW sewer use
ordinances prohibit oil and grease discharges that could
accumulate i1n collection system piping and obstruct flow, or
that could accumulate in the sludge of treatment works,
resulting in hazardous substance disposal requirements.

5.3.2 Related Impacts on Collection/Treatment Systems. In
addition to impacts outlined i1n regulations, wastewater
containing significant quantities of oil and grease can iImpact
the collection and treatment systems in the following ways:

a) Accumulation of oil and grease i1n collection
piping, causing obstruction of flow

b) Accumulation In treatment facility sludge,
resulting in hazardous substance disposal requirements

For these reasons, wastewater discharges from
maintenance facilities and washracks should be managed to
prevent adverse effects to the treatment plant and to protect
the environment from releases to surface waters.

5.4 Evaluating the Need for Oil/Water Separators.

Numerous oil/water separators (OWSs) exist at military bases,
some of which are not needed or are not accomplishing their
intended purpose. Misapplications and inadequate performance
have resulted from poor design, improper selection of pre-
manufactured units, failure to adequately understand the
character of wastewaters being treated or pretreated, and lack
of proper maintenance. Consequently, the need for an OWS should
be carefully evaluated before undertaking its design.

Figure 10 presents a decision diagram for determining
whether an OWS is needed at a particular location. In using the
decision diagram, the following source control issues should be
considered:
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Figure 10
Decision Tree for Oil/Water Separators
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a) Using detergents to clean up work areas iIncreases
emulsification and inhibits gravity oil/water separation. Use of
high-pressure water also causes emulsification but is generally
less detrimental to oil/water separation than the use of
detergents.

b) Use of dry absorbents should be considered to
minimize the amount of oils reaching sewers. Dry absorbents may
be collected and disposed of with solid waste materials. |If
possible, wet processes should be replaced with dry processes,
and floor drains should be plugged.

Cc) Implementation of point source controls may
eliminate or reduce the wastewater volume and contaminant
concentrations. For example, used oils may be segregated for
disposal or reuse rather than allowing them to enter the
wastewater stream. Implementing point source controls may also
be more economical than providing a wastewater treatment system.
Point source control techniques include process change or
modification, material recovery, material substitution,
wastewater segregation, and water reuse/recycling.

d) Consider changing the point of discharge to
negotiate less stringent requirements and to protect sensitive
environmental areas. For example, it may be practical to reroute
a stormwater permitted outfall to a sanitary indirect discharge
when the stormwater flows are low and the permitted stormwater
discharge limits are overly restrictive. Extraneous stormwater
should be excluded from sanitary systems.

e) The stormwater pollution prevention plan should
implement best management practices which will minimize or
eliminate the need for oil water separators In most instances.

) The formation of oil emulsions should be minimized
and emulsions should be segregated for special treatment whenever
possible. Emulsions are usually complex, and bench or pilot
plant testing i1s generally necessary to determine an effective
method for emulsion breaking.

9) Current process operating practices should be
investigated to determine if good housekeeping practices are
employed and 1f changes can be made to reduce waste materials or
use of excess water. In many cases, proper attention to control
of operations can greatly reduce the amount of soluble oil
requiring treatment. Minimizing leaks, avoiding spills, using
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drip trays, employing spill containment techniques, and
discarding oil only when it 1s no longer serviceable should be a
part of any oily waste control program. OWSs are not to be used
for spill containment.

5.5 Treatment Technology. Selection of the appropriate
treatment process for oily waste is dependent on the oil
classification. Under proper quiescent conditions, free oil can
be removed by gravity separation. Emulsified oil cannot be
removed by gravity separation unless 1t can first be converted to
free o1l by breaking the emulsion. Emulsified oil may be removed
by air flotation, although the emulsion may also have to first be
broken for this process to be effective. Removal of soluble
(dissolved) oil generally requires biological treatment or
adsorption onto a solid phase sorbent such as activated carbon.

It should be noted that other pollutants, such as
solvents, phenols, dissolved metals, and other toxic and
hazardous pollutants, are not effectively removed by oil/water
separation technology and may require additional source control
or pretreatment.

Designers should also understand that lack of proper
maintenance is one of the biggest causes of OWS failure.
Designers must design for ease of maintenance so as to promote
adequate periodic maintenance. For example, buried cylindrical
separators are almost impossible to maintain and thus their use
is highly discouraged.

5.5.1 Gravity Separation. Two basic types of gravity OWSs
are 1In common use: a) conventional, rectangular-channel units,
commonly called APl separators because they are usually based
upon design standards developed by the American Petroleum
Institute; and b) parallel plate separators. In either case,
removal 1s a function of residence time, specific gravity of the
oil, oil droplet size, fluid salinity, and fluid temperature.

Well designed and operated APl gravity separators are
capable of removing oil globules with a diameter greater than 150
microns and achieving effluent levels of free oil as low as 100
mg/L. Parallel plate separators are generally designed to remove
oil globules greater than 60 microns in diameter, and can meet
effluent limits as low as 50 mg/L of free oil. The total oil
content of the effluent will be greater, depending on the amount
of emulsified and dissolved oil present. Other factors will also
affect the efficiency of oil removal, including oil-specific
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gravity, droplet size, OWS hydraulic retention time, and
temperature.

While gravity separators are designed to remove oil,
they also function as a sedimentation unit. As a result, solid
particles more dense than water will tend to settle out and
provisions must be included to remove accumulated solids.
Knowledge of the solids content of the influent wastewater stream
is particularly important in the selection of parallel plate
separators because they are prone to increased maintenance and
clogging problems.

5.5.1.1 Conventional Gravity Separators. A typical
conventional separator system i1s shown 1n Figure 11. The
separator itself has three chambers separated by baffles: an
influent chamber, the main separator chamber, and an effluent
chamber. The operation of these chambers is described below:

a) Influent Chamber. The influent chamber i1s used to
remove free oil that has already separated from the oirl/water
mixture during conveyance to the unit. Two baffles separate the
influent chamber from the larger, main settling chamber. The
upper baffle i1s placed at the top of the water level and extends
three quarters of the way to the bottom. It prevents the
floating o1l and scum from entering the main chamber, and allows
it to be skimmed off through an overflow pipe. The lower baffle
extends from the bottom and is used to direct the wastewater to
the top of the main chamber and to prevent short-circuiting.

b) Main Separator Chamber. In the main separator
chamber, the oily wastewater flows from one end to the other under
quiescent conditions. The wastewater velocity is kept very low,
typically less than 3 feet per minute (0.9 m/min) to prevent
turbulent mixing. For flat-bottom chambers, removal of settled
solids is typically accomplished by taking the chamber out of
service; the chamber i1s drained and accumulated solids are removed
either manually or by a vacuum truck. If the floor i1s sloped, the
solids can be removed from the hopper or V-bottom trough by
pumping or gravity discharge while the unit is still In service.

Where large amounts of solids are anticipated,
mechanical equipment may be provided to move the solids to the
collection point. A chain-drive mechanism is most common.
Attached between a pair of chains are crosspieces, or “flights,”
extending the full width of the tank or bay and spaced at
specific intervals. Flights have been wooden iIn the past but are

71



MIL-HDBK-1005/16

now also being constructed of alternative materials. Settled
solids are dragged to the solids hopper at one end of the tank
and removed.

An oil-skimming device should be provided at the end of
the separation chamber. The rotatable, slotted-pipe skimmer is
the most common type. Other oil-skimming devices include belt
skimmers and floating skimmers. The waste oil collected by the
skimmer i1s discharged to a waste oil holding tank. The tank
should be designed so that confined space entry is not required
for operation or maintenance.

RECOVERED OIL
TO TANK FARM

DECANTED WATER m
ADJUSTABLE DECANT TANK
SLOTTED PIPE OIL
SKIMMER
v ™ SKIMMINGS
= ﬂ PUMP
- )
WASTEWATER
FEED
> TREATED
sardi WASTEWATER 5
TANK
DRAIN
-
SOLIDS TO
THICKENING
AND DISPOSAL
Figure 11

Conventional Gravity Separator
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C) Effluent Chamber. The effluent chamber i1s also
separated from the main chamber by upper and lower baffles.
Wastewater flows under and over the baffles into the effluent
chamber. From the effluent chamber, the treated water can be
discharged to the sewerage system or to additional treatment if
necessary.

5.5.1.2 Parallel Plate Separators. A typical parallel plate
separator system i1s shown in Figure 12. Parallel plate
separators function on the same principles as conventional
gravity separators, but they require less space and are
theoretically capable of achieving lower concentrations of
effluent oil. The size of the unit is reduced by Incorporating
an array of closely spaced parallel plates within the separator
chamber, thereby iIncreasing the surface settling area. Flow
through a parallel-plate unit can be two to three times that of
an equivalently sized conventional separator. The oil 1s removed
by passing the wastewater at laminar velocity through the pack of
closely spaced plates, which are constructed at various inclines
ranging from 45 to 60 degrees. These oil droplets rise and are
trapped along the bottom of the plates. The oil droplets
coalesce and gradually move upward along the bottom of the
plates, eventually collecting at the surface of the tank. The
plates aid in separation in the following ways:

a) Preventing short-circuiting of the oily waste
b) Increasing effective settling area
C) Enhancing contact/agglomeration of oil particles

Suspended solids settle to the bottom and are collected
in a sludge well. From the well, sludge is pumped or withdrawn
by gravity to waste. |If sludge transfer i1s by gravity
displacement, an automatic valve is usually provided. The plates
in parallel-plate separators may be made of an oleophilic (oil
attracting) material, such as polypropylene, fiberglass, or
nylon, to promote coalescence of oil droplets. For this reason,
the units are sometimes referred to as coalescing plate
separators. Coalescing separators are usually recommended only
for light oil loadings when a higher level of oil removal is
required, the wastewater stream contains minimal solids
concentrations, and the facility is committed to the additional
maintenance procedures required to keep the coalescing pack free
of debris. The plates may also be constructed In a corrugated
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configuration with alternate troughs and ridges, such as in the

so-called Corrugated Plate Interceptor (CPD)
L \ 7

RECOVERED-OIL
PUMP RECOVERED OIL

-/ >
2]
¢ o
- ’
TREATED

WASTEWATER
DECANT SKIMMINGS
TANK PUMP

SOLIDS TO
THICKENING
AND DISPOSAL

5 >

WASTEWATER
FEED

SETTLED
SOLIDS
PUMP

Figure 12
Parallel Plate Separator

5.5.2 Air Flotation Separators. In the air flotation
process, separation of both oil and solid particles is brought
about by iIntroducing fine air bubbles Into the liquid waste
stream. The bubbles attach to the particulate matter and oil
droplets, and the buoyant force of the air bubbles causes both
particles and small oil droplets to rise to the surface. The
oil/solids/air bubble mixture forms a froth layer at the surface,
which 1s skimmed away.
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A typical air flotation system is shown in Figure 13.
The removal efficiency of air flotation separators for free oil
is similar to that of gravity separators. However, air flotation
units can also remove dispersed oil droplets in the 40 to 150
micron size range. The addition of coagulants, such as salts of
iron and aluminum with or without organic polyelectrolytes, may
further enhance the effectiveness of the air flotation process iIn
removing emulsified oil.

Adequate laboratory or pilot studies are necessary, and
adequate justification for the additional maintenance
requirements should be documented before selecting an air-
flotation unit for oil-water separation. Criteria for design of
these units are provided in the EPA Manual 625/1-79-001, Process
Design Manual for Sludge Treatment and Disposal and will not be
described further herein.

5.5.3 Treatment of Emulsified Oil

5.5.3.1 Destabilization. Treatment of oil emulsions is usually
directed toward destabilizing the dispersed oil droplets, causing
them to coalesce and form free oil. The process typically
consists of rapidly mixing coagulant chemicals with the waste-
water, followed by gentle mixing (flocculation). The agglomerated
oil droplets may then be removed by gravity or flotation.

5.5.3.2 Chemical Processes. Alternative chemical emulsion
breaking processes 1nclude either the addition of acid (acid
cracking), iron or aluminum salts (coagulation), or chemical
emulsion breakers. In acid cracking, the pH i1s reduced to
approximately 3 to 4, so the wastewater must be neutralized after
oil-water separation. The use of iron or aluminum salts with or
without polyelectrolytes may be less costly, but produces
additional solids from the chemical precipitates. Proprietary
chemical emulsion breakers are very effective, but they are more
costly than iron or aluminum salts. A number of proprietary
emulsion breakers are available through specialty chemical
suppliers. Different products should be evaluated through bench-
scale tests to determine which i1s most effective in a particular
application.
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Some factory manufactured OWSs are designed with
emulsion breaking chambers where chemicals are added and mixed.
Otherwise, emulsion breakers should generally be added to the
wastewater as far upstream of the OWS as practical. Further
guidance in the treatment of emulsions i1s given in API
Publication 421.

5.5.3.3 Mechanical Impingement and Filtration Processes. Other
methods for removing emulsiftied o1l include mechanical
impingement devices and filtration. Representative of the former
are the so-called coalescing filters and the cartridge-type
emulsion breakers that are used as the final step In the Fram
oily water separation system (following solids filtration or
sedimentation and free oil removal). The Fram type cartridge
unit contains a medium containing numerous small (25 microns),
irregular, continuous passages through which the wastewater
flows. The emulsion is broken by impingement of the oil droplets
on the surface of the medium. The cartridge can be backwashed
and/or replaced. Coalescing-type separators are recommended only
for light oil loadings when a higher level of oil removal is
required, the wastewater stream contains minimal solids
concentrations, and the facility is committed to the additional
maintenance procedures required to keep the unit free of debris.

Pressure fTilters may also be used to remove dilute
concentrations of mechanically emulsified oil, usually as a
polishing step downstream of gravity or flotation units.
Activated carbon, other proprietary solid phase sorbents, or
bentonite clay/anthracite are typically used as the media.
Application of filters at military installations i1s expected to
be extremely rare, so the design of these units iIs not covered
herein.

5.5.4 Treatment of Dissolved Oil. Treatment of dissolved oil
is also not normally practiced at military bases. Dissolved oil
that might be present would be expected to be removed by the
biological treatment processes employed by the FOTW or POTW to
which the wastewater is discharged. Where pretreatment of
dissolved oil at an upstream location is required, adsorption
would be the probable method of choice. There are other
treatment technologies such as membrane filtration and advanced
oxidation techniques, but these technologies are rarely cost
effective compared to adsorption or biological treatment.

5.6 Design of OWSs. Design of conventional and parallel-
plate OWS systems requilres proper characterization of the
wastewater, establishment of the design flow, sizing of the
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separator, and proper flow attenuation/flow equalization of the
influent. The designer should work to identify the user’s needs
and the capability of any vendor-supplied equipment. These
aspects of system design are discussed in the following
paragraphs.

5.6.1 Wastewater Characterization. |If possible, the
wastewater to be treated should be analyzed for total oil and
grease using conventional methods given by EPA, Standard Methods,
or American Society for Testing and Materials (ASTM). In
addition, the free, emulsified, and dissolved oil fractions
should be determined by the method described in APl Publication
421 referred to in par. 5.2.3. In the absence of data, a design
globule diameter of 150 microns can be assumed for the design of
conventional separators and 60 microns for parallel-plate
separators.

As indicated previously, although OWSs are designed to
remove free oil they also remove solids. Therefore, the solids
content of the wastewater is important in overall system design.
Analyses should include TSS, volatile suspended solids (VSS), and
settleable solids. These analyses will help determine the amount
and frequency of settled materials that will need to be removed
from the bottom of the OWS and the advisability of providing grit
removal upstream of the OWS.

Other wastewater characteristics important in the
design of OWSs are the specific gravities of the oil and water
phases and the absolute viscosity of the wastewater, both at the
minimum design temperature. Wastewater temperature has a major
impact on the efficiency of the separator, with poorer separation
occurring at lower temperatures. Separators are not designed to
remove pollutants such as phenols, solvents, and heavy metals.
These pollutants should be addressed by the use of pollution
prevention techniques.

5.6.2 Site Considerations. The OWS should be designed to be
readily accessible for maintenance and inspection. Visual
inspection and the ability to probe for solids levels are
critical to good operation. Aboveground units are the easiest to
access for maintenance and inspection. |If belowground units are
used, they should have adequate access points for iInspection and
cleaning. Belowground units should also be installed with a
liner and leak-detection system.

5.6.3 Establishing the Design Flow. The efficiency of
separation also decreases when flow exceeds the design capacity
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of the separator. Therefore, the design flow should be based on
the maximum flow rate to be treated, including the addition of
any future oily wastewaters and stormwater runoff. |In
determining peak flow rates, variations between shifts and daily
and seasonal variations should be considered. Flow rates should
be measured where the wastewater generating process already
exists, or accurately estimated where i1t does not.

In some cases, establishing production-based wastewater
generation rates may be useful for projecting future flows. For
example, the maximum flow expected from an aircraft washing
facility may be estimated from the expected washwater per
aircraft multiplied by the maximum number of aircraft to be
washed In a given period. If unit wastewater generation rates
from another facility are used, differing conditions should be
accounted for, such as differences iIn the type and size of
aircraft and washing procedures.

Where high flows of short duration are to be handled,
an alternative to constructing a larger separator Is to separate
or divert extraneous flows from the system. For example, an
outdoor washrack could be curbed and provided with a manually
controlled valve to allow storm runoff to be diverted to a
separate drain during rainfall periods. In general, flow
equalization upstream of an OWS i1s beneficial where the OWS would
otherwise experience slug loads.

5.6.4 Design Criteria for Conventional Separators. The
following parameters should be considered 1n the design of
conventional OWSs:

a) Design flow

b) MInimum wastewater temperature

C) Wastewater specific gravity

d) Wastewater absolute (dynamic) viscosity
e) Wastewater oil-fraction specific gravity

) Minimum globule size to be removed, usually
150 microns

Type and amount of detergents present in the
wastewater and potential changes iIn future detergent use
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h) The quantity of solids to be removed and handled
1) The effluent or pretreatment limits to be met

Design criteria should conform to criteria established
by the APl, as follows:

a) Horizontal velocity through the separator should
be less than or equal to 3 feet per minute or equal to 15 times
the rise rate of the oil globules.

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

C) The ratio of separator depth to separator width
should typically be In the range of 0.3 to 0.5.

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

e) Where continuous service 1S required, a backup
channel or unit should be provided.

For a step-by-step design procedure, refer to API
Publication 421. MIL-HDBK-1005/9 also contains design
information.

5.6.5 Design Criteria for Parallel-Plate Separators.
Parallel-plate OWSs are furnished as pre-engineered, factory-
assembled units. As such, designs vary by manufacturer, and
vendor experience must be used In unit sizing and selection.

In general, however, the parameters and procedures used for the
design of parallel-plate separators are the same as for
conventional separators, except that a smaller design globule
diameter of 60 microns is usually assumed. The perpendicular
distance between plates typically ranges from 0.75 to 1.5 inches
(2 to 4 cm), and the angle of plate inclination from the
horizontal typically ranges between 45 and 60 degrees.

Placement of the OWS to provide accessibility is
particularly important for parallel-plate separators.
Accessibility 1s essential for maintaining the parallel plates in
the separation chamber, which may require frequent cleaning.
Removal for cleaning with high-pressure cleaning equipment iIs the
procedure of choice. |If cleaning In place i1s used, a hose
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connection and proper provisions to minimize worker health and
safety risks should be provided. |If high solids concentrations
are present, it may be advisable to install a sedimentation basin
upstream of the OWS.

5.7 O1l/Sludge Removal and Disposal. Sludges and oils that
are not periodically pumped from separator holding tanks can
render OWSs inoperative. Reliable oil removal from the surface
of the separation chamber i1s a frequent problem with both
commercially available units and custom-designed separators.
Currently, the most satisfactory method involves suction removal
by installation personnel using equipment normally used for
cleaning catch basins. This equipment is commonly referred to as
a “vacuum'™ or "vac-all” truck.

Oils and oily sludges removed from the OWS may be
disposed of by reuse/recovery, incineration, sale by the Defense
Reutilization and Marketing Office (DRMO), waste hauler,
landfill, and land disposal. 1t i1s recommended that final
disposal options be evaluated concurrently with oil/water
separation methods and environmental requirements to establish
the most cost-effective total system. The sludge may require
regulation as a hazardous waste if levels of pollutants exceed
RCRA or state hazardous waste levels. Further, a leaking OWS
containing a hazardous waste can result in designation as a solid
waste management unit (SWMU) and be subject to corrective actions
under RCRA regulations (40 CFR Subpart F).

5.8 Guidance Documents. The following documents provide
additional guidance 1n designing or selecting OWSs. Also refer
to the References section In this handbook.

a) ETL 1110-3. Selection and Design of OWS at Army
Facilities, Army Engineering and Technical Letter August 26,
1994. This ETL 1s a comprehensive design guidance document for
OwsS.

b) MIL-HDBK-1005/9. Industrial and Oily Waste

Control.

C) API1 Publication 421. Design and Operation of Oil-
Water Separators, American Petroleum Institute, 1220 L Street,
Northwest, Washington, D.C. 22005, February 1990.
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d) HQ USAF/CE Memorandum. Oil/Water Separators:
Operation, Maintenance and Construction, October 21, 1994. This
memo i1ncludes the Environmental Compliance Policy for OWS
Operations, Maintenance, and Construction.

e) HQ AFCEE Pro-Act Fact Sheet. Oil/Water
Separators, December, 1996. (Web Address:
http//www.afces.brooks.af. mil/pro_act/main//proact4.htm).
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Section 6: PACKAGE PLANTS AND SMALL FLOW TREATMENT SYSTEMS

6.1 General. Treatment systems handling less than 1.0 mgd
(3.8 ML/d) are generally considered small flow treatment systems.
Military bases often have remote facilities or groups of
facilities serviced by small flow treatment systems. This
section provides general information on designing for small flow
treatment systems as well as iInformation on specific systems that
are not covered in the Primary Design Guidance Documents. Also
included at the end of this section Is a discussion on the proper
use of garbage grinders and grinder pumps in collection systems
feeding small flow systems and package plants.

6.1.1 Types of Small Flow Treatment Systems. The primary
treatment systems used for small flow applications are package
treatment plants, Imhoff tanks, septic tanks, mound systems, and
waterless toilets. Filtration/reuse systems are sometimes added
to Imhoff tanks or septic tanks when additional treatment of the
effluent 1s necessary. WEF MOP 8 addresses Imhoff tanks. The
remaining small flow treatment systems are described iIn this
section.

6.1.2 Unique Characteristics of Small Flow Treatment Systems.
Package plant units are generally modularly constructed steel
units assembled onsite from factory-supplied, pre-assembled
components. These treatment systems can provide treatment within
a range of about 10,000 gpd up to approximately 1 mgd per
treatment unit. For package plant systems, the principles of
design do not differ from larger treatment plants, although the
choice of equipment usually will. This difference usually stems
from economies of scale: certain operations are economically
feasible only on a large scale. Types and characteristics of
package plant systems and a typical package plant layout are
provided In this section.

In contrast, Imhoff tanks, septic tanks, mound systems,
and waterless toilets are only applicable to very small flows.
Small flow systems must make larger safety factor allowances for
flow variation and temperature effects relative to total
wastewater flows than larger treatment systems. While small flow
systems i1nherently have less operational flexibility, they are
capable of performing effectively and efficiently. Design
criteria for septic tanks, mound systems, waterless toilets, and
filtration/reuse systems are given below following the sections
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on package plant systems. (See also Field and Laboratory Studies
of Onsite Household Wastewater Treatment Alternatives, Hutzler

et al., 1984; and Biological Wastewater Treatment: Theory and
Applications, Grady and Lim, 1985.)

6.2 Package Plant Systems. These systems combine processes
such as aeration, settling, and solids treatment in a single
multicompartment tank. Potential savings result from design
standardization and factory production.

6.2.1 Types of Treatment Processes. Refer to Table 8 for
classification according to the biological process employed and
other characteristics. Select the treatment type according to
the biological process. Note that some treatment types require
separate primary settling. See Figure 14 for a typical treatment
plant layout and a flow diagram incorporating a secondary
treatment activated sludge package unit.

6.2.2 Evaluation of Particular Packages. For most treatment
types, competitive packages are available from different
manufacturers. Evaluate proprietary features and performance by
cross-checking with manufacturers and with operators at an actual
installation. Use package plants certified by the National
Sanitation Foundation. Refer to NCEL CR-70.11, Analysis of
Wastewater Treatment and Disposal Systems for Advanced Bases.

6.2.3 Performance Certification. Specify requirements based
on the evaluation described above. Specify the method of
operation and performance testing and indicate the penalties for
failure to comply, Including conditions requiring removal or
replacement.

6.2.4 Capacity Ranges. Typical population equivalents for
various biological processes available from vendors or as package
units are shown in Table 8. These systems, depending on their
size, may be supplied either as skid-mounted assemblies, or as
field assembled units from package parts supplied by a
manufacturer. Table 8 also includes information about process
types, as well as a description of units, disposal
recommendations, aeration methods, and applications.
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Figure 14
Activated Sludge Package Plant Installations
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6.3 Septic Tank Systems. Septic tanks, with appropriate
effluent disposal systems, are acceptable as a treatment system
for i1solated buildings or for single-unit residential buildings
when permitted by regulatory authority and when alternative
treatment i1s not practical. When soil and drainage
characteristics are well documented for a particular site, septic
tank treatment may be permanently feasible.

Because the septic tank treatment system 1S a
biological process, and because i1t usually discharges directly
above shallow groundwater, it is particularly important that
toxic or hazardous chemicals are not discharged to it.
Discharging industrial wastewater to septic tanks violates the
underground injection provisions of the Safe Drinking Water Act
(SDWA). In addition, grease and nonbiodegradable products should
not be discharged into these systems since these products can
clog system components.

For this reason, use of garbage grinders in domestic
and light commercial facilities serviced by septic tank systems
should be discouraged. For these users, food and other kitchen
wastes should be disposed of entirely through the garbage
collection system. Designers are cautioned to evaluate the
sources of waste carefully before designing a septic tank system,
and to advise upstream sewer users of appropriate discharges and
source control to prevent improper releases to septic tank
systems.

6.3.1 Size. Septic tanks perform settling and digestion
functions and are effective In treating from 1 to 300 population
equivalents of waste. (A population equivalent Is considered to
be approximately 100 to 120 [380 to 450L] gallons per capita per
day of domestic strength wastewater.) Generally, septic tanks
should be used only for 1 to 25 population equivalents, except
when septic tanks are the most economical solution for larger
populations within the above range. Minimum size will be at
least a 500-gallon (1,900-L) capacity. In designing tanks, the
length-to-width ratio should be between 2:1 and 3:1, and the
liquid depth should be between 4 and 6 feet (1.2 and 1.8 m).
(Refer to Figure 11 and see Military Standard Drawings

No. 26-20-01 and 26-20-02 for details of construction.)
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Typical Two-Compartment Septic Tank
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6.3.2 Detention Time. Detention time depends largely on the
method of effluent disposal. When effluent is disposed of 1In
subsurface absorption fields or leaching pits, 24 hours of
detention time based on average flows iIs required. The septic
tank should be sized to provide the required detention (below the
operating liquid level) for the design daily flow plus an
additional 25 percent capacity for solids storage. |If secondary
treatment such as a subsurface sand filter or an oxidation pond
is provided, this period can be reduced to 18 hours. Open sand
filter treatment can further reduce detention time to 10 to

12 hours.

6.3.3 Effluent Disposal. Absorption field and leaching well
disposal should normally be limited to small facilities (less
than 50 population equivalents). If the total population is over
50, then more than one entirely separate field or well would be
acceptable. For 10 or more population equivalents, discharge of
effluent will be through dosing tanks, which periodically
discharge effluent quantities near 80 percent of the absorption
system capacity.

6.3.3.1 Subsurface Absorption. Subsurface absorption can be
used i1n conjunction with septic tank treatment when soil
conditions permit. Percolation tests should be performed as
required by the U.S. Public Health Service, and the groundwater
table at the highest known or anticipated level should not reach
any higher than 2 feet (0.6 m) below the invert of the lowest
distribution line.

Absorption fields normally consist of open-joint or
perforated distribution pipe laid In trenches 1 to 5 feet (0.3 to
1.5 m) deep and 1 to 3 feet (0.3 to 0.9 m) wide. The bottoms of
the trenches are filled with a minimum of 6 inches (15 cm) of
3/4- to 2-1/2-inch rock or gravel (Figure 16). The perforated
distribution pipe is laid on top of this rock, and the open
joints between pipe lengths are covered to prevent clogging.

More rock is placed carefully over the pipe network, and then a
semipermeable membrane is used over the rock layer to prevent
fine, grained backfill from clogging the drainage zone.
Distribution pipe may be spaced as close as 2 feet (0.6 m) i1f the
rock beneath i1s deep, the subsoil porous, and distance to bedrock
greater than 4 feet (1.2 m).

Generally, distribution pipelines are 3 to 6 feet
(0.9 to 1.8 m) apart laterally and are no longer than 100 feet
(30 m). Consult EPA 625/1-80-012, Process Design Manual for
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Onsite Wastewater Treatment and Disposal Systems, for complete
details and leach fTield special design information. Minimum
depth of trench will be 18 inches (46 cm), with 12 inches (30 cm)
of backfill. Invert slopes will be 0.3 percent when dosing tanks
are used and 0.5 percent when not used. Soil absorption systems
will be 100 feet (30 m) from water supply wells, 50 feet (15 m)
from streams, 10 feet (3 m) from any dwelling or property lines.
Soil testing is a required prerequisite for any subsurface
disposal of waste. EPA 625/1-80-012 Chapter 3 specifies soil
testing methodologies, including the standard Falling Head
Percolation Test procedure used to estimate local percolation
rates. Local and state regulations should also be consulted
because they often provide meaningful guidance for the soil types
in specific geographical areas.

6.3.3.2 Leaching Wells. Leaching wells can be used for septic
tank effluent disposal where subsoil is porous. Although
absorption beds are generally preferred, site characteristics and
cost considerations may encourage the use of a leaching well.
Wells are constructed with masonry blocks or stone with lateral
openings and gravel outside to prevent sand from entering the
well. |If more than one well 1s required, space the wells at
intervals with at least twice the diameter of a well as distance
between well hole sides.

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

6.3.3.3 Subsurface Sand Filters. Septic tank effluent can also
be applied to subsurface sand filters. Subsurface explorations
are always necessary. Clogging and installation costs are
significant disadvantages. Where recirculatory sand filters are
used, dose rate may range between 3 and 5 gallons per day per
square foot (gpd/sq ft) (0.12 and 0.2 cubic meters per day per
square meter [cu m/d/sq m]). Consult EPA 625/1-80-012;
Intermittent Sand Filtration for Upgrading Waste Stabilization
Pond Effluents, Harris et al., 1977; and Intermittent Sand Filter
Design and Performance: An Update, Royayne et al., 1982, for
appropriate procedures for site evaluation and design parameters.
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Figure 16
Subsurface Absorption System
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6.3.3.4 Percolation Tests. In the absence of groundwater or
subsoil Information, subsurface explorations are necessary. This
investigation may be carried out with shovel, posthole digger, or
solid auger with an extension handle. In some cases the
examination of road cuts or foundation excavations will give
useful iInformation. |If subsurface Investigation appears
suitable, percolation tests should be made at typical points
where the disposal fTield i1s to be located. Percolation tests
determine the acceptability of the site and serve as the basis of
design for the liquid absorption. Consult EPA 625/1-80-012 for
percolation test procedures.

6.4 Mound Systems. Many installations are sited on
low-lying plains, reclaimed swamps, or poorly drained areas.
Saturated soil conditions or a high clay content, a high water
table, shallow depth to bedrock, and slow percolation make
ordinary soil disposal techniques unfeasible (see On-Site
Treatment, Boyle and Otis, 1982). In these situations, the
septic tank mound system may then be feasible.
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Figure 17
Seepage Pit Cross-Section
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6-4.1 Description. A typical mound system is shown in

Figure 15. A siphon may replace the pump 1f the mound is located
downslope. The mound itself consists of fill material, an
absorption area, a distribution system, a cap, and a covering of
topsoil. Effluent is dosed into the absorption area through the
distributor piping. The fill material provides the major zone of
purification before the cleansed effluent passes iInto the buried
topsoil of the original soil line. The cap i1s of fill, deep
enough to protect the piping; i1t should be sloped and contain
sufficient silt and clay to encourage runoff of rainfall.

The topsoil above i1s seeded with grasses to prevent erosion and
encourage some evapotranspiration. In pervious soils above
shallow bedrock, the mound should be deep enough to provide
absorption of pollutants before they can infiltrate bedrock and
enter groundwater.

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

61 cm) from the natural surface. As shown for slowly permeable
soil, 1T the percolation rate i1s less than 60 minutes per inch
(min/Zin.)(24 min/cm), the soil 1s permeable so that the slope of
the site may be cautiously increased to keep effluents in the
upper soil horizons. |If the percolation rate is greater than
120 min/in. (48 min/cm), then the soil is so impermeable as to
disallow use of a standard mound system. Soil characteristics,
water table depth, and amount of large fragments dramatically
influence mound design. Figure 19 illustrates a mound system
using two trenches, while Figure 20 shows the bed absorption
system. For further information on design criteria and
installation, see EPA 625/1 80-012.

6.4.3 Depth to Pervious Rock. A minimum of 24 inches (61 cm)
of unsaturated natural soil 1s required beneath the mount. This
natural soil provides additional purification capacity and serves
as a buffer i1n protecting the groundwater from contamination. It
also reduces the amount of fill material needed for the mound,
serving as a part of the unsaturated soil needed for
purification.
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A detailed cross-section of a mound using trenches for the absorption area.
Normally used on slowly permeable soil sites.

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

C = Frost protection cap, runoff promoter

H = Cap apex, minimum 1.5'

]
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| = Downslope
J = Upslope
L = Length

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

Figure 19
Mound System — Trenches
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Table 9
Soil and Site Factors That Restrict Mound Systems
Permeable
Soils with Permeable Soils
Restricting Slowly Pervious with High
Factors Permeable Soils Bedrock Water Table
Percolation 60-120 min/in. 3-60 min/in. 3-60 min/Zin.
rate(a) (24 to 48 1.1 to 24 (1.1 to 24
min/cm) min/cm) min/cm)
Depth to 24 iIn. 24 iIn. 24 1n.
previous rock (61 cm) (61 cm) (61 cm)
Depth to high 24 iIn. 24 1In. 24 1in.
water tables (61 cm) (61 cm) (61 cm)
Depth to 60 1n.(b) 60 iIn. 60 1n.(b)
impermeable (152 cm) (152 cm) (152 cm)
soil layer or
rock strata
Depth to 50% 24 1in. 24 1n. 24 1In.
by volume rock (61 cm) (61 cm) (61 cm)
fragments
Maximum slope 6% 6-12%(c) 6-12%(c)

(a) Percolation test depth at 24 inches, 12 inches, and 24 inches
(61 cm, 30 cm, and 61 cm) for slowly permeable, shallow
soils, and high water table soils, respectively, unless there

is a more restrictive horizon above.

IT perched water is at

24 1nches (61 cm), test depth should be held to 16 inches

(40 cm).

(b) See discussion In text (par. 6.4.5).

©

For percolation rate of 3 to 29 min/in. (1.1 to 11 min/cm),

maximum slope is 12 percent and for 30 to 60 min/in. (12 to
24 min/cm), maximum slope Is 6 percent.
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A detailed cross-section of a mound using a bed for the absorption area. Normally
used on shallow permeable soils with creviced bedrock or permeable soils with
high water tables.

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

C = Frost protection cap, runoff promoter

H = Cap apex, minimum 1.5'

L
] R
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K = End slope length
| = Downslope
J = Upslope
L = Length
A detailed plan view of a mound using a bed for the absorption area.

Figure 20
Mound System — Beds
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6.4.4 Depth to High Water Table. In mound systems, the
absorption area i1s raised above the natural soil to keep the
bottom of the trenches as least 2 feet (63 cm) above groundwater,
as well as creviced or porous rock or relatively impermeable
soils. High water tables can be determined by direct observation
or by soil mottling. Occurrence of grey and red soil mottling
phenomena can be used to Indicate periodic saturation with water.
However, lack of mottling does not always mean that seasonally
perched water does not occur. Looking at mottling is meaningful,
but direct observation i1s preferable i1f there is any doubt.

6.4.5 Depth to Impermeable Soil Layer or Rock Strata.

The depth to impermeable soil or rock strata can vary over a
range (see Figures 19 and 20). The optimum distance will vary
for a given site. Provide sufficient area so that the effluent
can move away from the mound. Otherwise, effluent will build up
in the mound and cause seepage out the toe of the mound.

Climatic factors, soil permeability, slope, and system
configuration affect this distance. Slowly permeable soils
require more area to remove the effluent from the mound than do
permeable soils. Frost penetration reduces the effective area
for lateral movement; thus, iIn warmer climates, depth
requirements are not as great as for colder climates.

Level sites require shallower depths than do sloping
sites, as more area is available for effluent dispersal since the
effluent can move in several directions. Less depth is required
for long narrow mounds than is required for more square systems
because the square system concentrates the liquid into a smaller
area.

6.4.6 Depth to 50 Percent Volume Rock Fragments. Rock
fragments do not assist 1n purification and disposal of
effluents. They cause the effluent to be concentrated between
the fragments. This may lead to saturated flow and, thus, poorer
purification. If the soil contains 50 percent rock fragments by
volume i1n the upper 24 inches (61 cm) of soil, then there is only
half the soil available for purification and disposal of the
effluent. Depths greater than 24 inches (61 cm) should be used
ifT the soil beneath the mound contains more than 50 percent by
volume of rock fragments. This is especially true for permeable
soils over creviced bedrock and In areas where the high water
table may intersect a potable water supply.
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6.4.7 Slopes. Site selection i1s very Important. The crested
site i1s the most desirable because the mound can be situated such
that the effluent can move laterally down both slopes. The level
site allows lateral flow in all directions but may present
problems because the water table may rise higher beneath the
mound In slowly permeable soils. The most common site Is the
sloping site, where all the liquid moves iIn one direction, away
from the mound. However, proper design can overcome this
limitation, especially in the less permeable soils. Place the
mound upslope and not at the base of the slope. On a site where
there 1s a complex slope, situate the mound such that the liquid
IS not concentrated In one area of the downslope. Upslope runoff
should be diverted around the mound.

Mounds require more stringent slope specifications than
conventional systems because of their reliance on lateral movement
of effluent through the upper soil horizons. Lateral movement
becomes more important as soil permeability becomes less. Thus,
on more slowly permeable soils, the maximum allowable slopes are
less. For the more permeable soils (3 to 29 min/in. [1.1 to
11 min/cm]), slopes up to 12 percent should function without
surface seepage because lateral movement Is not so great. For
tighter soils (30 to 120 min/in. [12 to 48 min/cm]), slopes should
not exceed 6 percent. For sloping sites, the downslope distance
(1) must be lengthened and the upslope distance (J) shortened.
Table 10 may be used for this calculation.

Table 10
Correction Factors for Mounds on Sloping Sites

Slope Downslope (I) Correction Downslope (J) Correction

(percent) Factor Factor

0 1.0 1.0

2 1.06 0.94

4 1.14 0.89

6 1.22 0.86

8 1.32 0.80

10 1.44 0.77

12 1.57 0.73
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6.4.8 Special Siting Considerations. Construction of mound
systems as well as conventional systems is not recommended iIn
flood plains, drainage ways, or depressions. Generally, sites
with large trees, numerous smaller trees, or large boulders are
unsuitable for the mound system because of the difficulty iIn
preparing the surface and the reduced infiltration area beneath
the mound. As with rock fragments, tree roots, stumps and
boulders occupy space, thus reducing the amount of soil for
proper purification. |If no other site is available, then 1t 1is
recommended to cut the trees off at ground level, leaving the
stumps. A larger mound area may be necessary if too many stumps
are involved for sufficient soil to be made available to accept
the effluent. Separating distances should be considered between
the toe of the fill and the respective features, such as a
building, well, slope, or stream. When the mound or fill 1is
located upslope from a building or other features on soils with
slow percolation rates or slowly permeable subsoil layers, the
separating distances should be increased.

6.4.9 Basal Area Calculation. The natural soil-fill area
interface 1s the basal area. The effluent 1s accepted from the
overlying mound fill through this area iInto the subsoil beneath.
For level sites, the basal area equals the mound area. For
sloping sites, the basal area downslope from the bed or trenches
i1s used i1n basal loading rate calculations. It includes the area
enclosed by B*(A+C+1+J)for a trench system (Figure 15) or
B*(A+1+J) for a bed system (Figure 16). The percolation rate for
the natural soil will determine how much area is required. For
percolation rates applicable for mound systems, the design basal
loading rates are provided In Table 11.

Table 11
Percolation Rates and Corresponding Design Loading Rates
3 to 29 min/in. Use 1.2 gpd/sq ft
(1.1 to 11 min/cm) (0.049 cu m/d/sq m)
30 to 60 min/in. Use 0.74 gpd/sq Tt
(12 to 24 min/cm) (0.03 cu m/d/sq m)
60 to 120 min/in. Use 0.24 gpd/sq Tt
(24 to 48 min/cm) (0.0098 cu m/d/sqgq m)
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6.5 Waterless Toilets

6.5.1 Humus "‘Composting'™ Toilets. The U.S. Forest Service
and several manufacturers have developed several types of humus
toilets (see The Composting Option for Human Waste Disposal in
the Backcountry, Fay and Walke, 1975, and Utilization of
Earthworms and Micro-organisms in Stabilization and
Detoxification of Residue Sludges from Treatment of Wastewaters,
Hartenstein and Mitchell, 1978). AIll humus toilets are
watertight and depend upon microbiological decomposition for
their reduction in volume and their destruction of pathogens.

The patented "Clivus Multrum'™ is the forerunner of the modern
composting toilet. The Clivus Multrum essentially involves only
a toilet seat and a large sloped container with floor tilted at
33 degrees. This allows excreta to aerate and to gradually move
to the base of the chute toward an access hatch. Excess moisture
evaporates through a 6-inch (150 mm) roof vent. The system
depends upon the user depositing peat moss or soil into the chute
periodically. Kitchen waste, toilet paper, shredded paper or
other biodegradable waste should also be added regularly.

After about 3 years, and once each year thereafter, a
small amount of "humus-like'™ compost may be removed from the
access port and used as fertilizer. Humus toilets are simple,
very efficient, and easy to install. However, they are
moderately expensive, are space iIntensive, and also require a
slope or must be installed on the second floor. They should be
seriously considered In mountainous terrain or when buildings are
built on slopes. Smaller box-like units have been designed and
installed 1n Scandinavia and England but these require an
electric heater (see New Options for a Sewerless Society, Liech,
1976.)

6.5.2 Chemical Toilets. Chemical toilets are usually
manufactured of fiberglass and are i1nexpensive to install and
maintain. The chemicals used have a high pH and have been known
to cause minor burns. A fragrance is usually added to mask odors
because no biological degradation occurs between cleanings.

After cleaning, pumper trucks usually transport the treated
wastes to a sewage treatment plant. Chemical units are less
desirable than humus units because they require not only greater
energy costs but also constant maintenance and hauling to a
treatment plant.
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Another chemical treatment method i1s to use mineral oil
as the transfer liquid. These units are common on cargo vessels,
and at national parks, rest areas, and gas stations. They do have
some advantage over other chemical toilets. Wastes are pumped to
a central holding tank, undergo considerable degradation during
storage, and are more aesthetically acceptable. However, their
maintenance requires highly trained personnel. Ozonation units
that couple anaerobic and aerobic treatment and ozone saturation
have been produced by several firms. However, such units
installed 1n California have proven to be expensive.

6.5.3 Aerated Pit Latrines. Military units of small size
assigned to the fTield or to relatively remote outposts may use
aerated pit latrines. These latrines are improved versions of
the "privy." The pit may be excavated, using a backhoe or hand
labor. Usually the pit walls are supported by 2 x 4 lumber and
lagging. The privy structure is best designed to allow easy
transport to a new location. It may be uncoupled from the pit
wall supports and carried to another location when the pit is
filled with waste to within 2 feet (0.6 m) of the ground surface.
Once the structure has been removed, the remaining pit is buried
with topsoil and seeded to grass.

Some modern designs use passive solar panels to produce
a rising current of warm air, which passes out of a screened vent
pipe. Screened openings are provided at the base of the privy
structure to allow cool air to move laterally across the top of
the pit, up, and then out of the vent. Latrines can be operated
as composting toilets 1f leaves, wood chips, and pine straw are
added to the excreta. If well designed and responsibly
maintained, the aerated pit latrine will not harbor vectors nor
will odors accumulate. For further details, see Excreta Control
for Rural Area, Wagner and Lanoix, 1958.

6.6 Filtration/Reuse Systems. To meet stricter standards,
improved intermittent sand filters have been developed to treat
wastes from Imhoff tanks or septic tanks. The system developed
includes a recirculation tank and an open sand filter

(Figure 21). A clock mechanism and pump ensure a recirculation
rate that results in fresh liquid being dosed onto the surface of
the sand filter. Solids are partially washed onto the sand and
kept odor-free. Float controls provide override of timer clocks
should flows iIncrease to near overflow levels before the clock
sets pumps into action. Dosing is through troughs rather than
through central pipe and splash block. Sand size i1s coarse
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(0.0118 to 0.059 iInch for the top 2 feet [0.6 m] of filter) to
allow a dose rate of 5 gpd/sg ft (0.2 cu m/d/sg m).

6.6.1 Recirculation Tank. The recirculation tank receives
some underdrainings from the filter and mixes this with the
septic waste. The recirculation tank should be between
one-quarter and one-half the size of the Imhoff or septic tank.
A simple movable gate directs flow from the drain either to the
recirculation tank or to chlorination or other further treatment
and ultimate discharge. A tee turned upside-down and a rubber
ball suspended in a stainless steel basket under the open end of
the tee will also provide adequate flow control.

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

4 to 5 times the amount of raw sewage is pumped each day.
Duplicate, alternative pumps are required. Sand and gravel are
placed carefully so as not to crush the plastic or tile pipe
underdrains. Usually two separate sand filters are built so that
filters can be raked each week and allowed to completely aerate.
Prior to winter operation, the top 2 inches (5 cm) of sand on the
Tfilters i1s replaced. Since these Tilters are placed on the
surface, they should be surrounded by a fence and landscaped.
Effluent will be of good quality, with biochemical oxygen demand
values ranging between 1 and 4 mg/L. In the winter, ammonia may
range from 40 to 50 mg/L. Pathogens are practically completely
removed.

6.6.3 Design Information. Design concepts are detailed 1In
Renovation of Secondary Effluent for Re-use as a Water Resource,
Kardos et al., 1974; On-Site Sewage Treatment, American Society
of Agricultural Engineers (ASMAE), 1984; Ecological Aspects of
Used Water Treatment, Curds and Hawkes, 1975; and Alternative
Wastewater Treatment, Eikum and Seabloom, 1982.

6.7 Garbage Grinders and Grinder Pumps. The following
information Is provided for consideration by the designers of
small flow and package plant treatment systems.
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6.7.1 Garbage Grinders. Garbage grinders are commonly used to
dispose of large portions of solid waste created by food service
facilities. Such facilities have created problems in the
wastewater collection and treatment systems serving military
housing areas. Garbage grinders that discharge into public
wastewater collection and treatment facilities generally present
few problems. However, when discharge is to a relatively small
package wastewater treatment plant, a lagoon system, or especially
to septic tank and soil absorption/leach field systems, problems
can occur. These problems include overloading of the treatment
system, clogging of sewer lines or leach field distribution lines,
and grease ball formation in the collection and treatment systems.
Designers should discourage the use of garbage grinders for users
discharging into small flow treatment systems.

6.7.2 Grinder Pumps. Grinder pumps are appropriate for use
where small flows (less than 200 gpm) are encountered and where a
high degree of solids i1s discharged into a package-type activated
sludge wastewater treatment plant. Typically a grinder would be
used to serve one or two facilities or residences and to pump the
wastewater Into a larger force main or iInto a gravity system
feeding a package plant system. Grinder pumps are not
recommended for systems that discharge to septic tank and other
small flow treatment systems since they may suffer from the same
problems that garbage grinders can cause.

For larger systems, the grinder pump station should be
equipped with all the features of a larger pump station. It
should be a duplex system with alternating pumps for reliability
operating on a float control system. The control panel should be
protected against lightning strikes, have remote alarm capability
and an emergency generator connect capability. Grinder pumps
shall be manufactured with all metal components and have high-
strength, reversible cutter rings. Grinder pumps should be
equipped with a quick-disconnect, lift-out assembly so pumps can
be removed without the need for disconnecting the discharge
piping or for entering the wet well.
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Section 7: LAGOON SYSTEMS

7.1 Background. Lagoon (pond) systems are used to treat a
variety of wastewaters, from domestic wastewater to complex
industrial waters. Lagoon systems are primarily used in smaller
communities when used for domestic wastewater treatment. The
concept i1s well suited for remote wastewater treatment facilities
at installations where land is readily available but skilled
maintenance is not. Lagoon systems function under a wide range
of weather conditions, from tropical to arctic. Lagoons can be
used alone or In combination with other treatment processes.
They are often a preferred system in hot climate zones where
stringent effluent limitations do not need to be met.

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

In addition to the guidance provided here, many state
health departments have adopted detailed design criteria specific
to theilr geographic regions. Thus, the designer should check
state regulations to determine minimum design criteria for pond
sizing. The designer should also pay particular attention to
protection requirements from seepage and to groundwater
monitoring requirements. Typical design criteria employed by
engineers in the design of wastewater lagoons can be found iIn
Recommended Standards for Wastewater Facilities, Great Lakes-
Upper Mississippl River Board of State Public Health and
Environmental Managers (Great Lakes), 1990. EPA-625/1-83-015,
Design Manual for Municipal Wastewater Stabilization Ponds,
describes technological advances and presents detailed planning,
design, and construction information on lagoons. Included iIn the
EPA manual are detailed sample design calculations, and the
designer 1s encouraged to consult this reference. Design
Guidance Document WEF MOP 8 also contains useful, detailed design
information for facultative and aerated lagoons. This
information is also covered here for completeness.

7.2 Lagoon Applications. Over the years, a variety of
terms has been used to designate waste treatment lagoons,

109



MIL-HDBK-1005/16

resulting in a certain amount of confusion. Wastewater lagoon
systems can be classified by dominant type of biological
reaction, duration and frequency of discharge, extent of
treatment ahead of the pond, or arrangement among cells (if more
than one cell is used). The most basic classification describes
the dominant biological reactions that occur in the lagoon, and
that classification has been adopted here. The four types of
lagoon systems are:

a) Facultative (aerobic-anaerobic)
b) Aerated
c) Aerobic

d) Anaerobic

Table 12 summarizes information on pond application,
loading, and size for each of the pond types discussed iIn this
section.

7.2.1 Facultative Lagoons. The most common type of pond is
the facultative pond. Other terms commonly applied are oxidation
pond, stabilization pond, sewage (or wastewater treatment)
lagoon, and photosynthetic pond. Facultative ponds are usually
4 to 8 feet (1.2 to 2.5 m) deep, with an aerobic layer overlying
an anaerobic layer, often containing solids deposits. Usual
detention time i1s very long, ranging from 25 to 180 days.
Anaerobic fermentation occurs 1In the lower layer and aerobic
stabilization occurs in the upper layer. The key to facultative
operation is oxygen production by photosynthetic algae and
surface reaeration. The oxygen i1s used by the aerobic bacteria
in stabilizing the organic material In the upper layer. Algae
present in pond effluent represents one of the most serious
performance problems associated with facultative ponds.

Facultative lagoons have widespread application. They
are used to treat raw municipal wastewater (usually for small
communities) and primary or secondary effluent (for small
cities). They are also used in industrial applications,
following aerated ponds or anaerobic ponds to provide additional
stabilization prior to discharge. The facultative pond i1s the
easiest to operate and maintain, but there are definite limits to
its performance. Effluent BODs values range from 20 to 60 mg/L,
and levels of suspended solids may range from 30 to 150 mg/L or
more. The facultative lagoon also requires a large land area to
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maintain area BODs loadings In a suitable range. For this lagoon
type, allowable organic loadings are generally much higher in
summer than in winter, an advantage iIn areas where seasonal food
processing wastes are received during summer.

The total containment pond and the controlled discharge
pond are forms of facultative lagoons. The total containment
pond is applicable in climates where evaporative losses exceed
rainfall. Controlled discharge ponds have long hydraulic
detention times, and effluent i1s discharged once or twice per
year when the effluent quality i1s satisfactory.

7.2.2 Aerated Lagoons. [In an aerated lagoon, oxygen is
supplied mainly through mechanical or diffused air aeration
rather than through photosynthesis and surface reaeration. Many
aerated ponds have evolved from overloaded facultative ponds that
required aerator installation to iIncrease oxygenation capacity.
Aerated lagoons are generally 6 to 20 feet (2 to 6 m) deep with
detention times of 7 to 20 days. The chief advantage of aerated
ponds compared with facultative lagoons i1s that they require less
land area.

Aerated ponds are used iIn both municipal and industrial
wastewater treatment applications. For municipal wastes, aerated
ponds are often resorted to when a facultative system becomes
overloaded and minimal land is available for expansion. For
industrial wastes, they are sometimes used as a pretreatment step
before discharge to a municipal sewerage system. In both
municipal and industrial applications, aerated ponds may be
followed by facultative ponds.

7.2.3 Aerobic Lagoons. Aerobic ponds, also called high-rate
aerobic ponds, maintain DO throughout their entire depth. With
detention times averaging between 5 and 20 days, they are usually
12 to 18 inches (30 to 45 cm) deep, allowing light to penetrate
the full depth. Mixing i1s often provided to expose all algae to
sunlight and to prevent deposition and subsequent anaerobic
conditions. Oxygen is provided by photosynthesis and surface
reaeration, and aerobic bacteria stabilize the waste.
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High-rate aerobic lagoons are limited to warm,
sunny climates. They are used where a high degree of BODs
removal is desired but land area i1s limited. The chief advantage
of the high-rate aerobic pond is that it produces a stable
effluent with low land and energy requirements and short
detention times. However, operation iIs somewhat more complex
than for a facultative pond and, unless an algae removal step is
provided, the effluent will contain high suspended solids. Short
detention times also mean that very little coliform die-off will
result. Because of their shallow depths, paving or covering the
bottom of the ponds is required to prevent weed growth.

7.2.4 Anaerobic Lagoons. Anaerobic lagoons receive such a heavy
organic loading that there is no aerobic zone. They are usually

8 to 16 feet (2.5 to 5 m) deep and have detention times of 20 to

50 days.

An Important disadvantage of anaerobic ponds is the
production of odorous compounds. Sodium nitrate has been used to
combat odors, but i1t iIs expensive and In some cases has not
proven effective. Another common approach iIs to recirculate
water from a downstream facultative or aerobic pond to maintain a
thin aerobic layer at the surface of the anaerobic pond,
preventing transfer of odors to the air. Crusts have also proven
effective, either naturally formed, as with grease, or formed
from Styrofoam balls. A further disadvantage of the anaerobic
pond is that the effluent usually requires additional treatment
prior to discharge.

Anaerobic ponds are usually used for treatment of
strong industrial and agricultural wastes, or as a pretreatment
step where an industry is a significant contributor to a
municipal system. Because they do not have wide application to
the treatment of municipal wastewaters, anaerobic lagoons are not
discussed further in this manual.

7.3 Facultative Lagoon Design. The facultative lagoon
should be strongly considered for those installations that have
no significant industrial wastewater component but that have
available land area. This lagoon type is simple to operate,
stable to flow and load variations, and has low capital and
operating costs.

7.3.1 Sizing Basis: Loadings for Raw Sewage. Using Table 13,
select values between the maximum and minimum values provided.
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Choices depend on severity of freezing, ice cover, and available
sunshine. Check lagoon size for detention time as listed.

For facility layout with multiple ponds iIn series or
parallel, limit the first stage pond to 40 Ib/day/acre
(45 kilogram per day per hectare [kg/day/ha]) for odor control
in areas where the average winter air temperature is 32°F (0°C)
or less. For areas where the average winter air temperature 1s
50°F (10°C) or greater, the first cell in a series of cells may
be loaded as high as 90 Ib/day/acre (100 kg/day/ha). Proportion
the remainder of the total required area based on BODs loading
equally among remaining cells.

Table 13
Facultative Lagoon Sizing Criteria

Minimum BOD Loading iIn

Climate Ib/day/acre (kg/day/ha) Detention (d)
Minimum Maximum
Cold (extended 15 (17) 20 (22) 150 - 180

ice cover)

Temperate 20 (22) 50 (56) 40 - 150
(short ice cover)

Subtropical 50 (56) 100 (112) 10 - 40
and tropical
(no i1ce cover)

7.3.1.1 Depth. Provide an operating depth of 6 feet (1.8 m),
allowing varying depth between 3 to 8 feet (0.9 to 2.4 m) for
flow and load variations and insect and weed control. The ponds
will slowly accumulate solids over time, so convenient access
should be provided so equipment can dredge the ponds. This
normally 1s not required more frequently than every 10 years.

7.3.1.2 Design Equations. Refer to EPA-625/1-83-015 for
discussion and application of rational design equations.

7.3.2 Location. Locate the lagoon at least 0.25 mile
(0.4 km) downwind from populated areas 1t the pond receives ice
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cover through winter. Greater distance 1Is recommended i1f
possible.

7.3.3 Exposure. Choose a site which provides maximum sun and
wind exposure.

7.3.4 Inlets and Outlets. For circular or square lagoons,
the inlet should be near the center. For rectangular lagoons,
place the inlet at one-third the distance from the influent end.
Locate the outlet so that short-circuiting is minimized. Provide
the outlet with the capability of being drawn off at multiple
depths.

7.3.5 Construction. Provide levees with a minimum top width
of 6 to 8 feet (1.8 to 2.4 m) and an interior and exterior slope
ratio of 2:1 to 6:1. Provide natural impervious soil liner
(bentonite clay) if required to minimize exfiltration to
groundwater. Use of synthetic material lining will probably make
this treatment process uneconomical but may be required by local
regulations. See Figure 22 for details about facultative
lagoons. Refer to par. 7.7 for lagoon sealing requirements.

7.3.6 Layout. Use square, rectangular, or circular basins.
For small installations (5,000 gpd [19,000 Lpd]), single lagoons
are acceptable. Use multiple lagoons for larger installations
and arrange for series or parallel operation. See Figure 23 for
alternative lagoon flow schematics. Recirculation can be used to
increase operational flexibility and treatment efficiency.
Recirculation returns active algae cells, iIncreases oxygenation
capacity, and dilutes influent biochemical oxygen demand (BOD)

load. The recirculation ratio should be <2.

7.3.7 Performance. Effluent TSS will vary seasonally
(especially 1n cold climates) between 50 and 150 mg/L or more and
contain 10 to 100 mg/L of algae cells. BOD removal efficiency
will vary seasonally between 70 and 95 percent. Odors may be a
transient problem during spring in cold climates where lagoon
surfaces freeze over.

7.4 Aerated Lagoon Design. Aerated lagoons are oxygenated
through the action of surface or diffused ailr aeration. Because
the solids are maintained In suspension in an aerated lagoon, the
detention time required for BOD removal will be less than for a
facultative lagoon. The power requirement, however, will be
greater than for a facultative or aerobic pond, and a separate
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settling pond for the aerated lagoon effluent i1s usually provided
to remove suspended solids. The aerated lagoon is operated as a
complete mix, mechanically stirred, with no recycle system.
Compared with activated sludge systems, aerated lagoons have low
capital and operating costs and greater ease of operation.
Therefore, aerated lagoons should be strongly considered for use
at installations where adequate land area is available and
discharge limits are not strict.

7.4.1 Sizing Basis

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

7.4.1.2 Design Conditions. Use the more critical of the
following conditions:

a) Summer Conditions. Maximum BOD load for detention
period; design removal as required for receiving water; normal
summer wastewater temperatures; one basin out of service.

b) Winter Conditions. Same design load as summer;
minimum wastewater temperature; removal as required for receiving
water; all basins iIn service. Account for anticipated ice volume
in total volume.

7.4.1.3 Performance and Operating Requirements.

a) Detention time. Determine required total detention
time for a given number of complete mix ponds In series operation
using Equation 1. It can be assumed that dissolved effluent BOD
iIs 50 percent of total effluent BOD; that is, effluent TSS
contribute 50 percent of total BOD.
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Facultative Lagoon and Mechanically Aerated Lagoon
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EQUATION: t = (/KD [(So/S)™ -1] (D
where t = Total hydraulic detention time (d). Divide
T equally among number of aerated basins.
N = Number of aerated basins operated in series.
Kt = First order reaction rate at operating lagoon
temperature (d™)
So = Influent total BOD (mg/L).
Se = Effluent dissolved BOD (mg/L).

Determine rate constant from data for actual or similar
wastes and operating conditions. |If this i1s not practical, use
K = 2.5/d for normal domestic wastewater at 20 °C (Kx). Adjust
Koo to expected operating lagoon temperature using Equations (2)
and (3).

Increasing the number of ponds iIn series (n) decreases
the required total detention time (t).

b) Lagoon Temperature. Lagoon temperature is affected
by the influent waste and ambient air temperature, basin
geometry, and mixing conditions. The equilibrium temperature can
be approximated by Equation 2.

AfTa+QTi

EQUATION: Tw = @
Af+Q
where Tw = Lagoon waste temperature, °F (°C)
A = Surface area, sq ft (sgq m)
Ta = Ambient air temperature, °F (°C)

InfFluent waste temperature, °F (°C)

Wastewater flow rate, gpd (Lpd)

- O
I

= Proportionality factor 12 (500)
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For more details, refer to "Industrial Waste Treatment
in Aerated Lagoons'™ iIn Advances in Water Quality Improvement,
Mancini and Barnhart, 1968, and to Process Design Techniques for
Industrial Waste Treatment, Adams and Eckenfelder.

c) Temperature Correction. Use Equation 3 for
temperature correction of the rate constant.

EQUATION: Ky = Ko 6729 3)
where Kr = Rate constant at TL (d™)

Kyo = Rate constant at 20°C (d™)

0 = 1.085 for aerobic lagoons

TL = Temperature of lagoon contents (°C)

d) Oxygen Requirements. For treatment of normal
domestic sewage in aerobic lagoons, use a value of 1.3 Ib 0O,/Ib
applied (1.3 kg 0,/kg BOD). Where aerobic lagoons must meet low
effluent BOD requirements, consider using a perforated pipe grid-
air diffusion system. The air bubble curtain effect with this
type of system minimizes short-circuiting and maximizes
effectiveness of lagoon volume. Consult system supplier for
performance data. Alternatively, consider multistaged lagoons
and effluent recycle.

e) Mixing Requirement. No rational method is
available to determine the power Input necessary to keep solids
suspended. Consult equipment manufacturers to determine zone of
influence or complete mixing for vendor-supplied aerators.

For lagoon depths of 8 to 18 feet (2.4 to 5.5 m) and suspended
solids concentrations of 1,000 to 5,000 mg/L, provide 60 to

120 horsepower per million gallons (hp/mg) of basin volume. At
depths greater than 12 feet (3.7 m), draft tubes may be required.
For lesser depths, provide at least 30 hp/mg of basin volume.
Consult the aerator manufacturer about the need for anti-erosion
assemblies or special protection features to protect the pond
bottom from eroding under the influence of mechanical surface
aerators. Locate individual surface aerators for overlap of zone
of influence. Use several small units rather than fewer large
units to minimize the effect of downtime.
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) Solids Production and Buildup. Estimate
production based on settleable solids removed plus biological
solids yield from BOD removal. For domestic sewage, use 1.2 Ib
suspended solids produced per pound of BOD applied (1.2 kg
suspended solids produced per kg of BOD applied). Estimate solids
buildup 1n the final settling lagoon for storage and dredging
period determination based on 50 percent destruction of volatile
solids i1n anaerobic decomposition, and an accumulated solids
concentration of 10 percent. Provide a means for periodic
removal unless the solids storage volume i1s adequate for the
useful life of the lagoon.

7.4.2 Layout. See Figure 23 for alternative layouts with
multiple lagoons iIn series and parallel operation.

7.4.3 Construction. To prevent leakage, construct aerated
lagoons with earth embankments and impervious synthetic liners or
natural soil layers. See Figure 22 for details about aerated
lagoons. Refer to par. 7.7 for a discussion of liner and sealing
requirements.

7.4.4 Dimensions. The following dimensions are minimum
values:

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

b) Depth: From 10 to 20 feet (3 to 6 m) (with mixing
provision)

c) Freeboard: 3 feet (0.9 m)

7.4.5 Inlets and Outlets. Locate the inlet at maximum
distance from the outlet; discharge near aeration devices soO
diffusion will be rapid. Provide for submerged drawoff to avoid
floating material in effluent.

7.4.6 Protection. Provide scour pads beneath mechanical
aerators to avoid any possibility of membrane liners being pulled
into aerator rotors. Provide splash blocks at inlet discharges.
Riprap banks at water surface.

7.5 Aerobic Lagoon Design. The aerobic lagoon is most
applicable to domestic waste treatment in subtropical and
tropical climates. It should be considered for installations
with suitable land area and climate because it is simple to
operate and has low capital and operating costs. Aerobic lagoons
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for continuous year-round use should be restricted to areas where
the visible solar radiation i1s greater than 1.0 million calories

per square meter per day (cal/sq m/d) 90 percent of the time and

where freezing conditions never persist for an extended time.

7.5.1 Sizing Basis

7.5.1.1 Loading. BOD removal for settled sewage (primary
effluent) by an aerobic lagoon can be determined using
Equation 4. The equation appears first in English, then in
international system (S1) units.

EQUATION: ABOD = 21.872 [In (1./24)] %)
d
ABOD = 6.66 [In (1,/258)]
d
where ABOD = BOD removed by lagoon (mg/L)
d = lagoon mid-depth (£1.5 feet [<0.5 m])
I, = light intensity at lagoon surface

(footcandles [lux])

Term 1, 1s determined by the method of Oswald and
Gotaas, Photosynthesis in Sewage Treatment, ASCE, 1957. In the
absence of necessary solar radiation data, determine the total
required lagoon volume based on a BOD surface loading rate of
60 (subtropical) to 120 (tropical) lIb/day/acre (67 [subtropical]
to 134 [tropical] kg/day/ha). Proportion total required volume
equally among multiple lagoons in series or parallel operation.

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

7.5.1.3 Applications. Refer to EPA-625/1-83-015 for further
discussion of aerobic and nondischarging lagoons and application
of design equations.

a) Location. Refer to par. 7.3.2.

b) Exposure. Refer to par. 7.3.3.
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c) Inlet and Outlet. Refer to par. 7.3.4 for
rectangular ponds.

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

e) Layout. Use multiple rectangular lagoons in series
or parallel operation with length-to-width ratios of 2:1 to 3:1.
The individual lagoon area should be less than 10 acres (4 ha) to
minimize short-circuiting caused by wind action. Recirculation
may be used to increase oxygenation capacity and seed influent
sewage with algae cells. Recirculation ratios are 0.2 to 2.0 and
average 0.5. See Figure 23 for alternative lagoon flow
schematics.

) Performance. Performance criteria for aerobic
lagoons are similar to those for facultative lagoons except algae
concentrations are higher (100 to 200 mg/L for aerobic lagoons).
Aerobic lagoons should be preceded by primary treatment for
removal of settleable organic solids. |If the system iIs not
preceded by primary treatment, influent nondegradable solids will
gradually fill the lagoon.

7.6 Anaerobic Lagoon Design. Anaerobic lagoons are deep
lagoons that receive high-strength biodegradable organic wastes
such that anaerobic conditions prevail throughout the lagoon
depth. This lagoon type is used primarily to pretreat industrial
wastes and i1s generally not applicable to wastewaters generated
at military facilities. For design guidance, see
EPA-625/1-83-015.

7.7 Lagoon Sealing. Lagoons are sealed to minimize seepage
and the resulting adverse effect on groundwater quality and
treatment performance. Pond sealers are classified into three
categories: synthetic and rubber liners, earthen and cement
liners, and natural and chemical treatment sealers. Natural
sealing occurs because soil pores become physically clogged by
settled solids, pores become chemically clogged by i1on exchange
and precipitation, and pores become biologically clogged by
microbral growth. Natural sealing depends on wastewater
characteristics and should not be relied on for satisfying design
seepage criteria. Chemical treatment sealers change the nature
of the bottom soil.

Contact the state regulatory agency for design seepage
rate and groundwater monitoring requirements at the lagoon site.
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Also consult EPA’s Municipal Wastewater Lagoon Study: Report to
Congress for discussion and design guidance on minimizing seepage
to groundwater. Typical design seepage rate is 10° cm/second
(0.021 gpd/sq ft [0.86 Lpd/sg m]) for domestic wastewater
lagoons. [Industrial waste iImpoundments may require lower seepage
rates or a double liner for redundancy.

7.7.1 Bentonite Admixtures. Bentonite is a sodium-type
montmorillonite clay that exhibits a degree of swelling,
imperviousness, and low stability iIn the presence of water.

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

a) Organic polyelectrolytes can be mixed with
bentonite and soil to decrease the permeability of the admixture.
Contact bentonite suppliers for further information and test
procedures.

b) The performance of bentonite linings i1s greatly
affected by the quality of the bentonite. Bentonite
characteristics that should be specified 1In preparation of
admixtures include sodium exchange capacity (SAR); percent of
silt, sand, and clay impurities; moisture content; particle size;
and gradation.

c) Determine the required amount of bentonite iIn the
bentonite-soil by using mixture based on field soil sampling and
laboratory tests by sealant suppliers. Use Figure 24 for
guidance only and for reviewing laboratory results.

7.7.2 Asphalt and Cement Linings. Asphalt linings may be
composed of asphalt or a prefabricated asphalt with or without
admixtures (bentonite or fiberglass). Soil cement sealant is
best when used with sandy, well-graded soil. Avoid using
bentonite and asphalt liners in areas with high weed growth.

7.7.3 Thin Membrane Liners. These liners include plastic and
elastomeric membranes and are best used for sites requiring
essentially zero permeability. For further information, see

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

EPA SW-870, Lining of Waste Impoundment and Disposal Facilities,
for a listing of membrane suppliers and details of construction.
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PERMEABILITY OF SOIL-BENTONITE MIXTURE (cm/sec)

WELL-GRADED
COARSE GRADATIONS
(30-70% + 20 SIEVE)
WITH 10 TO 25

NONPLASTIC FINES

POORLY GRADED

SILTY SAND WITH
30TO 50
NONPLASTIC FINES

10-8

CLAYEY SILTY SAND J
WITH 30 TO 50% FINES

1079 !
] 1 2 3 4

PERCENT BENTONITE BY DRY WEIGHT OF SOIL-BENTONITE MIXTURE

Figure 24
Relationship Between Permeability and Quantity
of Bentonite in Soil Mixing

127




MIL-HDBK-1005/16

Section 8: CHEMICAL STORAGE AND HANDLING CONSIDERATIONS

8.1 Information and Resources. Process chemicals used iIn
wastewater treatment vary greatly i1n their specific requirements
for safe storage and handling. WEF MOP 8 provides guidance on
designing dry and liquid feed systems for wastewater treatment
applications. WEF MOP FD-10 provides guidance for the safe
storage, handling, and feeding of chlorine disinfection chemicals
including gaseous chlorine and hypochlorite. Several industrial
associations, including the Chlorine Institute, the National Lime
Association, the Chemical Manufacturing Association (CMA), and
the National Fire Protection Association (NFPA) provide
information for designers. In addition, chemical manufacturers
will supply handbooks and material safety data sheets (MSDSs) for
specific process chemicals upon request. Table 14 provides basic
reference information about various chemicals, including their
common names, formulas, and most common uses. It also covers the
forms and containers in which they are obtained and general
characteristics of the chemicals. Table 15 presents information
about feeding these chemicals, Including the best form for
feeding, the amount of water needed for continuous dissolving,
types of feeders, and equipment and handling materials. However,
new information about existing materials i1s continually emerging
and new materials are continually becoming available. When
possible, the treatment plant designer should seek manufacturers’
recommendations for up-to-date materials and handling practices.
Any hazardous chemicals used on a project should be reported to
the installation’s environmental office.

8.2 Designer’s Checklists. Designers should consider a
number of handling, storage, equipment, and safety issues when
designing wastewater treatment systems for military facilities.
The following paragraphs list these considerations.

8.2.1 Chemical Handling Checklist. A well designed handling
area should include the following elements:

a) Easily accessible, clearly marked, well lighted
unloading stations

b) Guard posts to protect equipment and storage tanks
from vehicle damage
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C) A roofed platform or dock for unloading
containerized chemicals

d) Mechanical devices to aid unloading and
transporting chemicals to storage areas

e) Separate receiving and storage areas for chemicals
that react violently when mixed together

) Unique pipe configuration and valving for each
chemical storage tank on site to prevent the wrong chemical from
being loaded iInto a tank

9) Dust control equipment for dry bulk and
bagged chemicals

h) Protection of concrete against corrosive chemicals

1) Washdown and cleanup facilities for all chemical
handling areas and separate drainage systems for noncompatible
chemicals

J) A bulk tank level control system with a high-level
alarm audible at the truck unloading station

8.2.2 Chemical Storage Checklist. Proper storage of
chemicals 1s an iImportant element In treatment facility design.
Designers should take the following steps to ensure that adequate
storage facilities exist at each treatment facility.

8.2.2.1 Storage for All Chemicals

a) Provide adequate storage for peak demands.

b) Label chemical storage areas.

C) Determine compatibility of all chemicals stored.

d) Store incompatible chemicals separately.

e) Follow the chemical manufacturer’s recommendations
with regard to material compatibility and selection of system

components iIn direct chemical contact.

) Comply with all applicable codes and regulations.
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9) Locate light and ventilation switches outside
storage areas.
h) Provide automatic controls to actuate forced
ventilation and lighting when chemical storage rooms are

occupied.

1) Protect concrete and other exposed materials
against corrosive chemicals.

8.2.2.2 Storage for Dry or Containerized Chemicals

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

b) Provide adequate room to maneuver hand trucks,
pallet jacks, or fork lifts.

C) Locate the storage of dry chemicals at feed hopper
inlet level, 1f possible. Alternately, provide a platform
suitable for supporting a pallet of containers at the feed hopper
inlet level.

d) Post safe-load limits for floors and shelving.

8.2.2.3 Storage for Liquid Chemicals

a) Provide for containment of stored volume plus a
safety margin.

b) Provide for cleanup or reuse of spilled material.

C) Ensure that bulk containers have sufficient
capacity to hold the contents of one standard tank truck plus a
sufficient reserve supply between shipments.

d) Provide approved storage facilities for flammable
liquids.

e) Provide freeze protection for exposed piping,
valves, and bulk tanks.

8.2.2.4 Storage for Liquified Gas Cylinders

a) Provide for containment of leaking containers.
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b) Provide treatment systems for hazardous
gas release.

C) Provide cool, dry, well ventilated storage rooms
of noncombustible construction.

d) Avoid proximity to heat sources; walkways;
elevators; stairways; and heating, ventilating, and air-
conditioning (HVAC) intakes.

e) Provide restraints on gas cylinders.

8.2.3 Feed Equipment Checklist. Equipment considerations for
designers include the following:

a) Follow the chemical manufacturer’s recommendations
with regard to material compatibility and selection of system
components iIn direct chemical contact.

b) Equip pumps and equipment that handle corrosive
solutions with spray or splash guards to protect personnel
working in the area.

8.2.4 Safety Checklist. Take precautions to ensure adequate
safety by providing the following features in treatment facility
design:

a) Continuous toxic gas monitors with alarms

b) Explosive gas monitors and alarms, ventilation
equipment, and other safety devices for flammables such as
special grounding measures, flame and spark arresters, etc. to
ensure a non-explosive environment is maintained and potential
ignition sources are eliminated

C) Pressure demand self-contained breathing apparatus
(SCBA) for emergency gas release situations

d) Emergency deluge shower and eyewash facilities
located where easily accessible to those in need

e) Adequate ventilation

) Personal protective apparel such as gloves,
goggles, face shields, aprons, and dust masks
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9) Non-slip flooring in polymer storage and
handling areas

h) Facility designs that eliminate the need to reach
beyond safe limits

1) Facility designs that minimize the need for
manual lifting

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

8.3 Codes and Regulations. Governments at all levels
establish codes and regulations that provide the designer with
minimum requirements and guidance. The Occupational Safety and
Health Act of 1970 and i1ts subsequent amendments i1s probably the
most significant Federal statute affecting design of chemical
handling and storage facilities. However, there are other
applicable regulations, and keeping up with them is a challenge.
Today, computerized services that summarize building codes by
categories (for example, life safety and fire prevention) are
available. However, the treatment plant designer must
determine which codes apply to wastewater treatment plants.

For installations iIn foreign countries, consult the Final
Governing Standards (FGS) for the country in which the facility
will be located.
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Section 9: EFFLUENT DISPOSAL/RECLAMATION

9.1 Introduction. Two primary means of effluent disposal
and reclamation are surface water discharge and land application.
Rapidly growing technologies for disposal and reuse include
groundwater recharge and aquifer storage and recovery.

WEF MOP 8, Chapter 20, covers the applicability, pretreatment,
methodology, design, and regulatory issues involved with land
application. This handbook covers the design of surface water
discharge outfalls and discusses the emerging groundwater
recharge and aquifer storage and recovery technologies.

9.2 Surface Water Discharge Outfalls. Permit compliance
can be facilitated by the judicious selection and design of a
surface water outfall. Often the receiving water i1s already
dictated by the location of the FOTW or existing facilities. In
some cases, the outfall can be relocated or modified to improve
the ability of the FOTW to remain in permit compliance without
major treatment process changes. This section reviews some
general i1ssues to consider about surface water outfalls.
Additional design references include Mixing in Inland and Coastal
Waters, Fischer et al., 1979, and Wastewater Engineering:
Treatment, Disposal, and Reuse, Metcalt & Eddy, 1991.

9.2.1 Outfall Location. A surface water discharge cannot
impair the receiving water quality below the state’s water
quality standard. This i1s typically determined through a waste
load allocation study. This study evaluates the assimilative
capacity of the water body. Receiving waters with little
flushing, like lakes, or which are dominated by effluent, like
small creeks, are only used as a last alternative. |If a larger
water body with more dilution capability is nearby, then it may
be necessary to pipe the FOTW effluent to this larger water.
Note that new open ocean outfalls In the Atlantic Ocean and Gulf
of Mexico are highly discouraged by EPA. After the general
location of the outfall in the receiving water has been
determined, then more specific design details are evaluated.

9.2.2 Outfall Configuration. The configuration of the
outfall pipe 1tselt can sometimes be changed to improve permit
compliance. For example, 1t the waste load allocation determines
that the effluent 1s causing dissolved oxygen depletion, a
cascading structure along a stream bank can be used to satisfy
some of the effluent’s oxygen demand. However, often the outfall
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iIs submerged and away from shore. |If a pipe has a simple open
end, then better mixing can be attained by installing a diffuser
that induces jet flow from one or more ports. The permit should
include the dilution or mixing effect to help the FOTW to achieve
compliance. For a new discharge, these same issues may arise.
The regulatory agency will often have a major role In requiring
the level of dispersion and mixing necessary to reduce the
potential environmental effects.

9.2.3 Sizing/Capacity. The design of the outfall should be
conducted for peak hour flow at the maximum anticipated stage of
the receiving water. |If the receiving water is tidal, then both
high and low conditions should be evaluated. The outfall
pipeline size should follow typical pipeline design guides for
these types of structures. |If a diffuser is installed, then
special mixing models are used to select the port sizes and
spacing. While pipelines typically have flows of less than 10
fps (3 m/s), diffuser ports require velocities greater than 10
fps (3 m/s) to achieve jet mixing. The ports on diffusers should
be directed slightly upward so flow does not impinge on the water
body bottom. Port sizes should be 2 inches (5 cm) In diameter or
greater to ensure that the ports will not be clogged by scaling
or barnacles.

Pipes can be made of various materials, but most
outfalls constructed today use either ductile 1ron or plastic.
Corrosion protection should be considered i1if applicable (see
Section 12). High-density polyethylene (HDPE) pipe is often used
for submerged outfalls that are buried (see par. 9.2.5). Note
that HDPE is specified by i1ts outer diameter, while other types
of plastic or iron pipe are specified by their inner diameter.

9.2.4 Outfall Depth. Most outfalls are submerged to avoid
visibility and iInterference with water body usage. Outfalls are
located away from the shoreline to minimize contact with shallow
water benthic organisms and to provide better mixing, as long as
they do not interfere with dredged navigation channels. The
deeper the outfall, the better the mixing. Outfalls need to be
at least 8 feet (2.4 m) deep to provide mixing opportunity.
Consider extending the pipeline to deeper water iIf an existing
outfall 1s iIn shallow water, Is having permit compliance issues,
and could be extended. Shallow outfalls do not need to be
modified 1f the regulatory authorities do not require it.

9.2.5 Outfall Protection. Outfall pipelines should be
anchored i1n place 1n the receiving water to prevent movement.
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Anchoring is often accomplished by burying the pipeline and using
a 90-degree elbow at the end to surface the outfall. Multiport
outfalls may have risers along the pipeline extending above the
buried pipeline. Piers can be used to support the outfall for
some of the distance from shore, but the pipeline extending
beyond the pier (to avoid public contact) needs anchoring.
Sometimes pipes have collar-type concrete weights that can be
partially submerged with jets to anchor the pipeline. Sometimes
rip-rap is used to stabilize and provide ballast for the pipeline
sitting on the bottom grade. Abovegrade pipelines can experience
sedimentation and scour forces which need to be considered by the
designer.

Address COE requirements and state ownership of the
water body during design. |If the pipeline i1s too shallow, i1t can
interfere with boat traffic. Some regulatory agencies will allow
a shallow outfall 1f 1t 1s marked with lighted warning buoys or
by other means. The transition zones near the shoreline will
need special consideration during design and construction, since
these are often the most environmentally sensitive and publicly
visible areas.

9.3 Groundwater Recharge. Groundwater recharge can be
accomplished by the use of Infiltration basins or through
underground injection wells.

9.3.1 Infiltration Basins. Artificial recharge of
groundwater can be achieved with infiltration basins i1f soils are
permeable, a sufficient portion of the aquifer iIs unsaturated,
and the aquifer is unconfined.

9.3.1.1 Applications Guidance. Design and management of
infiltration basins should be adapted to local conditions of
water quality, climate, soil, hydrogeology, and environmental
constraints. Aspects to be considered include water depth (in
reference to possible increase i1n infiltration rates), length of
flooding and drying periods, frequency of cleaning basins, and
pre-sedimentation. Also, a selection between basins with
stagnant water (where fine materials are able to settle) or
basins with flowing water (where fine materials are kept
suspended because of turbulence) should be made. Chemical and
biological water quality parameters of the effluent water need to
be considered. Also consider changes in water quality as the
water moves through the vadose zone and aquifer, and potential
leaching of trace elements from the vadose zone. A groundwater
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monitoring program may be required based on Federal or state
regulations and depending on the quality of the effluent
discharged to the basins. Proximity of public drinking water
wells may also affect the groundwater monitoring requirements.
Refer to Artificial Recharge of Groundwater, A.l. Johnson and
Donald J. Finlayson, eds., 1988.

9.3.1.2 General Design Guidance. Infiltration systems for
artificial recharge of groundwater should consist of a number of
basins, In cases where hydraulic loading rates need to be
maximized. Depending on topography, such basins can have a
surface area of 0.25 to 25 acres (0.10 to 10 hectares) or more.
Each basin requires its own water supply and drainage so that it
can be flooded, dried, and cleaned according to the best schedule
for that basin. Basins should not be placed iIn series so that
the outflow from one basin is the inflow for the lower basin
because 1In such systems the basins cannot be dried and cleaned
individually. Design the overall system to allow any basin to be
taken out of service for a sufficient drying period. The first
few basins are sometimes designed to be used as pre-sedimentation
basins. Some basins, particularly deep or low infiltration
basins, should be designed with separate drainage systems, which
allow quick de-watering for drying and cleaning. Construct
basins with horizontal or well-graded bottoms to prevent low
places where water can stand for long periods and interfere with
infiltration recovery and cleaning operations.

In cases where groundwater mounds could rise above the
bottom of the infiltration facilities, the basins should be laid
out to minimize the 1nundated area. Groundwater flow modeling,
using readily available models such as MODFLOW, may be required
to evaluate potential mounding effects during the design. The
basins should be small or long and narrow. Adjacent basins
should not be flooded at the same time. Refer to EPA 625/1-81-
0l13a, Process Design Manual for Land Treatment of Municipal
Wastewater, Supplement on Rapid Infiltration and Overland Flow.

9.3.2 Injection Wells. Many successful injection well
systems, which inject moderately to highly treated wastewater,
have been constructed across the United States. Many of these
systems are located in California, Texas, and Florida. Injection
wells are characterized under five general categories (Class I,
I, 111, 1V, or V) based on the type of waste stream, well
design, use of well, and hydrogeologic characteristics at the
injection site. Florida’s injection well classifications, which
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are modeled after the Federal classifications, are presented iIn
Table 16. Refer to Groundwater Recharge Using Waters of Impaired
Quality, National Research Council, 1994.

9.3.2.1 Applications Guidance. Recharge wells are potentially
applicable In areas where surface soils are not available, land
iIs too costly, wastewater flows are excessive, wastewater quality
i1s unacceptable for infiltration basins, drinking water wells are
in close proximity to wastewater treatment facilities, or vadose
zones have restricting layers or undesirable chemicals that could
leach out. For these conditions, among others, injection wells
are an option. Domestic and industrial wastewater injection
wells typically recharge brackish to saline water aquifers or
aquifers of otherwise poor water quality. The injection wells
may also be used to develop a barrier to saltwater intrusion in
coastal areas using highly treated wastewater. Wastewater to be
used for underground injection undergoes various levels of
pretreatment, up to and including advanced wastewater treatment
processes. The iInteraction between the iInjection water and the
native groundwater, including a full characterization of each,
should be well understood. This characterization is typically
based on Federal (and often state) drinking water standards.

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

a) Well completion details, including type of casing
material on well and screen, i1If used (e.g., carbon steel,
stainless steel, polyvinylchloride [PVC], etc.), approximate
casing setting depths, casing diameters (generally designed for
fluid velocities of 8 fps [2.4 m/s] or less), necessity of tubing
and packer, and whether well i1s screened or open borehole.

b) Pump station design.

C) Wellhead piping and appurtenances (including flow
and pressure monitoring equipment).

d) A hydrogeologic drilling and testing program to
collect and analyze aquifer data (e.g., packer testing, coring,
specific capacity testing, geophysical logging program, and water
quality sampling).
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Table 16
Classifications of Injection Wells

Class

Description

1.

Wells used by generators of hazardous wastes or
owners or operators of hazardous waste management
facilities to inject hazardous waste beneath the
lowermost formation containing, within one-quarter
mile of the well bore, an underground source of
drinking water.

Other i1ndustrial and municipal (publicly or
privately owned) disposal wells which inject fluids
beneath the lowermost formation containing, within
one-quarter mile of the well bore, an underground
source of drinking water.

Wells that inject fluids:

1.

That are brought to the surface in connection with
conventional oil or natural gas production and may
be commingled with wastewaters from gas plants
which are an integral part of production
operations, unless those waters are classified as a
hazardous waste at the time of iInjection.

For enhanced recovery of oil or natural gas.

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

Wells that inject for extraction of minerals,

1.

2.

including:
Mining of sulfur by the Frasch process.

Solution mining of minerals.

(Note: Solution mining of minerals includes sodium
chloride, potash, phosphate, copper, uranium,

and any other mineral that can be mined by this
process.)
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Table 16 (Continued)
Classifications of Injection Wells

Class

Description

(AY

Wells used by generators of hazardous wastes or of
radioactive wastes, by owners or operators of hazardous
waste management facilities, or by owners or operators
of radioactive waste disposal sites to dispose of
hazardous wastes or radioactive wastes into or above a
formation which, within one-quarter mile of the well,
contains either an underground source of drinking water
or an exempted aquifer.

(Note: These types of injection wells are banned
nationwide.)

Injection wells not included in Class I, 11, 111,
or 1V.

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

Group 1 a. Air-conditioning return flow wells used
to return to any aquifer the water used
for heating or cooling. An air-
conditioning supply well, heat pump, and
return flow well used to inject water
containing no additives into the same
permeable zone from which 1t was
withdrawn constitute a closed-l1oop
system.

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

Group 2 a. Recharge wells used to replenish,
augment, or store water in an aquifer.

b. Saltwater intrusion barrier wells used to
inject water into a freshwater aquifer to
prevent the intrusion of saltwater into
the freshwater.
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Table 16 (Continued)

Classifications of Injection Wells

Class

Description

Group 3

Group 4

C.

Subsidence control wells (not used for
the purpose of oil or natural gas pro-
duction) used to inject fluids Into a
zone that does not produce oil or gas to
reduce or eliminate subsidence associated
with the overdraft of fresh water.

Connector wells used to connect two
aquifers to allow interchange of water
between those aquifers.

Wells that are part of domestic waste
treatment systems.

Swimming pool drainage wells.

Devices receiving wastes, which have an
open bottom and sometimes have perforated
sides. This rule does not apply to
single-family residential waste disposal
systems.

Wells used to inject spent brine iInto the
same formation from which 1t was with-
drawn after extraction of halogens or
their salts.

Injection wells used in experimental
technologies.
Dry wells used to inject wastes Into a

subsurface formation.

Sand backfill wells used to iInject a
mixture of water and sand, tailings, or
other solids into mined-out portions of
subsurface mines.

Wells other than Class 1V used to iInject
radioactive waste, provided the con-
centrations of the waste do not exceed
drinking water standards contained iIn
Chapter 62-550, F.A.C.
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Table 16 (Continued)
Classifications of Injection Wells

Class Description

Vv d. Injection wells used for In situ
recovery of phosphate, uraniferous
sandstone, clay, sand, and other
minerals extracted by the borehole
slurry mining method.

Group 5 a. Drainage wells used to drain surface
fluid, primarily storm runoff or lake
level (by gravity flow) iInto a
subsurface formation.

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

b. Other wells.

e) Classification and permitting requirements of
injection well (which will likely require a complete
characterization of the wastewater to determine which aquifer
systems are acceptable for underground injection).

) A groundwater monitoring program (if applicable)
to demonstrate compliance with Federal Underground Injection
Control (UIC) rules. This program may include several monitoring
wells completed to various depths, designed to monitor possible
migration of the Injected fluids).

9) Additional design considerations, including high
well level alarms, continuous head monitoring, downhole flow
metering per individual well, and potential groundwater
geochemical interactions.

9.3.2.3 Design Details Determined During Installation. Several
final design details 