STATE OF KANSAS

DEPARTMENT OF HEALTH and ENVIRONMENT

MINIMUNM STANDARDS OF DESIGN
FOR
WATER POLLUTION CONTROL FACILITIES

1000 SW Jackson, Suite 420
Topeka, KS 66612-1367
785/296-5500



FOREWORD

This document is the second version of the “Minimum-Standards of Design
for Water'Pollution Control Facilities". The revisions to the document
have been made in response to the considerable input received during the
first two years of the document's use, the changing nature of wastewater

technology, and the errors and oversights of the original document.

As with the original "Minimum Standards", this document is developed pur-
suant to K.S.A. 65-171h wherein the Kansas Department of Health and
Fnvironment is authorized to develop, assemble, compile, approve, and
publish minimum standards of design for design and construction of sewage

systems.

The standards in general indicate required minimum and maximum design
requirements. The standards have been based on generally accépted
engineering practices, textbooks and 1ite;ature in the wastewater field,
and the experience of Bureau of Water Quality staff. In many cases,

the requirements in this document may be waived upon presentation of
sufficient justification for such deviation by the design engineer or
system owner. This document is not inﬁended to restrict development

or innovative ideas or to hinder the use of new products.

As with the previous document, the current document will be subject to
periodic revision. It is antidipated that revisions will be kept
relatively current, and that the revisions will be made on a chapter
by chapter basis, with mailings to those persons or companies on the

mailing list.

(1978)
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I. FACILITIES PLAN

A.

Introduction

1.

The facilities plan is a comprehensive engineering report in
which all controlling factual information, design factors, and
assumptions are examined and recorded.

Within the scope of the facilities plan, the engineer should °
assemble all basic information necessary for the design of the
treatment works. Treatment works shall be defined as follows:
"the collection system and/or the facility or group of units
provided for the transportation and treatment of domestic, com-
mercial, or industrial wastewater".

Where Required

1. A facilities plan shall be prepared for all new wastewater treat-
ment works and all major modifications to existing wastewater
treatment works. Sewer extensions. shall be excluded.

Purpose

1. The purpose of the facilities plan is to present the findings of

the engineer in a precise fashion with enough attention given to
detail so as to allow adequate review of the project by the owner
and applicable regulatory agencies. The plan will allow the
review of the alternatives from the viewpoints of function,

_operation, economics, reliability, safety, and efficiency.

Relation to Water Quality Management Plans

1. The completed facilities plan shall be in conformance with ap-
proved water quality criteria and basin management plans.

2. Projects developed within metropolitan planning areas shall be in
conformance with section 208, Public Law 92-500 planning require-
ments.

Regionalization

1. Regionalization of water pollution control systems shall be

practiced when technically feasible and cost effective. New
subdivisions, mobile home parks, industries, and other develop-
ments shall utilize existing water pollution control facilities
wherever and whenever possible. Regionalization considerations
should reflect the items mentioned-above where applicable. The
facilities plan shall contain the information specified in section
G.1l.c. of this chapter.
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F. Environmental Compatibility

1.

The alternatives examined in the facilities plan must be evalu-
ated in terms of net environmental effect. Care should be taken
that pollutants addressed are germane to the local water quality
problem and that abatement practices utilized do not shift an
environmental problem in one area to another area.

Water pollution control facilities should, to the maximum degree
feasible, be made compatible with the immediate physical setting
of the plant site.

Efforts shall be taken to preserve natural beauty, wildlife,
recreational areas, historic sites, and private property.

G. Contents of the Facilities Plan

1.

As a minimum, the facilities plan shall include:

‘a.

The existing population or waste load and the projected
population(s) or waste load(s) for the established design
life and/or phases of the project. Industrial waste load
input to municipal systems should be addressed in detail.
The normally accepted design life is 20 years. Existing and
design year land use patterns should be estimated and dis-
cussed in relation to the project. Existing land zoning and
planning requirements should also be ascertained and dis-
cussed.

A detailed description of the location, including maps, of
the project with regard to adjacent habitatiom, property
lines, elevations, and topographic features within one-half
mile of the proposed site(s).

The location and a general description of all municipal,
commercial, industrial, or agricultural treatment facili-
ties, subdivisions, septic tank areas, or other wastewater
sources within a two mile radius of the existing or proposed
treatment facility shall be included in the facilities plan.

A description of the receiving watercourse, flood elevation
(new facilities - 100 year frequency; existing facilities -
50 year frequency), and the expected impact on the existing
water quality. The location, within one-half mile of the
proposed site, and type of the nearest water supply(s),
(wells or surface supply), if any, should be noted. The
engineer should also determine if the Division of Water
Resources, Kansas Department of Agriculture or the U.S. Army
Corps of Engineer's regulatory requirements are applicable
to the project site.

A description of the existing treatment works including
individual unit design capacities and physical condition.
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A detailed description of each alternative being considered.
The description should include to the extent appropriate
information such as service area, schematic flow diagrams,
unit processes, unit sizing, preliminary design parameters,
soils information*, etc. This information shall also be
supplied for the alternative selected for eventual con-

struction.

*If the project involves lagoon structures and treat-
ment processes, a detailed soils investigation of the
proposed site(s) will be addressed in the plan or prior
to design. (See the chapter entitled "Soils" for detail-
ed soils considerations requirements). ‘

1. One of the altermatives addressed should be an evalu-
ation of improved effluent quality attainable by up-
grading the operation, maintenance and efficiency of
existing facilities.

2. Each alternative should be evaluated for its capability
to meet applicable effluent limitations and water
quality standards. The treatment works design must be
based upon not less than secondary treatment as defined
by the U.S. Environmental Protection Agency or BPWIT
for industrial situations. Where application of secondary
treatment or BPWIT would not meet State water quality
standards, the facilities plan shall provide for attain-
ing such standards. Such provision shall consider
treating combined sewer overflows as an altermative
means of meeting water quality standards.

The quantity, quality, and ultimate disposal of the expected
wastewater sludges should be addressed.

Existing public wastewater facilities shall be sampled and
have adequate flow measurment data. The following minimum
information shall be -provided:

1. Two (2) 24-hour composite samples with composite in-
tervals no longer than three (3) hours.

2. Where wastewater strength and/or flow is subject to
rapid variations, a minimum of 24 consecutive grab
samples taken at one hour intervals shall be examined
and analyzed. An automatic sequential sampler is
recommended.

BOD., Total Suspended Solids, pH, and temperature
anaiyses will be provided as a minimum.

4. Projects concerning industrial and/or commercial fa-
cilities will provide adequate sample and analysis data
to sufficiently characterize the wastewater in question,
and to determine possible treatment alternatives.
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5. Flow measurement data, water use data, or other infor-

mation concerning wastewater volume and frequency of
flow should be provided in sufficient detail to allow
establishment of design flow. As a minimum, two (2)
weeks of continuously recorded flow measurement must be
provided in appropriate locations for facilities in-
volving existing sewer systems to provide a basis for
design and to quantify infiltration and inflow. In
larger systems, consideration must be given to flow
measurement of sewer subsystems.

6. Per capita design wastewater flows as low as 75 gallons
per capita per day may be utilized. Per capita design
wastewater flows as low as 60 gallons per capita per
day may be utilized if sufficient data is submitted to
justify the design flow. Approval will not be given to
per capita design wastewater flows of less than 60
gallons per capita per day. This requirement does not
apply to industries, highway rest stops, recreational
facilities, and other similar locations with unique
wastewater production patterns. If the design for the
water pollution control facility is hydraulically
dependent, as in the case of non-overflowing lagoons,
great care should be taken in the selection of flow
criteria. Infiltration and inflow in nonexcessive
quantities shall be accounted for in the selection of
all per capita flow estimates.

The choice of the treatment works on which construction
drawings and specifications are to be based should, in most
instances, represent the most economically feasible altern-
ative. An economic analysis shall be included in the facili-
ties plan and shall address capital costs, projected oper-
ation and maintenance costs, energy costs, salvage values,
and projected total annual costs for each alternative under
review. Non-monetary considerations should be discussed if
they will affect the choice or implementation of treatment
alternatives.

Projects for existing facilities shall thoroughly address
the impacts of infiltration/inflow on the collection system.
Projects for existing facilities shall include the following
information as a minimum:

1. Description of existing wastewater treatment works.

2. Flow measurement data - minimum, average, peak (wet
weather, dry weather).

3. Description of any overflow or bypass location(s).
4. A comparison of flows, effect on the treatment plant

and supporting facilities, and proposed treatment of
excess flows or flow reduction measures.
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Infiltration/inflow information will be required for major
treatment plant additions or modifications and lift statioms
serving large drainage basins.

k. Waste reduction measures should be discussed in the planm,
and should address a minimum of the following:

1. Projects concerning public wastewater treatment systems
should address flow and/or strength reduction of waste-
waters from industrial or commercial sources where
applicable. The use of pre-treatment facilities should
be considered along with in-plant process changes,
reuse, and reclamation practices.

2. Industrial and commercial facilities should address
- in-house water conservation and reuse potential in all
process and cooling water systems as well as infil-
tration/inflow in the collection system.

1. An identification of effluent discharge limitations for ex-
isting treatment works as delineated by applicable Natiomal
Pollutant Discharge Elimination System permits. '

m. A brief statement demonstrating that the authorities which
will be implementing the plan have the necessary legal,
financial, institutional, and managerial resources available
to insure the construction, operation, and maintenance of
the proposed treatment works. '

n. A brief statement delineating the scope and division of
authority when a project is a joint effort between private
and/or governmental authorities.

o. A copy of the municipal wastewater ordinance applicable to
the project if any.

H. Federal Grant Projects

1.

Facilities plans subject to Federal grant funding will meet the
content and format requirements as specified by appropriate
Federal Regulations and Guidelines as published by the U.S.
Environmental Protection Agency, as well as the previously listed
items in this section. ’

The design engineer should obtain 40 CFR 35 "Construction Grants
for Waste Treatment Works" to serve as a basic document.

The following Environmental Protection Agency publications are
suggested as source material for development of a facilities
plan:

a. Guidance for Preparing a Facility Plan

b. Model Facility Plan for a Small Community
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c. - Handbook for Sewer System Evaluation and Rehabilitation

d. A Guide to the Selection of Cost-Effective Wastewater
Treatment Systems

e. Design Criteria for Mechanical, Electric, and Fluid System
and Component Reliability ‘

f. Evaluation of Land Application Systems

g. Pre-treatment of Polluténts Introduced into Publicly Owned
Treatment Works

h. Operation and Maintenance of Wastewater Treatment Facilities

3. The design engineer should confer with the Environmental Pro-
tection Agency for copies of the above publications and any
revisions issued since the date of original publication.

Professional Engineer's Seal

Facilities plans submitted to the Water Pollution Control Section,
Bureau of Water Quality must bear the stamp of a registered pro-
fessional engineer licensed to practice in the State of Kamsas.
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PRE-DESIGN CONFERENCE

A.

Prior to initiation of final design, it is recommended that the design
engineer shall schedule a pre-design cenference with appropriate staff
of the Water Pollution Control Section, Bureau of Water Quality. The
scope of this conference will be determined upon consultation between
the design engineer and Water Pollution Control Section, Bureau of
Water Quality staff.

For Federal grant projects, the conference should be scheduled at the
earliest possible date following necessary State and Federal approvals
of the project facilities plan. Non-grant projects may combine dis-
cussions on the facilities plan and pre-design topics.

The purpose of the pre-design conference will be to familiarize the
design engineer with regulatory review procedures, requirements, as
well as applicable State and Federal Statutes pertaining to the pro-
ject. Discussion of potential problem areas and possible solutions
will be included. '

The following items are suggested as topics for discussion during the
pre-design conference. The design engineer should bring all necessary
materials pertinent to these areas of discussion. This material
should include any site information, sketches, preliminary drawings
and calculations which would aid in resolving problems or questions.

1. Site Conditions
a. Soil conditions and testing
b. Groundwater conditions
c. Location of site with respect to habitation
d. Present conditions at the site
e. Procedure for State site inspection
f. Existing plant processes, configurations, etc.
2. Design Parameters
a. Hydraulic
b. Organic
c. Structural
d. Electrical
3. Configuration

4. Design Policy

5. Submission and Review of Plans and Specificationmns
a. Number of sets
b. Review procedures

c. Projected date for submittal
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Miscellaneous

a. Emergency power

b. Alarm or protection systems
c. Laboratories .

d. Inspection requirements

Federal Grant Projects

. Step III application

. Specification assurances

Projected date for submittal

Extra plan and specification requirements

LN o
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III. PLAN AND SPECIFICATION PRESENTATION

A Planmns

1.

Plans for 1nterceptor sewers, outfall sewers, lift stations, new
collector systems, sewer extentions, or any combination thereof
shall include:

a.

A general location map of the municipality, sewer district,
subdivision or development served by the proposed project,
showing all existing and proposed. streets and alleys to the
extent possible shall be provided.

The location and size of all sewer lines, manholes, clean-
outs, and other appurtenances shall be indicated. Pertinent
elevations shall be indicated on all appurtenances.

A detailed plan view, including all existing and proposed
streets, alleys, lots, utilities lines, adjacent structures
and easements, of each reach of the sewer line shall be
provided.

Profiles of all sewer lines with elevations of the sewer
inverts at all manholes, and the grade of the sewer line
between adjacent manholes shall be provided. Scales of
profiles must be clearly stated. The following scale is
suggested: vertical - 10 feet to 1 inch; horizontal -100
feet to 1 inch.

At all outfall structures where stream flow is involved, the
approximate elevation of the bottom of the stream shall be
shown as well as the approximate elevation of the low water
level, the high water level, and other topographic features
whlch might influence alignment or construction.

ngh water elevation shall be shown on profiles of sewers
subject to flooding.

If a pump station is proposed as part of the project and
overflows from the station could reach well developed areas
or recreational impoundments, all residences within 1/2 mile
of the proposed pump station that lie in a downstream drain-
age area and would be affected by a pump station overflow,
shall be indicated on a drainage map. Deviations from thlS
requirement will be considered on a case-by-case basis.

Plans for any wastewater treatment facility shall include:

a.

A general layout showing the proposed arrangement of treat-
ment units and areas for future expansion, existing facili-
ties, existing and proposed piping arrangements, embank-
ments, outfall sewer, outfall structure, receiving stream
with dlrectlon of flow any tributaries in the immediate
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vicinity, and topographic features of the site shall be
provided. ‘

Longitudinal and transverse sections for each process unit
should be indicated and labeled.

Details of each unit shall include, but are not limited to
inlet and outlet devices, baffles, valves, arrangements of
automatic control devices, aeration devices, scrapers, etc.

Schematic flow diagram(s) and hydraulic profile(s), for
wastewater, sludge and supernatant liquor flows shall be
provided on the plans.

All plans shall include:

a.

Each drawing shall have a legible title showing the subject
of the drawing, the name, location and owner of the proposed
project, the name and seal of the engineer, scale and date
of the drawing.

Location of underground utility lines paralleling (within 10
feet of either side) or intersecting with sewers shall be
shown on both the plan and the profile of sewer and treatment
plant plans. This only requires that the location of the
underground utility with respect to the sewer line be shown
in profile, and does not require profile views of portions

of the utility. Public and/or private water wells within

100 feet of sewer lines and 500 feet of treatment plant

sites shall be indicated on the plans.

Information on the ownership, lease and/or easement rights
(permanent and temporary) to the property to be used-as
project sites or routes, shall be shown on the layout (to
include both wastewater transportation and treatment plant
projects).

Flood elevations shall be presented where appropriate as
follows: New wastewater treatment facilities - 100. year
frequency flood; Modifications/additions to existing treat-
ment facilities - 50 year frequency flood; and Lift stations
(in areas subject to flooding) - 100 year frequency flood.
If this data is not available, information concerning the
highest known water level will be provided in the plams.

The location of all soil test holes, soil boring profiles,
rock elevations, and groundwater elevations should be indi-
cated. At the option of the design engineer, this infor-
mation may be included in the specifications.

Major design parameters shall be indicated on the plans.
This should include but is not limited to flow, BOD., total
suspended solids, detention times, weir rates, pump rates,
pump heads, oxygen transfer, etc. At the option of the
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design engineer, this information may be included on a
separate plan-sized sheet. This requirement does not apply
to sewer extensions.

g. All structures, appurtenances, section views, plan views,
etc. shall be adequately dimensioned.

h. On Federal grant projects, a minimum of 6 copies of plams
. and specifications shall be submitted for each project. For
non-grant projects, a minimum of 3 sets shall be submitted
for each project. '

B. Specifications

1. Specifications shall accompany all plans for new systems or
additions/modifications to existing systems. Where plans are for
extensions to sewer systems, the specifications may be omitted,
provided it is stated that the work is to be constructed under
specifications already on file at the Water Pollution Control
‘Section, Bureau of Water Quality central office. Specifications
on file must conform to this document, and be clearly reaffirmed
with each submission of plans. The specifications shall be
labeled with the name and location of the project as well as the
name of the owner and the design engineer. :

2. The specifications accompanying construction drawings shall
include, but are not limited to; all construction information not
shown on the drawings which is necessary to inform the contractor
in detail of the design requirements as to the quality, workman-
ship and fabrication of materials, and the type, size, strength,
operating characteristics and rating of equipment; allowable
infiltration; the complete requirements for all mechanical and
electrical equipment, including machinery, valves, piping, and
jointing of pipe; electrical apparatus, wiring, and meters;
laboratory fixtures and equipment; operating tools; construction
materials; special appurtenances; chemicals when used; instructions
for testing materials and equipment as necessary to meet design
standards; and operating tests for the completed works and com-
ponent units.

C. Revision to Plans and/or Specifications

Any deviations from approved plans or specifications affecting capaci-
ty, flow, effluent quality or operation of units shall be submitted by
change order or addendum and approved before such changes are made.

D. Design Calculations and Parameters

1. Pertinent design calculations shall be forwarded with the plams
and specifications. These calculations should include but are
not limited to those for: biological treatment, lift station
capacity and head, interceptor sizing, sludge volume(s), water
balance for nonoverflowing lagoon, etc.
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2. Major design parameters shall be indicated on the plans as indi-
cated previously (see section A.3.f. of this chapter).

Plan and Specification - Effective Period

If conmstruction of the proposed project has not taken place within two
years following the initial approval of plans and specifications by
the Water Pollution Control Section, Bureau of Water Quality, the
initial approval shall become void and new plans and specifications
shall be re-submitted for review and approval prior to initiating any
construction.

Record Plans

A complete copy of record plans, specifications, copies of addenda and
change orders shall be furnished to the owner in conjunction with the
Operation and Maintenance Manual. One copy of record plans shall be
furnished to the Water Pollution Control Section, Bureau of Water
Quality for microfilm purposes. This requirement does not apply to
sewer extensions.
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IV. GENERAL DESIGN CONSIDERATIONS FOR SEWAGE TREATMENT WORKS
A. Introduction

Review of plans and specifications by the Water Pollution Control
Section, Bureau of Water Quality will be limited to design calcu-
lations, functional design and pertinent environmental aspects.

Proper functioning of the treatment facility is the responsibility of
the design engineer.

B. Degree of Treatment

The Water Pollution Control Section, Bureau of Water Quality will
establish the degree of treatment for each waste water discharge.
Design engineers should obtain this information prior to preparation
of a facilities plan. The degree of treatment shall be equal to
secondary treatment as a minimum and shall be comnsistent with approprl-
ate State and Federal Regulationms.

C. Plant Location
1. General

A wastewater treatment plant site should be located as far as
practicable from any present developed residential area or any
area for which development is proposed within a reasonable future
period. The direction of the prevailing winds should be con-
sidered when selecting the plant site. If a critical site must

 be used, special consideration shall be given to the design and
type of plant provided. Plants should either be located at an
elevation which is not subject to flooding or be adequately
protected against flood damage. The plant shall be readily acces-
sible. The site should be of ample size to accommodate expansion
and/or the addition of facilities to increase the degree of
treatment for a planning period of at least 50 years.

2. Existing Development
All dwellings and business structures within 0.5 miles of a pro-
posed plant location should be shown in the facilities plan and
on the final plams.

3. New Developments
All potential house and business locations within 1,000 feet of a
new plant location, and the plat of the area to be served by the
system should be shown in the facilities plan and on the final
plans.

D. Separation Requirements

The following items will apply to the tables presented below:

1. Existing habitations may be served or unserved by the proposed
collection and/or treatment system.
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Proposed development may be served or unserved by the proposed
collection and/or treatment system and may consist of new sub-
divisions, platted land, adjacent platted property, etc.

Separation distances may include roadway or railway right-of-ways
as long as a minimum of 100 feet from property lines is observed.

Minimum Separation Distances

1.

Minimum separation requirements for facilities of 10-99 P.E. are
as listed (in feet) in the following table:

Existing Proposed Property

Plant Type Habitations Development Lines
Activated Sludge 500% 350 100
Trickling Filter 500+ 350 100
Aerobic Lagoon 500% 350 100
Anaerobic Lagoon 1000 1000 100
All other facilities 500% 350 100

Minimum separation requirements for facilities of 100 P.E. and
larger are as listed (in feet) in the following table:

Existing Proposed Property
Plant Type Habitations Development Lines
Activated Sludge 1000% . 350 100
Trickling Filter 1000% 350 100
Aerobic Lagoon 500% 350 100
Anaerobic Lagoon 1000 1000 100
All other facilities 1000*% 350 100

*This distance may be reduced to a minimum of 350 feet with the
written permission of the affected property owner having a habi-
tation less than 1000 feet from the proposed treatment works.
The written permission must be a notarized statement from the
affected property owner stating that there are no objections to
the establishment and construction of the treatment facility.
The statement shall not waive any future rights with respect to
future action on lack of proper operation and maintenance. A
copy of the notarized statement must be furnished to this office,
the property owner, and the owner of the treatment plant.

The above distances are required minimums. Requests for further
reductions or additions must be fully documented and will be
reviewed by Water Pollution Control Section, Bureau of Water
Quality staff. However, further reductions/additions will not be
approved on a routine basis.

Where an existing treatment plant has been established on a site
with fixed boundaries, modifications, and/or additions to the
plant should only be concerned with the 100 foot separation from
property lines.
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Fencing
All sewage treatment plant sites shall be adequately fenced to provide

for public safety, to prevent trespassing, preclude livestock entrance
and to minimize the entry of blowing material.

b

1. Access

A vehicle access gate of sufficient width to accommodate all
necessary transportation and mowing equipment shall be provided.
The gate shall be equipped with a suitable lock. ’

2. Height

All plants, except aerated or facultative waste stabilizaation
ponds, having any uncovered structures shall be enclosed with at
least a 6 foot, non-climable fence (minimum 60 inches with two
strands of barbed wire to 72 inches).

Aerated or facultative waste stabilization ponds should have at
least a 4 foot, hog-tight, woven wire fence (minimum 36 inches
with two strands of barbed wire to 48 inches).

3. Warning Signs

Appropriate signs should be provided along the fence around the
plant site to designate the nature of the facility and advise
against trespassing. '

Design Considerations
1. Selection of Treatment

Careful consideration should be given to the type of treatment.
A few of the important factors which should influence the selec-
tion of the type of treatment are: the effect of industrial
wastes likely to be encountered; operating costs; the probable
type of supervision and operation which the plant will receive,
and the required effluent quality.

Special consideration should be given to the feasibility of using
wastewater treatment by soil disposal (see the chapter entitled
"Land Application of Wastewater Effluent or Sludge"). The feasi-
bility of possible water reuse should also be examined.

2. New Processes, Methods and Equipment

The policy of the Water Pollution Control Section, Bureau of
Water Quality is to encourage rather than obstruct the development
of new methods or equipment for treatment of wastewater. Con-
sideration will be given to any new method or equipment when
adoption of these changes is justified by the designer. Pilot
scale test installations can be used as a basis for design of new
treatment methods. All pilot scale tests shall be conducted by a
competent sanitary engineer other than one employed by the manu-
facturer or developer. Samples shall be collected and analyzed

3
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to show efficiency under various ranges of influent sewage strength
and volume over a sufficient length of time to demonstrate oper-
ation under climatic conditions which may be encountered in the
area of the proposed installations. Automatic flow measuring and
sampling equipment is recommended for performing these tests.

Design Period

Wastewater treatment works shall be designed for not less than a
20 year period. Capability to accommodate further expansion
shall be provided. Phased construction will only be considered
on a case-by-case basis. The phasing of projects shall be con-
sistent with the applicable wastewater plan for the area or
region.

Industrial Wastes

Where it is technically and economically feasible, the Water
Pollution Control Section, Bureau of Water Quality encourages the
utilization of municipal wastewater treatment facilities to
collect and treat industrial wastewaters. Where appreciable
amounts of industrial wastes are involved, consideration shall be
given to the character and technical feasibility of treating such
wastes in the design of the plant.

Organic and Total Suspended Solids Loading

A population equivalent (P.E.) is defined as 0.17 pounds of BOD_/
capita/day and/or 0.21 pounds of TSS/capita/day. If monitoring
and other laboratory data are inadequate for the development of
per capita contributions, it is recommended that these values be
utilized. The above does not require the design engineer to use
these particular per capita contributions for design.

Hydraulic Loading

The design of treatment units is usually based on the average
rate of sewage flow per 24 hours. However, the flow from most
commercial and industrial developments usually varies in mag-
nitude much more than those observed for a municipality. There-
fore, the design flow rate for commercial and industrial contri-
butors should be based on actual flow measurement or on flow data
furnished by the industry.

a. Peak flows which adversely affect the detention time of
treatment units or the flow characteristics of conduits
shall be determined.

b. Hydraulic data obtained from existing similar installations
can be used for designing new systems; however, caution must
be exercised when using this approach.

c. A hydraulic profile of the wastewater treatment plant must
be developed and submitted with the design and is to include
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the outfall line and receiving stream high water elevations
(see chapter entitled "Plan and Specification Presentation").

Operation and Maintenance Manual

A complete operation and maintenance manual shall be provided by
the design engineer and submitted to the Water Pollutiom Control
Section, Bureau of Water Quality for each wastewater treatment
facility with a design capacity greater than 10 P.E., prior to
the beginning of the operation of the facility. The manual shall
be written in a manner easily understandable to the treatment
plant operator and should have two distinct sections: operation-
al section and maintenance section. The manual should cover the
National Pollutant Discharge Elimination System Permit or appli-
cable State of Kansas Permit outstanding for the facility and all
reporting requirements contained therein. The manual should
cover all details of the operation and maintenance of the waste-
water treatment facility and include valve or gate settings, pipe
diagrams, lubrication schedules, safety procedures, emergency
operation procedures, sludge disposal and other items of concern.

Operating Equipment

The design engineer should review existing equipment and facili-
ties utilized for maintenance. Equipment or additions necessary
to provide adequate maintenance should be delineated in the
specifications. Specific attention should be given to special-
ized tools or equipment necessary for equipment repair. A tool
list is required and should include items such as squeegees,
wrenches, valve keys, rakes, shovels, portable ventilation equip-
ment, and common hand tools.

G. Plant Details

1.

Conduits

All piping and channels should be designed to carry the maximum
expected flow. The incoming sewer should be designed to provide
a free water surface at the maximum expected discharge. In the
event a solids deposition problem in the channel is expected, the
bottom corners of rectangular channels should be filleted to
eliminate pockets and corners where solids can accumulate. Suit-
able sluice gates or slide gates should be placed in channels to
seal off unused sections which might accumulate solids. The use
of shear gates or stop planks in lieu of slide gates or sluice
gates is permitted where it can be shown they will give satis-
factory service.

Arrangement and Reliability of Units

Component parts of the plant should be arranged to provide for
the greatest possible operating convenience, flexibility, and
economy. Plant layout should be designed to facilitate installa-
tion of future units. When possible, at least two treatment
units of each type should be provided. The design should provide
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for undertaking maintenance or repair activity with a minimum
loss in treatment efficiency. For treatment facilities designed
for 10,000 P.E. or greater, it is recommended that duplicate '
units be provided.

Installation of Mechanical Equipment

The specifications should require initial inspection and opera-
tion of all major items of mechanical equipment by a representa-
tive of the manufacturer after installation. The representative

of the manufacturer shall prepare and submit to the Water Pollution
Control Section, Bureau of Water Quality a signed statement
indicating that acceptable installation and operating trials have
been conducted. This statement shall contain the dates of the
trials and the signature of the persons making and witnessing the
trials.

Controlled Diversion and Dewatering Headworks

Bypasses shall be provided so each unit of the plant can be in-
dependently removed from service. Provision is to be made so
that untreated raw sewage shall not be bypassed into the re-
ceiving stream.

Construction Materials and Paints

Materials used in sewage treatment works should be resistant to
deterioration from hydrogen sulfide and other corrosive gases,
greases, oils, and similar comstituents frequently present in
sewage. This is particularly important in the selection of
metals and paints. Contact between dissimilar metals should be
avoided to minimize galvanic actiomn.

Lead paints shall not be used. In order to facilitate identifi-
cation of piping, particularly in large plants, it is suggested
that different lines have contrasting colors. The following color
standards are recommended.

Raw Sludge Line Black

Sludge Recirculation Suction Line Yellow

Sludge Drawoff Line Orange

Sludge Recirculation Discharge Brown

Sludge Gas Line Red

Natural Gas Line Red W/Black Bands
Potable Water Line Light Blue

Water Heating Lines - Blue W/Red Bands
Nonpotable Cleanup Water Blue W/Black Bands
Sewage Line Gray

Compressed Air Line Green

Chlorine Line Yellow W/Green Bands

Grading and Landscaping

Upon completion of plant construction, the ground shall be graded,
seeded and/or sodded. Concrete, asphalt, or gravel walkways
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should be provided for access to all units. Walkways are not
required for waste stabilization ponds.

Where possible, steep slopes should be avoided. Surface water
shall not be permitted to drain into any unit. It is recommended
that the slope of earth fills around structures be no steeper
than 3.5 horizontal to 1 vertical. Provisions should be made for
landscaping, particularly when a plant is located close to resi-
dential areas. Where grass cover is necessary, accessibility to
water via yard hydrants is desirable.

Water Supply and Sanitary Facilities

An adequate supply of water under pressure should be provided at
several locations in a plant except for waste stabilization
ponds. No piping or other comnnections shall exist in any part of
the treatment works which, under any conditions, might cause the
contamination of a potable water supply.

‘Hand washing facilities should be provided in all treatment works

with the possible exclusion of waste stabilization ponds. Where
operating personnel are located at the site for an eight hour
period or more, a shower, water closet and drinking fountain
should also be provided.

Laboratory Space and EQuipment

All treatment works, except non-overflowing waste stabilization
ponds and facilities serving a population equivalent of ten or
less, shall include a laboratory equipped for making analytical
determinations and operating control tests, unless testing is to
be conducted at another facility or commercial laboratory. The
type of testing program required varies with the type and size of
the plant. Recommended testing programs are contained in the
chapter entitled "Laboratory Requirements".

Measurement
General

Flow measurement capability shall be provided for all wastewater
treatment plants. The type and extent of measurement capability
shall depend upon the hydraulic capacity and type of treatment
processes involved. The following criteria shall apply for flow
measurement installations. (See table on following page)

Location of Flow Measurement

Influent flow measurement shall be installed following prelimi-
nary treatment processes such as screening, grit removal, etc.,
and prior to the initial major treatment processes (sedimenta-
tion, trickling filter, activated sludge, pond, etc.). Flow
measurement equipment should not be placed where it will be
subject to a severe cyclic variation of flow due to the operation
of pumps immediately upstream. If this is not possible, steps
should be taken to reduce this effect as much as possible.

7
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Effluent flow measurement shall be installed following the last
major treatment process (final clarification, filtratiom, etc.)

and may precede any effluent disinfection facilities.

Influent and effluent flow measurement shall not include recircu-
lation flows unless recirculated flows are measured separately.

MINIMUM FLOW MEASUREMENT CRITERIA FOR NEW PLANTS

Location of © Type of Flow
Type & Size of Treatment System Flow Measurement Measurement
1. All mechanical treatment plants Influent Continuous Indicator-
of 0.05 MGD capacity or greater or Recorder
(average design flow). Effluent
2. All mechanical treatment Influent Weir Installation
plants of less than 0.05 MGD or
capacity (average design flow).* Effluent
3. Discharging Lagoon Systems Influent Weir Installation
and
Effluent
4. Non-overflowing lagoon Influent Weir Ins allation
system~*

*If the system receives influent flow directly from a pump station, influent
flow measurement by pressure flow must be provided.

**If the system receives flow directly from a pump station, comsideration
will be given to the use of recording time meters in conjunction with pump
discharge rates for influent flow measurement. (for systems of less than
0.10 MGD capacity at average design flow.)

Flow measurement capability should be provided for large capacity
pump stations regardless of location in the wastewater collection
system.

.Alternate locations for wastewater flow measurement shall be con-

sidered if an existing plant is being modified.

Calibration, maintenance, and trouble shooting information for
each component of a flow measurement system shall be fully delin-
eated in an Operation and Maintenance Manual prepared for the
wastewater treatment system.

Continuous Flow Measurement

Continuous flow measurement devices shall be capable of indicat-
ing, through a direct readout or guage dial, the instantaneous
wastewater flow rate. The measurement system shall be able to
indicate the maximum design flow of the wastewater treatment
system. The continuous flow measurement system shall also provide
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for the recording of flow for a minimum period of 24 consecutive
hours. The totalized flow should be indicated on the recording.

The following configurations are acceptable continuous flow mea-
surement systems when utilized in conjunction with float, pressure
sensors, or any other acceptable means of translation:

Parshall Flume

Cipolleti Weir ,
Rectangular Sharp-Crested Weir
V-Notch Sharp-Crested Weir
Venturi Tubes or Flow Tubes
Magnetic Meters

Ultrasonic Devices

~N o pPewN -

Instantaneous Flow Measurement

Rectangular, V-Notch or Cipolleti sharp-crested weirs are accept-
able configurations for instantaneous flow measurement facilities.
The following points should be carefully considered in the design
and installation of this type of facility.

a. Approach channel dimensions shall be provided such that
appropriate hydraulic head and velocity considerations are
taken into account.

b. The weir should be of a type, size, and shape to properly
handle the expected range of wastewater flow through the
plant or an individual plant component.

c. All dimensions and geometry of the weir plate should be
appropriate with respect to the theoretical requirements for
a chosen weir type.

d. Vertical alignement of weir plates must be emphasized in in-
stallation and operation.

e. Staff or hook gauges-shall be provided such that plant
operators may determine hydraulic head on the weir.

Recirculation Flow
Separate measurement shall be provided for recirculation flows in

all plants utilizing recirculation. Deviations will be allowed
on a case by case basis.

Sludge Handling and Dispoéal

1.

Sludge Handling Methodologies

All treatment plants, except ponds, must have a sludge handling
system with suitable backup equipment to provide at least one al-
ternative sludge handling procedure. Care should be taken so the
methods utilized are capable of functioning year-around including
extended periods of inclement weather. Procedures utilized may
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include sand drying beds, mechanical dewatering fac111t1es
liquid sludge handling facilities, and incineration.

Ultimate Sludge Disposal

The design engineer should address himself to a complete sludge
disposal system to include sludge transportation to off-site dis-
posal areas, routine of sludge transport, long term contractural
arrangements for land application or sanitary landfill disposal,
and the ultimate use of land and subsequent crops in the case of
agricultural application. The operation and maintenance manual
must give adequate detail to sludge disposal under all climatic
conditions. All wastewater sludges shall be adequately stabilized
prior to ultimate disposal. Design features of the sanitary
landfill or agricultural application site must be incorporated in

the project plans and specifications. Sludge incineration equipment

must meet applicable air pollution requirements. (See the chapter
entitled "Land Application of Wastewater Effluent or Sludge")

Safety Features

1.

Ventilation

Forced air ventilation shall be provided for all below ground
level structures which require regular maintenance or inspection,
and that may be subject to the accumulation of toxic and/or
combustible gases. Ventilation, if continuous, shall provide at
least six complete air changes per hour; if intermittent, at
least 30 complete air changes per hour. Alternative ventilation
systems in larger facilities may be utilized. Manholes and those
units specifically delineated in the chapter entitled "Sewage
Pumping Stations" are exempted. The ventilation equipment, if
not continuously operated, shall be activated whemever the lights
are energized. Atmospheric vents shall be provided, when forced
air ventilation systems are not required, to avoid accumulation
of toxic and/or combustible gases.

"Electrical Fixtures

Electrical fixtures in enclosed places where gas may accumulate

shall comply with the National Board of Fire Underwriters speci-
fications for hazardous conditions.

Gas Burning Equipment

Gas burning equipment shall be placed in a separate room so that
adequate ventilation can be provided for the burners and so that
ventilation facilities for the building will not interfere with

the operation of the burners.

Handrails and Guards

Handrails and/or guards shall be provided where necessary.

10
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5. Protective Clothing and Equipment

Gas masks, goggles, gloves, first aid kits, fire extinguishers,

and other protective clothing and equipment shall be provided

where needed.
6. Signs

"No Smoking" and other warning signs should be posted in hazardous

areas. Special valve and switch operation signs should be placed

so as to be in the immediate line of sight of operating personnel.
K. Emergency Operation
1. Flooding (New Treatment Plant Construction)

a. All units shall remain fully operational during the 25 year
flood frequency event.

b.  All units required to provide primary treatment (pumping,
screening, and removal of settleable solids) shall remain
fully operational during the 50 year flood frequency event.

c. All structures, electrical, and mechanical equipment shall
be protected from damage due to the 100 year flood frequency
event.

d. Construction within the 100 year flood plain shall only be
considered if the restrictive effects of the proposed con-
struction are analyzed and presented within the scope of the
facilities plan.

e. Floodproofing of all new facilities should be considered.

2. Flooding (New Pump Station Comstruction)

a. All units shall be above the expected 100 year flood fre-
quency event for the proposed site. Where this data is un-
available, records of the highest historical flood level, or
the engineer's best estimate, may be utilized.

b. Floodproofing should be considered for all possible points
of access to station wet wells and dry wells.

3. Flooding (All Existing Facilities)

a. Additions or modifications should consider floodproofing and
where practicable, should conform to the flood protection
levels specified above.

4. Standby Power (New Construction)

a. Sufficient standby power either from a second line source or
from portable or on-site generating equipment shall be pro-
vided to allow for a minimum of primary treatment at all
times.

11
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b. Modifications or additions to existing facilities should
provide for standby power capability.

12
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V. SOILS
A. Introduction

The standards delineated in this chapter pertain only to the soils
related design of earthen basins for the retention of wastewater and
appurtenant structures. No effort has been made to develop standards
for the soils related engineering design of mechanical treatment units,
buildings, and similar structures.

B. Compaction Requirements
1. Definitions

All soil compaction specified on water pollution control projects
shall be referenced to maximum standard proctor density (AASHO
T-99; ASTM D-698). Specified minimum compaction requirements
shall vary depending on the ultimate use of the soil. For this
reason, the following definitions are offered:

Earthen Structure: Any basin, excavation, and/or embankment in
which wastewater is in direct contact with the soil, i.e., aerobic
ponds, anaerobic ponds, polishing ponds, overflow ponds, sludge
storage ponds.

Foundation: Any soil directly supporting a man-made structure.
Man-made structures include anything constructed of conventional
building materials. :

2. Compaction
The minimum compaction requirements shall be as outlined below:
a. Earthen Structures

Compaction of the embankments and upper 12 inches of the
interior bottoms of earthen structures shall be a minimum of
95% of the maximum standard proctor demsity. The maximum
thickness of uncompacted layers of uncompacted material to
be compacted shall be 6 inches. The moisture content range
shall be optimum moisture to optimum moisture plus 3%.

b. Foundations

Minimum compaction requirements for soils acting as founda-
tions shall be 100% maximum standard proctor density to a
depth of 12 inches below the structure. Moisture content
range of the soil shall be optimum moisture to optimum
moisture plus three percent.

C. Soils Analysis for Earthen Structures

The water loss through embankments and bottoms of any earthen
structure which is an integral part of the wastewater treatment system
shall be based on soil permeability test results. The procedure for
the analysis of permeability is outlined below:

1
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Sampling

A subsurface investigation of the earthen structure construction
area shall be performed as part of the facilities plan. The ma-
terial sampled for analysis shall be representative of the type
of soils which will be located in the top 12 inches of the earthen
interior basin. This may be accomplished by either sampling at
the design elevation of the bottom of the earthen basin or by
selective excavation and backfill. Sufficient test holes shall
be made to ascertain the major variations in the soil strata
which may be present in the area to be used for the pond bottom
and embankments. Verification of any groundwater within 10 feet
of the lagoon bottom and of any rock that will require excavation
should be made at this time. A sufficient number of samples
should be obtained to adequately determine the permeability
characteristics of soil in the area of design elevation of the
pond bottoms and embankments. (A minimum of three samples per
site are required).

" Testing for Coefficient of Permeability

Tests shall be performed in accordance with the procedure set
forth by ASTM D-2434. The samples subjected to the test shall be
compacted to a minimum of 95% of the maximum standard proctor
density at a moisture content range of optimum moisture to opti-
mum moisture plus 3% and tested at a head equal to the maximum
operating depth of the pond. Each sample shall be replicated 3
times, and widely varying test results retested. The coefficient
of permeability shall be based on the average of the three usable
test results.

Determination of Water Loss Through Soil

Using the coefficient of permeability, the rate of loss of waste-
water through the soil may be found. Darcy's equation may be re-
vised to yield this value:

Loss = Q/At =

Where, k = coefficient of permeability feet/day.
h = maximum depth of pond, feet.

L = width of compacted soil layer in pond bottom,
feet.

It is this water loss value that must not exceed 1/4 inch per day
for aerobic, aerated, non-overflowing, overflow, and sludge
storage ponds, and must not exceed 1/8 inch per day for anaerobic
ponds. In addition, the loss value derived from this equation is
used in the water balance calculations for non-overflowing pond
designs. Because the loss value is necessarily dependent on the
depth of water and width of compacted soil, the derivation of the
value must be related to the maximum allowable operational depth
permitted for the chosen type of pond system and to the comstruc-
tion specifications for the project. '



Soils
Adopted 8-17-78

Test Results

(1) For non-overflowing ponds, if the calculated average water
loss through the pond embankments and bottoms is less than a rate
of 1/4 inch per day, the value obtained from testing shall be

used in the design (hydraulic balance calculations) of the earthen
structure. If the test yields a calculated average water loss
through the pond embankments and bottoms greater than 1/4 inch
per day, the soil will require the addition of a soil sealant or
impermeable membranes. The amount of the soil sealant must be
sufficient to reduce the calculated water loss through the pond
embankments and bottoms to 1/4 inch per day or less. The sealant
application rate must be based on the tests outlined under section
C.2 of this chapter. The sealant used in the laboratory testing
must be representative of that to be used in the actual construc-
tion of the earthen structure. The resultant calculated water
loss through the pond embankments and bottoms of the sealant-soil
mixture shall be used in the design (hydraulic balance calcula-
-tions) of the non-overflowing pond system.

(2) For discharging ponds, if the average calculated water loss
through the pond embankments and bottoms is less than 1/4 inch
per day, no sealant will be required. If the test yields an
average calculated water loss through the pond embankments and
bottoms greater than 1/4 inch per day, the soil will require the
addition of a soil sealant or impermeable membranes as discussed
in (1) above. In-place tests in conformance with the Earth
Manual of Bureau of Reclamation during construction in lieu of
laboratory testing may be utilized for discharging ponds only.

Testing of Wastewater Treatment Ponds

After soil sterilization is completed, the first pond to be put
into use shall be filled to the minimum operational level using a
suitable water source. The transfer gate valves and/or stop
planks of the outlet structures shall be closed and sealed before
filling. Beginning not less than 7 days after filling is com-
pleted, the tests shall be performed to determine the water loss
through the bottom and the embankments of the pond. The calcula-
tions for the water loss value must consider the influences of
precipitation and evaporation during the test period.

If the water loss through the pond embankments and bottoms ex-
ceeds 1/4 inch per day, the ponds shall be drained and reworked
in accordance with the requirements of this chapter and tested
again. This procedure shall be repeated until the water loss
through the pond embankments and bottoms is 1/4 inch per day or
less. Because water loss through the soil is proportional to the
depth of water, this must be considered in computing the water ,
loss where the minimum operating level varies from the one spec1f1ed
in the original derivation of the water loss figure.

The results of all on site testing and the appropriate water
balance calculations shall be submitted to the Water Pollution
Control Section, Bureau of Water Quality upon completion of the
tests.
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Impermeable Membranes

Membranes shall have a minimum thickness of 30 mils (0.50 mm) and

as a minimum shall conform to the requirements set forth by ASTM
D-3083.

So0il Sealants

Soil sealants shall be either artificial or mnaturally occurring
bentonite clays. The primary constituent of the clays shall be
sodium montmorillonite. The use of pyrophosphates, and variations
of pyrophosphates, as a soil sealant for earthen structures, will
not be accepted.

Presentation of Data

When ponds are the chosen method of treatment, the soils information
required below must be submitted prior to the design of the ponds.
For non-overflowing pond systems, the permeability information re-
quired in Section C. and the best available groundwater elevation
information shall be determined and submitted in the facilities plan.

1.

The profiles of the borings shall be clearly drawn on adequately
sized paper. Information relating to boring elevations and
depths, soil types, permeability test results, depth of soil
horizons, water table elevations and possible selective excava-
tion shall also be presented in the profiles. Should a soil
sealant be required, the rate of application in pounds per square
foot, methods of mixing and compaction, and the attendant coef--
ficient of permeability value shall also be presented.

A laboratory test report with the permeability test results and
calculated water loss through the pond embankments and bottoms
shall be submitted. The laboratory test report shall include but
not necessarily be limited to the following:

a. Present Site Conditions

1. Vegetative cover.
2. Presence of existing streams, water courses, and water-
ponding.

3. General topography, showing the location of the proposed
facility and the borings.
4. Man-made features such as structures and roads.

b. Geological Features

1. The existence of possible underground workings such as
mines and areas subject to subsidence due to oil or
water withdrawal.

2. Presence of possible earth movements due to faulting or
folding of the rock stratum.

3. Presence of cavernous limestone and other porous stratum
subject to surface collapse.
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Subsurface Soil and Rock Conditions

A drawing showing the extent and nature of the horizon-

1.
tal variations in the strata.

2. Logs indicating the possible horizontal variation in the
sub-surface soil and/or rock strata.

3. The location of groundwater if encountered.

4. The propensity of the drill holes to cave and any other
information that may be pertinent to the amnalysis,
design, and construction of the facility.

5. Samples secured, including sampling locations in each
of the borings, sample number, type of sample taken,
field description, and deposition  of the sample.

Testing

1. Summary sheet showing the results of all test pro-
cedures.

2. Data sheets showing the raw test results.

3. Any variations from prescribed procedures.

4. Evaluation of the validity of the data.

5. Analysis of permeability, including amount of bentonite
to be used per square foot, if required.

Recommendations
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VI. SANITARY SEWER DESIGN

A.

Type of Sewers

Separate sewers will be required for the collection of wastewater and
stormwater. Roof, areaway, garage, or foundation drains shall not be
connected to sanitary sewers as prohibited by Regulation 28-16-55 of

the Water Pollution Control Section, Bureau of Water Quality.

Design Period

Wastewater collection systems containing lines.up to and including a
diameter of 18 inches should be designed for the estimated ultimate
population of the area served. Sewers with a diameter larger than 18
inches should not be designed for less than a 25 year period unless
staged development has been proposed in an approved facilities plan
for the project.

Design Basis
1. Per Capita Flow

The sewerage system should be designed with the best available
information under all circumstances. The information should be
obtained from direct wastewater flow measurements via a reliable
device. Where information from direct measurement is not avail-
able, as in new systems, secondary flow estimation methods such
as water use information in winter months may be substituted.
Infiltration and inflow in nonexcessive quantities shall be
accounted for in the selection of per capita flow estimates.

2. Design Flows

The design flow for sanitary sewers should be selected after con-
sideration is given to the nature of the contributing area.
Higher maximum to average flow rates should be used for smaller
areas. Suggested ranges vary from 2.0 to 5.0 times the average
flow for derivation of maximum design flow.

3. Design Flow Depth

Sewers up to and including a diameter of 18 inches should carry
the design flow when running two-thirds full. Sewers larger than
18 inches in diameter should carry the design flow when running
three-fourths full.

4. Capacity

a. In areas which are substantially developed, the design capa-
city is to be based on existing measured flows, an allowance
for non-excessive infiltration/inflow, and capacity for
reasonable future development.

b. Sewers larger than 24 inches in diameter must be economical
when compared to small size sewers in the initial instal-

lation with later parallel sewers.

1
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c. The following table is provided as a guide for minimum
acceptable design flows in sewer sizing for undeveloped
areas. Design flows less than the figures given in the
table must be thoroughly justified with appropriate documen-
tation. Note that the flows contain an allowance for non-
excessive infiltration/inflow. For Federal Grant projects,
the table indicates the design flows for pipe sizing that
will receive the full level of Federal participation.
Larger pipe sizes derived from larger design flows will be
funded only to the eligible pipe size derived from the
design flows shown in the table.

Note: See table on following page.

D. Details of Design, Construction, and Materials

1.

Minimum Size
No public gravity sewer shall be less than 8 inches in diameter.
Depth

A minimum earth cover of 30 inches shall be provided for all

sewers of material other than cast iron. Where this depth of
cover is not available, protection shall be provided by earth
fill, encasement in concrete, or construction with cast irom.

Slope

The vertical gradient shall be such that a velocity of at least
2.0 feet per second for pipes flowing onme-half full will be main-
tained; based on Manning's formula using n = .013. '

For eight inch pipe only, the following requirements apply:

a. The minimum acceptable grade for the pipe will be 0.4%, re-
gardless of material of construction, except as noted below.

b. Grades down to 0.3% for any type of pipe will only be accept-
ed when a lift station may be eliminated, where the cost of
constructing the sewer line at 0.4% grades will be extremely
prohibitive as compared to the cost of constructing the line
at 0.3% plus the cost of the additional maintenance the line
will require, or where other techmical considerations warrant
the use of grades down to 0.3%. The use of grades below
0.4% will not be routinely authorized.

c. Where grades below 0.4% are utilized, the Water Pollution
Control Section, Bureau of Water Quality will require noti-
fication from the owner of the system in question that
potential exists for additional maintenance, and that they
are prepared to take necessary action to prevent deposition
of solids.
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SLOPES REQUIRED FOR V = 2 fps
FOR FULL AND HALF FULL FLOW.

Slope in %

Pipe Diameter

(inches) ' : n = 0.013
10 0.248
12 0.194
15 0.145
18 0.114
21 0.092
24 0.077
27 0.065
30 0.057
33 0.051
36 0.045

When two sewers of the same size and same slope are joined
by a manhole, a continuous grade through the manhole may be
provided.

Increasing Size

When a sewer joins a larger one, the invert of the larger sewer
should be lowered sufficiently to maintain a continuous energy
gradient. Approximate methods for securing this result are to
place the 0.8 depth point of both sewers at the same elevation or
to place the crowns of the sewers at the same elevation.

High Velocity Protection

a.

Where flow is continuous and grit is a problem, and where
velocities greater than 10 feet per second in the sewer are
possible, special provision shall be made to protect againmst
erosion. This protection may be secured utilizing cast
iron, ductile iron or steel pipe.

Where pipe slopes exceed 15% and manhole spacings exceed 100
feet, special provisions must be made to anchor the sewer
securely at least for every 100 foot of sewer. The use of
concrete collars and/or concrete encasement is recommended
for this purpose.

Sewer Joints

Sewer joints shall be designed to minimize infiltration-
exfiltration and to prevent the entrance of roots. Premixed cold
joint material or cement mortar joints shall not be used. This
prohibition does not prevent use of factory-applied joints of
demonstrated quality.
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Inverted Siphons

Inverted siphons should have not less than two barrels with a
minimum pipe size of 6 inches and shall be provided with necessary
appurtenances for convenient flushing and maintenance. For easy
hydraulic removal of solids, the following maximum grades are
recommended on the rising leg: 6-inch pipe - 11%°, 8 'to 12-inch
pipe -22%°, greater than 12-inch pipe - 45°. The manholes shall
have adequate clearances for rodding and in general sufficient
head shall be provided and pipe sizes selected to maintain veloci-
ties of at least 3.0 feet per second for average flows. The

inlet and outlet head losses should be addressed. The details
shall be arranged so that the average flow is diverted to 1

barrel and so that either barrel may be taken out of service for
cleaning.

Materials for Sewers

Sanitary sewer pipe shall be constructed of material resistant to '
‘or protected from bacterial degradation, acid and alkaline solu-
tions, normal sewer temperature variation, abrasion, and indus-
trial wastes or other materials which may be transmitted by the

collection system.

Types of commercial pipe frequently approved for gravity sanitary
systems include*:

a. Vitrified Clay Pipe
‘ Extra strength and standard strength clay pipe ASTM C700.
b. Reinforced Concrete Sewer Pipe
Where conditions are especially conducive to the production
of hydrogen sulfide gas, appropriate steps shall be taken to
provide protection for the pipe. ASTM C76.

c. Ductile Iron Sewer Pipe

USASI A 21.50 (or AWWA H3), USASI A 21.51 (or AWWA C151),
and A 21.52.

d. Cast Iron Pipe
ASTM A 377

e. ABS Composite Sewer Pipe
ASTM D 2680

f. ABS Solid Wall Pipe
ASTM D 2751

*Referenced standards apply to the latest revision of the standard.

5
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g. PSM Poly (Vinyl Chloride) PVC Sewer Pipe & Fittings
ASTM D 3034 |

h. PSP Poly (Vinyl Chloride) PVC Sewer Pipe & Fittings
ASTM D 3033

i. Asbestos - Cement Non-Pressure Sewer Pipe
ASTM C 428

Other materials such as fiberglass, polyethylene, etc., may be
approved on a case-by-case basis until further experience is
gained with these products. It is essential that manufacturing
representatives make themselves available to the consultant and
the Water Pollution Control Section, Bureau of Water Quality
during all phases of design and construction.

Bedding

Trench bottoms should be kept dry and stable during trench pre-
paration and until the pipe line installation is completed to the
extent that no damage from hydrostatic pressure, floatation, or
other causes will result. Pipe bedding shall be required for all
types of pipe and under all conditions except cast and ductil
iron pipe. . :

a. Rigid sewer pipe (VCP, reinforced concrete pipe, asbestos-
cement pipe, cast and ductile iron pipe) is defined for the
purposes of classification in this document as sewer pipe
that will crush or fail structurally before it will deflect
an appreciable amount. :

1. Pipe bedding for VCP shall conform with the current
ASTM Standard Recommended Practice C-12, Class C or
WPCF Manual of Practice No. 9 (ASCE - Manuals and
Reports on Engineering Practice - No. 37), .Class C
improved bedding as a minimum.

2.  Other types of rigid pipe shall be bedded in conformance
with their respective ASTM pipe specification. (See
section D.8. of this chapter entitled "Materials for
Sewers").

b. Semi-rigid sewer pipe (ABS Composite Pipe) and flexible
sewer pipe (PVC Pipe and ABS Solid Wall Pipe) are defined
for the purposes of classification in this document as pipes
which will deflect appreciably before they will crush or
fail structurally. Pipe bedding for semi-rigid and flexible
pipe shall conform to current ASTM specification D 2321.

Trenching

Wherever possible, trench widths shall not be more than 24 inches
greater than the pipe diameter for pipes 30 inches in diameter or

6
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less. Wider trench widths may be used for larger than 30 inch
pipes and/or trenches greater than 14 feet deep.

Sewer Service Connections

Vertical risers for sewer service connections shall not be utilized.
The following are two methods of installing riser pipes that are
approved by the Water Pollutlon Control Section, Bureau of Water
Quality.

a. Where conditions permit, the branch connection shall be set
at no greater than 45° to the horizontal and the riser
brought to the appropriate location utilizing no greater
slope than that given by the branch connection angle.

b. In situations where the sewer trench is of minimum width and
the trench walls are of vertical, firm, undisturbed materials,
the branch connection shall be set at 45° to the horizontal
and a 45° bend shall be placed on the branch. The branch
and bend shall be encased in concrete. The riser pipe shall
be set into the 45° bend and extended up the trench wall to
the appropriate depth. The wall of the ditch shall be
recessed to contain at least one-half of the vertical riser
pipe. Each pipe joint shall be securely pinned in place by
driving two stakes into the solid bank at such an angle as
to prevent movement of the pipe when backfilling.

Aerial Crossings

Support shall be provided at all joints in pipes utilized for
aerial crossings. Cast iron or ductile iron pipe must be utilized
for aerial crossings. Steel pipe is acceptable for encasement

pipe.
Highway and Railroad Crossings

Adequate protection shall be provided to prevent failure of the
sewer line or force main at highway and railroad crossings. The
design engineer must demonstrate the adequacy of the protection
provided.

Pressure Sewer Collection Systems

Pressure sewer collection systems may be utilized where adequate
justification is given for their use. The entity that will have
responsibility for maintaining the system must demonstrate that
it has the capability and manpower to operate and maintain the
system. When sufficient design information is felt to be avail-
able, further criteria will be provided in this document. Pro-
jeet submittals considering the use of this type of system shall
submit the latest design information available.
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E. Acceptance Tests for Sewers
1. Alignment

a. Sewers should be laid with stralght alignment between man-
holes. Alignment tests such as "lamping" or TV inspection
must be conducted. The use of advanced construction tech-
niques such as a laser assistance is recommended.

b. Sewers may be laid with curved alignment provided a manhole
is constructed at each end of the curve and a constant
degree of curvature is provided. The use of curved sewers
will be approved by the Water Pollution Control Sectionm,
Bureau of Water Quality on a case-by-case basis only. The
engineer will be required to conduct adequate tests of the
curved sections of sewers. The owners of the system with
curved sewers shall demonstrate that they have the capability
to clean and maintain the curved sewers.

2. Infiltration-Exfiltration

Hydrostatic or air pressure tests shall be conducted on sewers
before acceptance by the owner. For sewers with a diameter less
than 24 inches, the infiltration-exfiltration shall not exceed
250 gallons per day per inch of nominal pipe diameter per mile of
sewer line for any section of the system. For sewers with a
diameter 24 inches or greater, infiltration-exfiltration shall
not exceed 6000 gallons per day per mile of pipe.

a. For hydrostatic tests where sewers are laid above the ground-
water table, exfiltration tests shall be conducted. Where
sewers are laid within the groundwater table, infiltration
testing shall be conducted. Exfiltration tests must be
conducted with a minimum of four feet of static water head
above the invert of the sewer at the upstream manhole.
Manholes shall be tested using internal or intermal hydro-
static pressure. A minimum hydrostatic head of &4 feet is
required for the test. Infiltration-exfiltration shall be
less than 1.14 gallons per day per vertical foot of manhole
(equals 6,000 gallons per day per vertical mile).

b. Low pressure air testing may be conducted on any type of 8
inch to 12 inch diameter pipe. Testing methods and air
leakage rates shall conform to ASTM C828-76T or the latest
revision thereof as a minimum. Manholes, which cannot be
properly air tested, shall be visually inspected and leakage
tested using internal or external hydrostatic pressure. A
minimum hydrostatic head of 4 feet is required for the test.
Infiltration-exfiltration shall be less than 1.14 gallons
per day per vertical foot of manhole (equals 6000 gallons
per day per vertical mile).

3. Deflection Testing (refer to Section D.9. of this chapter for de-
finitions).
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After flexible and semi-rigid pipe has been laid and backfilled,
the engineer shall require a deflection test. The maximum allow-
able deflection shall not exceed 5.0% of the pipe's internal
diameter. The deflection test shall consist of guiding a device
of the appropriate size through the pipe to accurately measure
any deflection in the pipe. Attention should be given to the
fact that the pipe's nominal diameter is greater than the actual
internal diameter of the pipe. Lamping will not be approved for
deflection testing.

F. Manholes

Manholes shall be constructed of materials resistant to or protected
from bacterial degradation, acid and alkaline solutions, normal sewer
temperature variation, abrasion, industrial wastes or other materials
which may be transported by the sewer.

1.

Location .

‘Manholes should be provided at the end of each line; at every

change in grade or alignment; at all intersections; where pipe
sizes change; and at distances not greater than 400 feet for
sewers 18 inches or less in diameter and approximately 600 feet
for larger sewers. Exceptions to these requirements may be made
where the owner operates and maintains equipment capable of
cleaning longer sections of sewers.

An exception to this policy is the permitted use of 45° cleanouts
to terminate lines in non-traffic areas not greater than 150 feet
from the nearest downstream manhole.

Access

The primary purpose in constructing manholes is to provide access
to the sanitary sewer for inspection, routine preventative main-
tenance and for emergency service. It is imperative that manholes
be constructed at locations that will provide convenient access
of men and equipment to the manhole.

The preferable location for sanitary sewers is in a dedicated
street or alley right-of-way. Where this is impossible or im-
practical, sewers may be located in permanent easements. Per-
manent maintenance easements should be adequate in width to allow
access and egress of maintenance personnel, vehicles and equip-
ment. Above ground obstructions that are located in the easements
such as utility poles, transformers, teléphone junction boxes,
meters, etc. should be located off center of the easement to

avoid interfering with access to and egress from any location

over the sewer line. Obstructions belonging to adjacent property
owners such as fences, retaining walls, trees, shrubs, utility
buildings, etc., should not be permitted on permanent utility
easements. The minimum recommended width for permanent maintenance
easements for sewers is sixteen feet, with twenty feet being
desirable. In sub-divisions where sewers are installed in ease-
ments, the sewer should not terminate after being constructed a
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short distance past the last lot line in the block, but should
instead extend to the street right-of-way for access.

Where sewers are installed in easements, the sewer should be
designed so that at least one of the manholes in each straight
stretch of sewer is readily accessible in a dedicated street or
alley right-of-way. It is highly desirable to have the downstream
manhole available whenever possible for cleaning with a high
pressure hydraulic sewer cleaner.

Drop Type

An outside or inside drop pipe shall be provided for a sewer
entering a manhole at an elevation of 24 inches or more above the
manhole invert. The outside drop pipe shall be protected against
breaking or settling by the use of concrete encasement. For pipe
diameters of 8 inches to 12 inches, the drop pipe shall have the
same nominal diameter as that of the incoming sewer. ZFor larger
pipe sizes, a minimum 12 inch diameter drop pipe shall be provid-
ed. The minimum inside diameter of an inside drop type manhole
shall be 60 inches.

Diameter

The minimum inside diameter of manholes shall be 42 inches. The
minimum diameter of manhole entry ways shall be 22 inches.

Force Main Receiving Manholes

Brick manholes are recommended for use as force main receiving
manholes. Precast reinforced concrete, concrete block, or pre-
cast concrete section manholes utilized for this purpose shall
have a durable internal coating sufficient to provide protection
against corrosion caused by acidic degradation. This coating may
be a coal tar compound, an epoxy based compound, or any type of
coating of proven quality. Bituminous compounds will not be
approved. Extra grouting should also be utilized to provide
protection against abrasion.

Steps, Rings, and Lids

a. Manhole steps, rings, and lids shall be made of gray cast
iron conforming to ASTM A 48 or shall be made of other
corrosion resistant materials. Steps or ladders shall be
provided whenever the manhole is deeper than 4 feet. Steps
shall be spaced at intervals no greater than 16 inches.
Where manhole steps are not utilized, in-place or portable
ladders shall be provided.

b. Manhole rings and lids utilized in traffic areas, i.e.,
streets, alley-ways, or parking lots, shall be of cast iron
construction. Solid manhole covers shall be utilized.
Manhole covers with a pickhole are acceptable. Manhole
rings and lids of ABS Thermoplastic construction will not be
approved.

10
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Manhole rings shall be constructed on manholes so that no
infiltration or inflow may enter the manhole.

7. Manhole Bases

a.

Materials for concrete used for manhole bases shall conform,
as a minimum, to the following current specifications:

Portland Cement ASTM C 150
Aggregate for Mortar ASTM C 144
Fine & Coarse Aggregate ASTM C 33

Water: Clean and free from deleterious substances. Total
water content of concrete shall not exceed 6.5 gallons of
water per 100 pounds of cement in the mix.

The base shall be poured of a minimum 3000 psi concrete with
a maximum slump of 4 inches, vibrated or tamped. The base
shall have a minimum diameter 8 inches greater than the
outside diameter of the manhole. The base shall have a
minimum 8 inch thickness beneath the manhole wall.

The invert flow channel shall be formed during or immediate-
ly after the pouring of the manhole base and brush finished
as soon as the concrete has sufficiently set. The flow
channel through through manholes shall be made to conform in
shape and in slope to that of the sewers. Sewer pipe, with
the top half removed, should be laid through the manhole
whenever possible. -

The inside bottom of the manhole shall rise a minimum of 1
inch per foot from the side of the pipe or the flow channel
to the wall of the manhole. Dips or projections capable of
holding water or solid materials will not be permitted. The
concrete shall set for 24 hours before any pipe inside the -
manhole is trimmed.

All sewers constructed of rigid or semi-rigid pipe extending
from all manholes shall be encased with concrete for a
distance of three feet from the outside wall of the manhole.
This support may be deleted if a flexible, watertight gasket
is used to connect the sewer to the manhole. No support is
required for sewers constructed of flexible pipe.

The use of precast concrete attached integral cast manhole
bases is approved. Unattached precast concrete bases or
pads will be approved only where poor trench conditions
warrant their use.

8. Brick Manholes

a.

Brick used for brick manholes shall conform to the current
ASTM designations C 32 and C 126.

11
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The minimum manhole wall thicknesses for brick manholes
shall be: :

At a depth of 0 to 16 ft. 8 inches
At a depth of 16 ft. or greater 12 inches

The manhole shall be waterproofed on the exterior with a
minimum cement plaster coating one inch thick or with a
minimum plaster coating one-half inch thick in conjunction
with one coating of a bituminous or other similar material
water proofing compound.

Precast Reinforced Concrete Manholes

These manholes shall conform to the current ASTM specifications c
478 except for the following modificatioms:

a.

Cement used in the construction of precast reinforced con-
crete manholes shall conform to the requirements of the
Standard Specifications for Portland Cement (ASTM Desig-
nation: C150).

The minimum shell thickness for precast concrete reinforced
manholes shall be:

At a depth of 0 to 16 feet. One-twelfth internal shell dia-
meter or 4 inches, whichever
is greater.

At a depth of 16 feet or One-twelfth internal shell
greater. diameter plus one inch, or 5
inches, whichever is greater.

The bottom precast manhole section shall not be set upon a
previously cured manhole base. Pouring 3 to 4 inches of
concrete up along the outside walls of the bottom precast
section of the manhole is recommended. Where the base
extends at least up to 3 to 4 inches along the inside manhole
walls, this protection would not be necessary.

Joints between precast reinforced concrete sections shall be
of such design that leakage and infiltration can satisfac-
torily be reduced to a minimum. The use of rubber gaskets

"(natural or synthetic) and mastics is recommended for this

purpose. If mastics .are utilized, the joint must be protected
on the exterior of the manhole from the degradating action
of the soil.

Any precast reinforced concrete section which has been
damaged in transit or on site such that the watertightness
of the section has been affected adversely shall not be
utilized in the construction of the manhole.

The use of 2 or 3 grade adjustment rings or layers of bricks
under the manhole cover is recommended especially in unde-
veloped areas where grade adjustment may become necessary.

19
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Concrete Block and Concrete Sections for Sanitary Sewer Manholes

These specifications cover solid, precast, curved or segmental
concrete masonry units intended for use in the construction of
sanitary sewer manholes.

a.

a.

Materials for concrete block and precast sections shall con-
form to the following current specifications:

Portland Cement ASTM C 150 -
Aggregate for Mortar ASTM C 144
Steel Reinforcement ASTM C 617
Concrete Masonry Units ASTM C 139

The strength of the concrete material shall not be less than
3000 psi.

The wall thickness cannot be less than:

At a depth less than 16 feet 6 inches
At a depth greater than 16 feet 8 inches

The manhole shall be waterproofed on the exterior with a
minimum cement plaster coating one inch thick or with a
minimum plaster coating one-half inch thick in conjunction
with one coating of a bituminous or similar material water-
proofing compound.

-Cast-In-Place Concrete Manholes

Materials for concrete used for cast-in-place concrete man-
holes shall conform, as a minimum, to the following current
specifications: :

Portland Cement ASTM C 150
Aggregate for Mortar ASTM C 144
Fine and Coarse Aggregate ASTM C 33

Water: Clean and free from deleterious substances. Total
water content of the concrete shall not exceed 6.5 gallons
of water per 100 pounds of cement in the mix.

The wall thickness cannot be less than:

At a depth less than 12 feet 6 inches
At a depth greater than 12 feet 8 inches

Shell thickness uniformity shall be obtained through the use
of spacers located at the top and bottom of the manhole.

For deep manholes, spacers located at a depth of one-half
the manhole depth should also be utilized. '

The manhole base shall be constructed as required in Section
E.7. of this chapter except for the following:

13
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The base shall be poured momolithically with the rest of the
manhole.. The base shall have a minimum thickness including
the area under the pipe as follows:

0 ft. to 8 ft. manhole heights 8 inches
8 ft. to 12 ft. manhole heights 10 inches
12 ft. and above manhole heights 12 inches

Cleanouts and Lampholes

1. Lampholes shall not be used.

2. Cleanouts may be used to terminate lines. (See Section F.1. of
this chapter.) Cleanouts shall be designed in such a manner as
to make any extension of the sewer line impossible without re-
moving the cleanout. The diameter of the cleanout shall be the
same as that for the sewer. )

Protection of Water Supplies

1. There shall be no physical connection between a public or private
potable water supply system and a sewer, or appurtanence thereto,
which would permit the passage of any wastewater or polluted
water into the potable water supply.

2. Sewer lines, i.e., house connections, laterals, trunk lines,
interceptors, force mains, etc., shall not be constructed within
a 100 foot radius of a public water supply well. Greater separa-
tion may be required where soil and drainage conditions indicate
the need for greater protection.

Sewer lines constructed of cast iron or solvent welded plastic
pPipe materials may be constructed within 10 feet of a private
water supply well. Sewer lines constructed of non-watertight

materials must be at least 50 feet "from a private water supply
well.

3. A minimum horizontal distance of 10 feet shall be maintained be-
tween water and sewer lines. At points where sewers cross water
mains, the sewer shall be constructed of cast irom, plastic pipe
with solvent welded joints, or pipe encased in concrete for a
distance of 10 feet in each direction of the crossing unless the
water main is at least 2 feet above the sewer.

4. Water and sewer llnes shall not be placed in the same trench or
excavation.

Outfall Sewers

Outfall sewers and outfall structures shall be designed and constructed
to provide:

1. Protection of the sewer against excessive receiving stream velo-
cities, water traffic, floating debris, heavy waves, -or other
hazards which might damage the structure.

2. Protection of the sewer against the eatry of flood water.
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VII. SEWAGE PUMPING STATIONS

A.

General

Sewage pumping stations shall be protected from flooding. A one
hundred (100) year recurrence interval should be considered for
design. A suitable superstructure, preferably located off the right-
of-way of streets and alleys should be provided. It is important that
the station be readily accessible.

Type and Capacity

1. Sewage pumping stations should preferably be of the dry well
type. Under situations where justification can be provided due
to temporary service, economics, construction difficulties,
and/or practicability, consideration will be given to the use of
wet well mounted or submersible pumping stations. Under no con-
ditions should the operator have to routinely enter the wet well.

2. Sewage pumping stations must be designed to pump the maximum
bourly flow. Storage for shorter term peaks can be provided in
either the wet well or the upstream collection system, whichever
is applicable. - If the collection system is to be utilized for
storage, care must be taken to insure basements are not flooded.
Provisions must also be made so that no untreated wastewater is
discharged to a watercourse.

3. The wet well should be designed so that with any combination of
inflow and pumping, the cycle of operation of the pumps will not
be less than five (5) minutes and the maximum retention time in
the wet well will not exceed one hour. Detention periods in the
wet well should be kept to a minimum compatible with proper pump
operation.

4. Pumping Rates
The pumps and controls of main pumping stations, and especially
pumping stations operated as part of treatment plants, should be
selected to operate at varying delivery rates to permit discharge
of sewage from the station to the treatment works at approx1mate-
ly the sewage flow rate to the pump station.

Structures

1. . Separation

The wet well and the dry well must be kept separate. The venti-
lation systems also must be completely separate.

2. Bottom of the Wet Well

The bottom of the wet well should slope to suction lines at least
1.75 vertical to 1.0 horizontal, and the width of the flat bottom
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in the wet well should not be more than twice the diameter of the
suction bell.

3. Pump Removal

The size of the openings to the ground surface shall facilitate
easy removal of pumps, motors, and other large equipment. Lift
hooks shall be provided to facilitate removal of pumps and motors.
Permanent hoists and hoist rails are acceptable in larger pump
stations.

4. Access

Manhole type steps into pump rooms, expecially in plants, are
undesirable and present a safety hazard. A spiral stairway is
considered the minimum acceptable safe means of access to major
below-ground structures within sewage treatment plants. Spiral
stairways should be used only when conventional stairs cannot be
provided. Pumping stations will be approved with access ladders
when the facility is too small to justify construction of a
stairway.

D. Pumps
1. Number of Required Units

At least two pumps shall be provided, with each pump capable of
lifting the maximum design flow. If three or more pumps are
provided, the larger unit shall serve as standby equipment with
the remaining units capable of accommodating the maximum design
flow. If all units are of equal size, then each of the three
units shall be capable of pumping one-half the maximum design
flow.

For design populations of less than 25 people, pneumatic ejectors
and submersible grinder pumps will be considered on a case-by-case
basis. If ejector type pumping equipment is utilized, only one
reservoir may be utilized but two (2) compressors shall be provided.
If submersible grinder pumps are utilized, a minimum of one (1)
complete standby pump shall be provided and two (2) complete
replacement impellers and cutter units shall be provided.

2. Submersible Pumps

a. Submersible pumps may be utilized as discussed in section
B.1. of this chapter. Submersible pumps should not be
utilized in major pump station and raw wastewater treatment
facility pump station applicatiomns.

b. Submersible pumps 3hall be designed specifically for sub-
merged use in raw sewage. An effective method to detect
shaft seal failure or potential seal failure shall be pro-
vided. Upon detection of moisture leaking past the drive
shaft seal, the electrical system shall be designed to turn
off the pump and prevent its use in any alternating pump
cycle.
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c. Submersible pumps shall be readily removable and replaceable
without dewatering the wet well or discomnecting any piping
in the wet well.

d. Electrical supply and control circuits shall be designed to
allow disconnection at a junction box located outside the
wet well. Terminals and connectors shall be protected from
tight seals and shall be protected by separate strain relief.

e. The motor control center shall be protected by a conduit
seal or other appropriate sealing method.

f. Pump motor power cords shall be designed for flexibility and
serviceability under conditions of extra hard usage. Ground
fault interruption protection shall be used to deenergize
the circuit in the event of any failure in the electrical
integrity of the cable.

g. Power cord terminal fittings shall be provided with strain
' relief appurtenances, and shall be designed to facilitate
field connecting.

h. Valves shall be located in a separate valve pit. Accumulated
water shall be drained to the wet well. An effective method
shall be provided to prevent sewage from entering the pit
during surcharged wet well conditions. Gate valving on
suction will not be required.

i.  All other requirements of this chapter shall apply to sub-
mersible pump stations.

Pump Openings

Pumps shall be capable of passing spheres of at least three
inches in diameter. Pump suction and discharge openings shall be
at least four inches in diameter. These requirements are not
applicable to grinder type pumps.

Priming

The pump shall be so placed that under normal operating con-
ditions it will be self-priming. Vacuum prime pumps shall be
considered self-priming.

Electrical Equipment and Controls

" Electrical equipment in enclosed places where gas may accumulate
shall comply with the National Board of Fire Underwriters specifi-
cations for hazardous conditions.

Control systems should be simple, direct, and reliable, utilizing
a centralized control panel. Consideration should be given to
installation of proper instrumentation such as pressure gages,
flow recorders or indicators, and electrical devices such as
voltmeters, wattmeters, and ammeters.
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Intake

Each pump should have an individual intake. Wet well design
should be such as to avoid turbulence near the intake. Bell
mouth inlets should be utilized when feasible.

Dry Well Dewatering

A separate sump pump shall be provided in dry wells to remove
leakage or drainage. Discharge of the sump pump shall be at an
elevation which would not allow sewage to drain to the dry well.
Water ejectors connected to a potable water supply will not be
approved. All floor and walkway surfaces should have an adequate
slope to a point of drainage. Check valves should be provided on
the sump pump discharge line to avoid flooding of the dry well
during periods of extended electrical power failure.

E. Force Mains & Piping

1.

Velocity and Force Main Size

The velocity at design flow shall be in excess of two feet per

second. A maximum velocity of 10 feet per second is suggested

for discharge lines. The minimum acceptable size for a force

main shall be 4 inch nominal diameter. Smaller size mains will
be considered with grinder pump installations where the reduced
pipe size is necessary to insure a flushing velocity of 2 feet

per second.

Suction Line

The suggested maximum velocity in suction lines is 10 feet per
second. '

Valves

Shut-off valves should be provided on the suction and discharge
side of each pump so the pump may be easily removed. Check
valves shall be placed on each discharge line between the shut-off
valve and the pump.

Air Relief Valve

Air relief valves should be placed at high points in the force
main to prevent air locking. Manual relief valves are recommended
for this purpose. Automatic relief valves will be approved only
where their use can be justified.

Termination

Special consideration should be given to the design of force main
outlets to avoid unnecessary splashing and retard erosion.
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6. Materials and Joints

Acceptable materials for force main construction include cast
iron, ductile iron, asbestos-cement, and solid wall plastic.
Acceptable force main joints are mechanical, push-on or rubber
compression gaskets for CIP, AC and DIP; solvent welded and com-
pression gaskets for plastic pipe.

7. Reaction Blocking

Reaction blocking or restrained joints shall be provided at bends
in force mains where the bend exceeds 11%°.

Power Supply

Electrical power should be available from at least two independent
sources, Oor emergency power equipment should be provided. Where this
is not feasible, an overflow and storage catchment system shall be
provided at such an elevation as to prevent basement flooding. If the
pump station and collection system can provide 12 hours or more of
wastewater storage at average design flow without basement flooding or
bypassing, then emergency power or additional catchment facilities may
not be required. In any situation, provisions must be made so that no
untreated wastewater will be discharged to a watercourse.

Where permanently installed or portable engine-driven pumps are used,
the following requirements shall apply. Engine driven pump(s) shall
meet the design pumping requirements of the station unless storage
capacity is available for flows in excess of pump capacity. Pumps
shall be designed for anticipated operating conditioms, including
suction lift if applicable. Where part or- all of the engine driven
pumping equipment is portable, sufficient storage capacity to allow
time for detection of pump station failure and tranmsportation and
hookup of the portable equipment shall be provided. A riser from the
force main with quick connection coupling and appropriate valving
shall be provided to hook up to the portable pumps.

Alarm System

Alarm systems should be provided for all pumping stations. The alarm
shall be designed to activate at the onset of pump or pump station
malfunction. The use of audio or visual alarms shall be evaluated in
terms of effectiveness in alerting operation and maintenance personnel
of pump station malfunction. Telecommunication systems are recommended
for large pump stations. The alarm system must be operable independent
of the primary and any secondary power sources.

Ventilation

Forced air ventilation shall be provided for all below-ground level
pumping station dry wells. Ventilation, if continuous, shall provide
at least 6 complete air changes per hour; if intermittent, at least 30
complete air changes per hour. Intermittent systems shall be activated
upon entrance into the dry well. Alternative ventilation systems in
larger facilities may be utilized. Wet wells require forced air
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ventilation only when the wet well contains equipment (bar screens,
comminutors, etc.) which require regular maintenance or inspection.

The equipment shall be automatically activated upon opening the well
cover. Atmospheric vents shall be provided when forced air ventilation

systems are not required to avoid accumulation of toxic and combustible
gases.
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VIII. PRIMARY TREATMENT

A.

Primary treatment is considered to include all treatment preliminary
to biological treatment and includes comminutors, bar screens, grit
removal, pre-aeration, and sedimentatiomn.

Screening
1. Purpose

a. Screening is used to economically remove large solids from
wastewater which would damage equipment or interfere with
subsequent treatment processes. Bar screens are typically
used prior to pumping or preceeding grit chambers or sedi-
mentation basins. When comminutors are used it is necessary
to place an alternate channel equipped with a bar screen to
provide protection when the comminutor is temporarily removed
from service or when high flows are experienced.

2. Design of Bar Screens

a. Bar screens shall be used in conjunction with comminutors,
grit chambers and major pump stations where impairment of
pumping will jeopardize the entire treatment process.

b. Bar screens located in deep structures should utilize me-
chanical removal of screenings. As a minimum, a mechanical
means of raising screening containers to ground level must
be provided.

c. When bar screens are located in a structure which contains
office or maintenance space, the bar screen should be sepa-
rated from the rest of the building and should be provided
with a separate outside entrance and ventilationm.

d. Manually cleaned bar screens should maintain a velocity
through the screen of approximately one foot per second at
average rate of flow. For mechanically cleaned screemns,
maximum velocities during wet weather periods should not
exceed 2.5 feet per second. The velocity shall be calcu-
lated from a vertical projection of the screen openings on
the cross-sectional area between the invert of the channel
and the flow line.

e. The screen channel invert should not be more than 6 inches
below the invert of the incoming sewer.

f. The inverts in chambers containing screening devices shall
be shaped to minimize deposition of solids and to provide
for ease of operation.

g. Hand-cleaned screens should be placed on a slope of 30 to 45
degrees with the horizontal.
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h. Channels shall be equipped with the necessary gates to
divert flow from any one screening unit. Provisions also
must be made for dewatering each unit.

i. The clear opening between bars of manually cleaned screens
should be between 1 to 2 inches.

j- The clear openings for mechanically cleaned screens may be
as small as 5/8 of an inch.

k. The net area of the bar screen openings shall be at least
150 percent of the area of the incoming sewer.

1. Where mechanically operated screening or comminuting devices
are used, auxiliary hand-cleaned screens shall be provided.
The design shall include provisions for diversion of the
entire sewage flow through the auxiliary screens should the
regular units fail to operate.

m. Containers with tight fitting covers shall be provided for
storage of screenings prior to ultimate disposal. Hand-
cleaned screening facilities should include an accessible
platform from which the operator may rake screenings easily
and safely. Suitable drainage facilities back to the raw
sewage wet well should be provided both for the platform and
for the storage area. Acceptable methods of screenings
disposal are burial or incineration.

Removal Facilities

The function of grit removal facilities is to remove inert non-
biodegradable particles larger than 0.2 mm in size. The intent
of grit removal facilities is to (a) provide protection for
mechanical equipment from excessive wear, (b) reduce pipe clog-
ging, (c) reduce the frequency of anaerobic digester maintenance,
and (d) improve digester operation.

Grit removal facilities should be provided for all mechanical
sewage treatment plants and must be provided for all plants
incorporating anaerobic digestion or if the collection system
contains combined sewers. Consideration should be given to
future addition of grit removal facilities for all mechanical
plants.

Where practical, grit removal facilities shall be located ahead
of pumps and comminuting devices.

The type of grit chamber to be utilized is dependent upon the
nature of the collection system and industrial waste contributors.
Three types of grit removal facilities are acceptable and are as
follows: (a) channel type, (b) aerated grit chambers, (c) circular-
short detention (Vortex) type. Application will depend upon size
of plant and physical space available.



Primary Treatment
Adopted 8-17-78

Design of Channel-Type Grit Chambers

a.

Grit channels shall be designed to provide controlled velo-
cities between 0.5 and 1.0 feet per second with a minimum of
inlet and outlet turbulence.

Detention time in a channel shall be based on the size and
specific weight of the particles to be removed. The channel
must be long enough for a particle of 0.2 mm in size to
settle from the wastewater surface to the bottom of the
channel. A particle of this size will settle at about 1.0
inch per second. The design shall provide a minimum of two
channels operated in parallel with gates to independently
remove each channel from service.

Grit shall be removed from the basin by mechanical means.
The time and frequency of operation should be flexible and
controlled by the operator.

Suitable care shall be taken in the design to minimize the
amount of grit handling. If possible, the grit should be
discharged directly to a transfer vehicle.

Design of Aerated Type Grit Chambers

a.

Grit chambers which use air are affected less by fluctuations
in sewage flow than are channel type units. The reason for
this is that velocities within the chamber are established
by the air added to the chamber. The design is based upon
the rate of air addition required to establish flow veloci-
ties that will remove grit particles 0.2 mm and over while
not removing organic matter.

The minimum detention time in the chamber shall be 3 minutes
at the maximum design flow. ‘

Chambers should have a depth to width ratio of 2 to 1 or
larger and in no case shall be less than 1.5 to 1.

The minimum air requirement is 3 cubic feet per minute per
foot of chamber length when the total depth of the basin is
approximately 10 to 12 feet. Higher air rates per foot are
required for wider and deeper installations.

The location of the air diffusion tubes should be approxi-
mately two to three feet from the bottom of the chamber and
along its side, parallel to the wastewater flow, provided
that the total depth of the basin is approximately 10 to 12 .
feet.

Design of Vortex Grit Chambers

a.

The vortex grit removal chamber design incorporates an
impeller and a tangential inlet to provide a spiral flow



Primary Treatment
Adopted 8-17-78

pattern. The flow pattern moves the grit to a center chamber
for removal.

b. The detention time shall not be less than 1 minute at maximum
design flow. Flow velocities shall be bétween 1.0 and 2.0
feet per second.

c. Grit shall be mechanically removed via a screw conveyor Or
air lift pump.

d. The impeller shall be variable speed, adjustable between 10
and 45 revolutions per minute. The designer may or may not
wish to inject air to improve grit cleaning.

e. As more design information becomes available, the design
criteria for vortex grit chambers will be modified accord-
ingly.

8. Grit Removal

Grit chambers should be provided with mechanical or air lift grit
removal systems. Grit chambers located below ground level must
have mechanical grit removal equipment. A stairway or approved-

 type elevator or manlift, adequate ventilation and adequate
lighting must also be provided. In the design of grit removal
facilities, the designer should minimize the amount of effort
required for grit removal. In plants larger than 5.0 MGD, the
grit should be discharged directly via mechanical means to a
transport vehicle.

9. Grit Handling

Impervious surfaces with drains should be provided for grit
handling areas. These drains should drain back to the wastewater
treatment facility prior to any primary or secondary treatment
process. If grit is to be transported, the conveying equipment
should be designed to avoid loss of material and protect from
freezing.

Pre-Aeration and Flocculation

Pre-aeration of sewage before primary sedimentation is worthy of con-
sideration when either the incoming flow is septic or when high organic
strength and suspended solids may result in a septic condition. The
pre-aeration basin may be combined with an aerated grit chamber and
grit removal facilities in the first portion of the basin.

1. Arrangement
Pre-aeration units should be designed so removal from service

will not interfere with normal operation of the remainder of the
plant. ‘
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2. Design

a. Basin shapes should be coordinated with the type of aeration
equipment employed. Mechanical surface or turbine aerators
should utilize circular basins. Rectangular basins should
be used with diffused aeration. Care should be taken to
minimize short-circuiting. Cormers shall be filleted to
reduce solids depositions and facilitate circulation.

b. When coagulant aids are utilized, a minimum detention time
of 30 minutes must be provided. A desirable feature is a
short detention time - high energy input mixing basin for
coagulant aid dispersion. The mixing basin should have a
detention time no longer than 3 minutes.

c. A maximum primary treatment efficiency of 40 percent BOD
reduction may be allowed when pre-aeration is used. When
this BOD removal allowance is claimed, a minimum detention
time of 45 minutes must be provided for average design flow.

d. A minimum firm blower capacity of 1500 cubic feet of air per
100 cubic feet of wastewater shall be provided for diffused
air systems. A minimum of 1.0 horsepower per 1000 cubic
feet of wastewater shall be provided for mechanical aerators.

E. Sedimentation Basins

Note: Details pertaining to final clarifiers are covered in the
chapter entitled "Mechanical Biological Treatment".

1. Inlets

Inlets shall be designed to dissipate the inlet velocity, to
distribute the flow equally, and to prevent short-circuiting.
Inlet channels shall be designed to maintain a velocity of at
least two feet per second at average design flow. Cormer pockets
and dead ends must be eliminated in inlet channels.

2. Dimensions

The length-to-width ratio for rectangular basins should be greater
than or equal to 4 to 1. The minimum diameter for circular
clarifiers shall be 20 feet. The minimum length from flow inlet
to outlet should be 10 feet unless special provisions are made to
prevent short-circuiting. The liquid depth of mechanically
cleaned primary settling tanks shall be as shallow as practicable
but not less than 8 feet. The minimum depth of all settling
basins should be such that the sludge collector scraping mechanism
will be at least 6 feet below the water level.

3. Scum Removal

Effective scum collection and removal facilities, including
baffling, shall be provided ahead of the outlet weirs on all
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primary settling tanks. Provisions may be made for discharge of
scum with the sludge. Other provisions, such as incineration,
may be used to dispose of floating materials which may adversely
affect sludge handling and disposal. Scum baffles are required
around all effluent weirs.

Multiple Tanks

Multiple units shall be provided unless removal from service of a
single unit for repairs will not result in objectionable con-
ditions, physical damage, or adversely affect receiving stream
quality. Multiple units capable of independent operation shall
be provided for systems having a design population equal to or
greater than 10,000 P.E.

Protective and Servicing Facilities

All settling tanks shall provide easy access for maintenance and
protection to operators. If side walls are extended some dis-
tance above the ground level to provide flood protection or for
other purposes, convenient walkways must be provided to"facil-
itate housekeeping and maintenance.

Sludge Removal

Sludge storage prior to removal from the basin shall be in ap-
propriately located hoppers. Each sludge hopper shall have an
individually valved sludge withdrawal line at least 6 inches in
diameter. Sludge hoppers shall be accessible for maintenance
from the operating level. The minimum slope of the side walls of
sludge hoppers shall be 1.5 vertical to 1 horizontal. Clearance
between the end of the sludge drawoff pipe and the hopper walls
shall be sufficient to prevent "bridging" of solids. Hopper
bottoms shall have a maximum dimension*of 2 feet. The head
available for withdrawal of sludge shall be at least 30 inches if
removal is dependent upon gravity flow.

Positive displacement or progressing cavity pumps shall be pro-
vided for pumping primary sludge. Automatic control shall be
provided for sludge pumps and sludge collecting mechanisms.

"Detention Time, BOD Removal and Surface Overflow Rates

a. A minimum detention time of 2 hours is required at the aver-
age rate of flow. Not more than 30 percent BOD reduction
can be considered when designing subsequent units, unless
industrial wastes containing unusually high concentrations
of settleable organic solids are being treated. Requests
for variations to this guideline must be accompanied by
laboratory and/or pilot plant analysis.

b. The maximum surface overflow rate at average daily flow
shall be 1000 gpd/sq. foot.
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IX. MECHANICAL BIOLOGICAL TREATMENT

A. Trickling Filters

1.

Applicability

Trickling filters may be used where the wastewater is amenable to
biological treatment. Single stage rock media trickling filters
will not be approved for new facilities. Trickling filter influent
must be relatively free from settleable, floating, or suspended
solid matter which would tend to plug filter media interstices.

Trickling filters provide relatively good performance with a
minimum of skilled technical supervision. Trickling filters are
normally constructed in conjunction with a final clarifier to

" remove suspended solids.

Design Basis

‘a. Trickling filters are termed standard rate and high rate on

the basis of hydraulic and biological loading as follows:

Hydraulic Loading Organic Loading
Pounds BOD Pounds BOD5
Gallons per per 1000 cii. per acre ft:
sq. ft. per ft. of media of media per
day MGAD* per day day

Standard Rate 45-90 2-4 10-20 - 450-950

High Rate 250-700 10-30%* 30-100 1300-4300

*Million Gallons Per Acre Per Day
**Including Recirculation

b. High rate trickling filters may be used as a roughing filter
prior to further biological treatment. High rate systems
are capable of withstanding highly variable hydraulic over-
load conditions without significant deterioration of the
biological growth.

Design Calculations

A comprehensive discussion of all functional design calculations
used in sizing trickling filter facilities shall be included in
the facilities plan and/or be submitted separately for review and
approval. This discussion shall include the following:

a. Influent wastewater characteristics.

b. Temperature range of applied wastewater.

c. Pretreatment of the waste, if any.
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- d. Type of filter; two stage, standard rate or high rate,
artificial, wood or rock media.

e. Hydraulic and organic loading applied to the filter.

f. Recirculation - fatio and system.
g. Filter beds, volume, area and depth.
h. Media, type, specific weight, void space.

i. Aeration, underdrain and ventilation.

j. Equations used to compute treatment efficiency.
k. Degree of treatment.anticipated.

Distribution of Waste

Devices for distributing the wastewater shall be designed to
obtain uniform flow distribution over the surface of the entire
media. Flow distribution devices shall be designed to provide a
variation of less than 10 percent in the rate of liquid appli-
cation to different parts of the media surface under average
daily flow conditions.

Clearance

A minimum clearance of 12 inches should be provided between the
upper surface of the media and any moving parts of the distri-
butor arms.

Dosing

Dosing siphons or similar intermittent flow devices are required
to properly distribute flows for low rate filters when the use of
recirculation is absent. The maximum interval between dosings
shall not exceed 3 hours for low rate filters. The provision of
continuous application of sewage to the filter media is strongly
recommended by the use of recirculation. The surface of the
media of a high rate filter should be dosed at least once every

" minute.

Media
a. Quality

The media may be crushed rock, rounded gravel, redwood, or
specially manufactured artificial material. The media
should be durable to weathering, resistant to spalling or
flaking and be insoluble in the wastewater being treated.
The material should be free of fine particles, grease and
0il and also should be properly screened and/or washed to
remove dust and dirt before placement. '
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If rock media is used, the top 18 inches shall have a loss
by the 20-cycle, sodium sulfate soundness test of not more
than 10 percent. The balance of the media shall pass a
10-cycle sodium soundness test using the same criteria. All
tests shall be conducted as prescribed by ASCE 13. Syn-
thetic media shall be structurally stable and chemically and
biologically inert. Specific attention should be given to
the distribution pattern in artificial media.

Ab. Size

Rock and similar media shall be as uniform in size as poss-
ible and when tested with standard laboratory sieves having
square openings, shall conform to the following listed
gradings for both high rate and low rate filters:

Percent Retained Per Screen Size

Passing 4 1/2 inch screen 100% by weight
Retained on 3 inch screen 95% - 100% by weight
Passing 2 inch screen 0 - 2% by weight
Passing 1 inch screen 0 - 1% by weight

c. Depth

The minimum depth for the filter media shall not be less
than 6 feet for low rate and high rate filters. Depths of
up to 22 feet may be used for synthetic media. Use of
greater depths may be allowed based upon presentation of
additional engineering data.

d. Handling and Placing of Media During Construction

Material delivered to the filter site shall be stored on
wooden planks or other approved, clean, hard surfaces. All
material shall be rehandled at the construction site and no
material shall be dumped directly into the filter. Crushed
" rock and similar media shall be rescreened or forked at the
filter site to remove all fines. Such material shall be
placed by hand to a depth of 12 inches above the under-
drains. The remainder of the material may be placed by
means of belt conveyors or similar methods approved by the
engineer. Trucks, tractors, or other heavy equipment shall
not be driven over the filter during or after construction.

Underdrains

Underdrains of low rate filters should be sized to permit con-
version of the filter to a high rate system.

a. Subfloor

The floor of the filter shall be able to support the under-
drainage system, the filter media, and the water load. A
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minimum one percent gradient shall be provided for the sub-
floor to slope to a drainage channel.

Filter Block

Precast filter blocks, made of vitrified clay or concrete
should be used. The invert of the filter blocks is general-
ly semicircular and the minimum opening in the upper face
should be 20 percent of the surface of the block. Redwood
timbers resting on concrete sleepers can be used in the
place of filter blocks, when redwood media is provided.

Drainage Channel

The drainage channels shall provide capacity to carry the
flow from the underdrains and to admit air to the under-
drains for ventilation. Channels should be sloped to
provide a minimum flow velocity of 2 feet per second. The
water level in the drainage channel should be below the
bottom of the underdrain blocks during maximum flow
condition.

Ventilation

50% of the cross-sectional area of underdrain and drainage
channels should remain unsubmerged at maximum hourly flows.
The use of adjustable ventilation ports which may be
utilized for cleaning purposes is encouraged.

Structural Enclosure

a.

Walls

The media and underdrain system shall be enclosed by a
structure capable of holding water and designed to prevent
entrance of blowing foreign material. This structure may be
constructed of concrete, vitrified clay, concrete blocks, or
other approved material. The wall structure shall be de-
signed such that a cover, dome, etc., may be placed over the
trickling filter at a later date.

Freeboard

A minimum freeboard of two feet should be provided on the
structure wall to prevent splashing and to protect the dis-
tributor against buffeting from high winds.

Flooding

All filters, other than ones utilizing artificial media,
with a sidewall depth less than six feet should be designed
to permit hydraulic flooding of the filter media. This is
particularly important for low rate filters.
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Maintenance

All distribution devices, underdrains, channels, and pipes should
be installed so that they may be flushed, drained, and cleaned.
At least one cleaning port will be located in the sidewall of the
trickling filter such that the distributor arm(s) may be cleaned
without removal.

Recirculation

The use of effluent liquid recirculation is strongly recommended
to maintain an active biological growth at all times and to
increase overall efficiency. A proper recirculation ratio should
be selected for the design of the system (i.e., ratio of recir-
culated flow to the primary effluent).

a. Pumps for Recirculation

Adequate pumping capacity to pump the design rate of recir-
culation with a * 50 percent varying capacity should be
provided. A standby unit shall be provided when intervals
longer than 3 hours would occur between dosings without the
presence of recirculation.

b. Flow Measurement

A device to measure the recirculation flow shall be provided
accurate to within * 5%. ‘

’

Activated Sludge

1.

The activated sludge process and its various modifications may be
used where the wastewater is amenable to biological treatment.
The activated sludge process is a biological wastewater treatment
process in which a mixture of wastewater and biologically active
sludge is agitated and aerated. The activated sludge is subse-
quently separated from the mixed liquor by sedimentation and
wasted or returned to the process as needed. The most meaningful
division of this process can be made according to the flow regime
in the aeration tank. The two extremes are: (1) plug flow and
(2) complete mixing. The major modifications of the activated
sludge process included in this section are, the conventional
process, which operates in the plug flow regime; step aeration,
and contact stabilization which operate as an intermediate flow
condition between plug flow and complete mix; and complete mix-
ing. The completely mixed flow regime activated sludge process
includes a variety of systems ranging from the high rate process
to extended aeration. Examples of the foregoing variations are
shown in Figure I.

Specific Process Selection

The activated sludge process and its modifications may be applied
to accomplish varied degrees of removal of suspended solids and
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reduction of BOD. Choice of the process most applicable will
be influenced by the proposed plant size, type of waste to be
treated and degree and consistency of treatment required. All
designs shall provide for flexibility in operation. The process
requires competent operating supervision and routine laboratory
control.

Pretreatment

Where primary settling tanks are not used, effective removal of
excessive grit, debris, excessive oil and grease, and comminution
of solids should take place before the waste enters the aeration
basin by the provision of appropriate pretreatment facilities.
Design Calculations

A comprehensive discussion of all functional design calculations
used in sizing activated sludge treatment facilities shall be
included in the facilities plan and/or be submitted under sepa-
rate cover for review and approval.

This discussion shall include:

a. Influent wastewater characteristics.

b. Temperature range of wastewater.

Cc. Pretreatment of the waste, if any.

d. Hydraulic and organic loading applied to the aeration basin.

e. Ant1c1pated mixed liquor suspended solids level to be main-
tained in the aeration basin.

f. Aeration time.

g. Oxygen and mixing requirements for average and peak flows.
h. Recirculation and sludge wasting.
1. Degree of treatment anticipated.

j- Equation(s) used to compute treatment efficiency.
Aeration

a. BOD Removal

The activated sludge process and its modifications may be
expected to remove from 85 to 95 percent of the BOD applied
to the aeration tanks. If tertiary system design is ne-
cessitated, activated sludge should be used in the biological
portion.
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Aeration Tanks

The size of the aeration tank for any particular adaption of
the process should be determined by ratiomal calculations
based on such factors as the size of the plant, degree of
treatment desired, mixed liquor suspended solids concentra-
tions, BOD. loading to mixed liquor suspended solids ratio,
and final settllng basin provided. (See table on following
page.)

1. Dimensions of Aerationm Tanks

The dimensions of each independent aeration tank or
return sludge reaeration tank shall be such as to main-
tain effective mixing and utilization of air. Liquid
depths should not be less than 10 feet except in special
cases. For very small tanks or tanks with a special
configuration, the shape of the tank and the installation
of aeration equipment should provide for positive

control of short-circuiting through the tank.

2. Shape

The shape of the aeration basin is dependent upon the
type of aeration equipment provided. The goal of shape
selection is to maximize mixing and minimize solids’
deposition. In general, if diffused aeration is used,
rectangular tanks are recommended. If mechanical
aeration is used, a circular shape-~is recommended.

3. Multiple Units

Multiple tanks capable of independent operation are
recommended and shall be provided for all activated
sludge wastewater treatment installations serving a
design population equal to or greater than 10,000 P.E.

4. Inlets and Outlets
a. Controls

Inlets and outlets for each aeration tank unit
shall be equipped with valves, gates, stop plates,
weirs or other devices to permit controlling the
flow to any unit. The hydraulic properties of the
system should permit the maximum instantaneous
hydraulic load to be carried with any single
aeration tank unit out of service; provided, that
the design capacity is equal to or greater than
10,000 P.E.

b. Conduits

Channels and pipes carrying liquids with solids in
suspension shall be designed to maintain a minimum
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velocity of two feet per second or shall be agi-
tated to keep such solids in suspension.

c. Baffling

Care must be taken in the design to prevent the
entire basin contents from rotating while under
aeration. The use of baffles is recommended to
prevent rotation especially in circular basins.

5. Freebogrd

Normally all aeration tanks shall have a freeboard of
not less than 18 inches. Greater freeboard is de-
sirable. Suitable water spray systems or other means
of froth and foam control should be provided.

C. Aeration Equipment

1.

‘General

Oxygen requirements generally depend on BOD loading, degree of
treatment, waste characteristics, and the suspended solids con-
centration maintained in the aeration tank mixed liquor. Aeration
equipment shall be capable of maintaining a minimum of 2.0 mg/1

of dissolved oxygen under average design conditions. The aeration
equipment must be capable of maintaining 0.5 mg/l of dissolved
oxygen under all conditions. Suitable protection from the elements
shall be provided for electrical controls.

Aeration equipment shall be provided in duplicate witﬁ each

aeration unit equal to the total aeration requirement; or if two
units are utilized to supply total aeration requirements, a third
unit equal to the largest unit in service shall be supplied as
standby equipment. Where mechanical aeration is specified, the
minimum standby unit shall consist of the aerator motor and gear
reduction unit. Provision shall be made for rapid replacement in
case of mechanical failure.

Diffused Air. Systems
a. Air requirements shown in the following table will be con-
sidered normal requirements. In general, the requirements

previously outlined shall be met.

MINIMUM AIR TO BE APPLIED

Cubic Feet Per Pound

Activated Sludge BOD. Aeration Tank Load
Process (gtandard Pressure¥)
Conventional 1000
Step Aeration 1000
Contact Stabilization 1500
Extended Aeration 2000
Complete Mix 1500

*Based on five percent transfer efficiency.

10
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The preceding requirements assume equipment capable of
transferring at least 1.23 pounds of oxygen at STP (20°C
Temperature,0 mg/l D.0., 14.7 psia.) to the mixed liquor per
pound BOD. aeration tank loading. Additional requirements
for air 1ift pumps etc., shall be added to the above.

The specified capacity of blowers or air compressors, par-
ticularly centrifugal blowers, should take into account the
air intake temperature which may be expected to reach 40°C
(140°F) and the atmospheric pressure which may be as much as
10 percent less than normal. The specified capacity of the
motor drive should also provide for intake air temperature
as low as -25°C (-13°F). Heat damage to the motor under
these conditions should be prevented by either oversizing
the motor or by providing a means of reducing the rate of
air delivery.

The blowers shall be provided in multiple units, so arranged
and in such capacities as to meet the maximum air demand
with the single largest unit out of service. It is recom-
mended that the design also provide for varying the volume
of air delivered in proportion to the load demand of the
plant.

The air diffusion piping and diffuser system shall be capa-
ble of delivering 150 percent of normal air requirements.
The spacing of diffusers should be in accordance with the
oxygenation and mixing requirements throughout the length of
the channel or tank. The system should be designed to
facilitate adjustments of diffuser spacing without major
revision of air header piping. Diffusers shall also be
designed to permit removal for inspection, maintenance and
replacement without dewatering the tank and without shutting
off the air supply to other diffusers in the tank. Indi-
vidual diffusers shall be readily removable for cleaning and
maintenance purposes.

Individual assembly units of diffusers shall be equipped
with control valves, preferably with indicator markings for
throttling, or for complete shut off. Diffusers in any
single assembly shall have substantially uniform pressure
loss to provide that the pressure in the air main supplying
a tank should remain nearly constant throughout the length
of the tank. The drop in pressure should not exceed 1.5
inches of water from one end of the header to the other.

The compressor system shall be provided with a noise sup-
pression system to limit noise to 95 dB at a five foot
distance.

Air filters shall be provided in numbers, arrangement, and
capacities to furnish at all times an air supply sufficient-
ly free from dust to prevent clogging of the diffuser system
used. The minimum capacity of air filters should be adequate
to meet the blower capacity.

11
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Mechanical Aeration Systems

a. All components of the aeration unit shall be designed for
the expected conditions in the aeration tank in terms of the
proven performance of the equipment.

b. Consideration should be given to protecting, to the greatest
extent possible, the unit from excessive ice coating during
inclement weather.

c. Multiple mechanical aeration unit installations shall be so
designed as to meet air demand with the largest unit out of
service. Provision for rapid replacement must be provided.
The design should also provide for varying the amount of
oxygen transferred in proportion to the load demand on the
plant. If depth of submersion is an important criteria, the
aeration system shall be adjustable or the basin levels

-shall be readily controllable with regard to depth.

‘Turbine Aeration

a. If turbine aeration is proposed, the design engineer will
submit engineering data concerning the mixing, oxygen trans-
fer, efficiency, and other pertinent characteristics.

Mixing Requirements

a. For all systems, a liquid waste turnover time shall be
provided such that a minimum velocity of 1.0 fps is avail-
able at all points in the basin to prevent deposition of
solids.

Testing Requirements

Consideration should be given to the use of field testing of
mechanical and diffused aeration systems where the proposed
system is "new" technology, where manufacturer's data is limited,
or where the nature of the wastewater is critical. The Water
Pollution Control Section, Bureau of Water Quality may require
testing on larger installations or installations treating exotic
or critical wastewaters.

Oxidation Ditches

The oxidation ditch is a modified form of the activated sludge process
and may be classified in the complete mix extended aeration group.

This type of facility can produce BOD5 reductions of 90 percent or
greater.

1.

Pretreatment

There is normally no primary settling tank used in this process.
Bar screens and comminutors are required for the protection of
the mechanical equipment such as the rotors and pumps. If large
amounts of grit are present in the influent to the plant, a grit
chamber should be employed.

12
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Oxidation Ditch

The oxidation ditch forms the aeration basin where the wastewater
is mixed with return sludge.

a.

The volume of the oxidation ditch is to be sized on a mini-
mum of 75 cubic feet per pound of BOD. applied daily.
Regardless of the loading, the ditch Should have a minimum
detention time of 18 hours; 24 hours is recommended.

The ditch will be designed to operate at a minimum depth of
3 feet.

A minimum of 1 foot of freeboard is to be provided at maxi-
mum water depths.

The ends of the ditch should be well rounded to prevent
eddying and quiescent areas. The median strip should be
such that the radius of curvature is not severe. An exces-
sive radius of curvature increases the frictional resistance
and can retard the liquid flow. Baffling may be utilized to
aid the reduction of quiescent conditioms.

It is recommended that a trapezoidal cross-sectiomal be
employed. Vertical wall basins may be utilized depending
upon the design situation.

The ditch may take any linear shape as long as it forms a
closed circuit, and does not produce any eddies or dead
spots. Minimizing the number of bends in the ditch is
suggested.

A minimum velocity of 1 fps is to be maintained throughout
the length of the ditch. ’

The ditch will be constructed of concrete. The recommended
concrete thicknesses are a minimum of 4 inches in thickness
for ditches up to 5 feet deep and a minimum of 6 inches in
thickness for ditches deeper than 5 feet. Adequate reinforc-
ing wire mesh or steel shall be utilized.

If return baffles (concrete) are utilized, it is recommended
that they be placed immediately below the water surface to
reduce maintenance.

Rotor weight shall not be supported directly by gear re-
duction or motor equipment. Intermediate bearings between
dual rotor installations should not be utilized unless
sufficient protection and access to the bearing assembly is
provided.

Motors, gear reduction equipment, bearings, etc., shall be
protected from inundation and rotor spray.

13
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Rotor Aerators

a.

A minimum of two complete rotor installations (in place) are
to be provided such that a single rotor imstallation can
provide the average design oxygen demand. Both .rotor in-
stallations should provide the peak oxygen demand produced
by organic and/or hydraulic loads.

The rotors should be located such that a long stfaight
section is provided downstream of the rotor. The direction
of flow should be toward the long straight section.

Capabilities of either varying the water level or rotor sub-
mergence depth shall be provided. An adjustable effluent
weir is suggested. ‘

Final Sedimentation Tank

a.

The design criteria outlined in section F. of this chapter
shall apply.

Sludge Return

a.

b.

Provisions for sludge return shall be provided.

The return sludge pump should be sized to return at least
100 percent of the design flow. Consideration should be
given to regulating the rate of return sludge. ’

The return sludge should be introduced directly upstream of
the rotor(s) and downstream of the effluent withdrawal
point.

All excess sludge should be disposed of by means outlined in
the chapter entitled "Land Application of Wastewater Effluent
or Sludge".

Miscellaneous

a.

The wastewater influent should be introduced directly up-
stream of the rotor(s) and downstream of the effluent with-
drawal point.

Walkways across the ditch shall be provided for maintenance
of the rotor(s). Walkways shall not be placed directly
above rotor installations or close enough to be affected by
spray, ice, etc., or to hinder removal of the rotor.

Piping should be arranged such that the oxidation ditch or
the final clarifier may be bypassed, without the bypa551ng
of raw wastewater.

All designs for oxidation ditch facilities shall include
safety guard rails around the ditch interiors and exteriors.

14
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The guard rails shall be designed for easy removal where
necessary to remove or service rotor installations. The
guard rails should be designed to facilitate hosing or
scraping of the ditch sidewalls.

Rotating Biological Discs

1.

Applicability

The rotating biological contactor process may be utilized where
wastewater is amenable to biological treatment.

Primary Treatment Requirements

The minimum acceptable primary treatment prior to the rotating
contactor process shall be: screening, grit removal, and primary
clarification equipped with scum and grease collecting devices.
Bar screening and/or comminution are not suitable as the sole

means of pretreatment.

Housing

As a minimum, all rotating biological contactors shall be provid-
ed with a cover or be placed within an adequate enclosed structure.
Covers and structures shall be constructed of suitable corrosion-
resistant material. Concrete buildings will not be approved.

Design of buildings should consider condensation reduction measures,
such as insulation and/or heating.

Access

In general, access to each shaft shall be provided so that it may
be safely removed utilizing equipment reasomnably available to the
owner. (Covers shall be designed so that access to shafts and
shaft bearings and shaft removal will not be impaired. Buildings
shall be equipped with doors of sufficient size to permit entrance
of necessary maintenance vehicles and removal of shafts.

Sizing Criteria

Design standards, operating data and experience for this process
are not well established. Project submittals considering the use
of this type of system shall include the latest design infor-
mation available. In determining unit sizing, the following
parameters should be considered:

a. Design flow rate and primary effluent waste strength.
b. Percentage of BOD5 to be removed.
c. Media arrangement, including number of stages and unit area

in each stage.

d. Rotational velocity of the media.

15
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e. Retention time within the tank containing the media.

f. Wastewater temperature.

g. Percentage of influent BOD5 to the process which is soluble.
Final Sedimentation Tanké

The requirements of Section F of this chapter shall apply.

Final or Secondary Sedimentation Tanks

1.

General

Final or secondary sedimentation tanks are utilized after a bio-
logical treatment process to remove and concentrate suspended
solids. The solids may be returned to the process or disposed of
via sludge handling facilities.

Inlets, Sludge Collection and Sludge Withdrawal Facilities

Inlets, sludge collection and sludge withdrawal facilities shall
be so designed as to minimize density currents and assure rapid
return of sludge to the aeration tanks.

Number of Units

Multiple tanks capable of independent operation—are desirable and
shall be provided for all installations serving a design popu-
lation equal to or greater than 10,000 P.E.

Scum-Removal

Effective baffliﬁg and scum removal equipment shall be provided
for all final settling tanks.

Surface Skimming

Surface skimming capabilities shall be provided for all final or
secondary tanks.

Depth

The minimum sidewater depth for final settling tanks shall not be
less than 10 feet.

Capacity

Since the rate of recirculation of return sludge from the final
settling tanks to the aeration or reaeration tanks is quite high
in the activated sludge processes, the detention time, surface -
overflow rate and weir overflow rate should be adjusted for the
various processes to minimize problems with sludge loadings,
density currents, inlet hydraulic turbulence, and occasional
poor sludge settleability. The following minimum design para-
meters should be observed. (See Figure II.)

16
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8. Return and Waste Sludge Equipment (Following Activated Sludge
Facilities)

a. Return Sludge Rate

The minimum permissible sludge return rate from the final
settling tank is a function of the concentration of suspended
solids of the incoming mixed liquor, the sludge volume index
of these solids, and the length of time the solids are
retained in the settling tank. Since undue retention of
solids in the final settling tanks may be deleterious to
both the aeration and sedimentation phases of the activated
sludge process, the rate of sludge return should generally
be variable. The maximum rate of sludge return capability
expressed as a percentage of the average. design wastewater
flow shall, as a minimum, be in the range of 75 to 100
percent. The rate of sludge shall be varied by means of
variable speed motors, drives, or timers (small plants)
attached to the sludge pumps.

Devices shall be installed for indicating flow rates of
wastewater primary effluent and return sludge to each tank
unit. For plants designed for wastewater flows of 1.0 MGD
or more, these devices should totalize and record as well as
indicate flows. Where the design provides for all return
sludge to be mixed with the raw wastewater (or primary
effluent) at one location, then the mixed liquor flow rate
to each aeration unit should be measured.

b. Return Sludge Pumps

If motor driven return sludge pumps are used, the maximum
return sludge capacity shall be obtained with the largest
pump out of service. A positive head should be provided on
pump suctions. Pumps should have at least 4-inch suction
and discharge openings.

If air lifts are used for returning sludge from each set-
tling tank hopper, no standby unit will be required provided
the design of the air 1lift is such as to facilitate their
rapid and easy cleaning and provided other suitable standby
measures are furnished. Air lifts should be at least 3
inches in diameter.

c. Return Sludge Piping

Suction and discharge piping should be at least & inches in
diameter and should be designed to maintain a velocity of
not less than 2 feet per second when return sludge facili-
ties are operating at normal return sludge rates. Suitable
devices for observing, sampling and controlling return
activated sludge flow from each settling tank shall be
provided.

18
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Waste Sludge Facilities

Waste sludge facilities shall be provided for all activated
sludge units. Drying beds and a liquid sludge loading
apparatus shall be provided as a minimum. Deviations will
be approved only on a case by case basis.

Waste sludge control facilities should have a maximum capaci-
ty of not less than 10% of the average rate of waste-

water flow and should function satisfactorily at rates of
0.5% of average flow or a minimum of 10 gallons per

minute, whichever is larger. Means for observing, measuring,
sampling, and controlling waste activated sludge flow shall
be provided. Waste sludge may be discharged to primary
settling tanks, concentration or thickening tanks, sludge
digestion tanks, vacuum filters, sludge loading facilities

or any practical combination of these units.

19
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X. WASTE STABILIZATION PONDS

A.

General

Waste stabilization ponds can be defined as shallow man-made basins
utilizing natural processes under partially controlled conditions for
the reduction of organic matter and the destruction of pathogenic or-
ganisms in wastewaters.

Waste stabilization ponds can be divided into the following three
types:

a. Anaerobic Pretreatment Unit - includes ponds in which the whole
liquid content is anaerobic.

b. Aerobic or Facultative Pond - includes ponds in which the majority
of the liquid content is aerobic. May be discharging or non-
overflowing.

c. Aerated Ponds - includes ponds which are artifiqially aerated by

surface or subsurface aeration devices.

Waste stabilization ponds are considered adequate treatment only when
they are designed to produce the quality of effluent as is required by
the Water Pollution Control Section, Bureau of Water Quality. Anaerobic
ponds used for treating raw wastewater must be followed by multiple
cell aerobic ponds.

1. Facilities Plan .

When ponds are selected as the design recommendation, the facili-
ties plan and design plans and specifications shall include the
information required in the chapter entitled "Soils". For non-’
overflowing ponds, information must be presented in the facilities
plan demonstrating the relationship between inflow, precipitation,
evaporation and seepage for both winter and summer conditioms.
Ideally, the ponds should gain liquid depth slightly in winter

and lose an equal amount in summer at design operational levels.

2. Location
a. Distance from Habitation

A waste stabilization pond site should be as far as practi-
cable from habitation or any area which may be built up
within a reasonable time period. The minimum distance from
existing habitations, served habitations, and property lines
for waste stabilization ponds is included in the chapter
entitled "General Design Considerations".

b. Prevailing Winds
If practicable, waste stabilization ponds should be located

so that the local prevailing winds will be toward uninhabit-
ed areas. Preference should be given to sites which will



B.

3.

Waste Stabilization Ponds
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permit an unobstructed wind sweep across the ponds, but care
should be taken to prevent excessive erosion resulting from
wave action.

c. Surface Runoff

Location of ponds in watersheds receiving significant amounts
of runoff water is not permitted unless adequate provisions
are made to divert stormwater around the pond and protect

all embankments.

d. Groundwater Pollution

Proximity of ponds to water supplies and other facilities
subject to contamination and location in areas of porous
soils and/or fissured rock formations should be critically
evaluated to avoid creation of health hazards or other
undesirable conditions. ‘

A minimum of 10 feet between the bottom of a waste stabil-
ization pond and the average annual elevation of the ground-
water table shall be provided. Where such separation cannot
be provided, an artificial liner conforming to ASTM D3083
and 30 mills in thickness or a 1 1/2 foot clay blanket shall
be utilized. The clay blanket shall be tested and compacted
as required in the chapter entitled "Soils™. Test results
shall be submitted verifying that the resultant water loss
through the layer is essentially zero.

Basis of Design ' .
a. The maximum organic loads, minimum detention times, and

operational depths for waste stabilization ponds shall be as
indicated in the table on the following page.

Anaerobic Ponds

1.

Anaerobic ponds shall not be utilized for municipal water pollu-
tion control facilities. Normally, anaerobic ponds are utilized
for industrial wastes such as meat packing wastes. The suit-
ability of anaerobic ponds for a particular application will be
considered only on a case-by-case basis. Anaerobic ponds must be
followed by aerobic wastewater treatment facilities. Care must
be taken in the design of the aerobic wastewater treatment .facil-
ities so as to adequately treat the ammonia portion of the waste
so that excessive ammonia will not be discharged to the stream.

Water loss through embankments and bottoms of anaerobic ponds
must be less than 1/8 inch day. A clay liner of at least two
feet or an impermeable membrane is desirable. Construction may
be of reinforced concrete or a suitable man-made material. An
artificial liner of materials other than concrete must be at
least 30 mills in thickness and conform to ASTM D 3083. The
artificial liner must be impervious to grease and oils, and be
resistant to deterioration by sunlight.
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3. A minimum of two anaerobic ponds shall be provided to be operated
either in series or parallel.

4. The inlet to an anaerobic pond shall be in the lower one-third of
the depth. The inlet line must be easily cleaned and preferably
situated so that bottom sediments cannot plug the inlet line.

5. The outlet structure must be baffled so that surface scum will

not carry over. The outlet device must be designed to facilitate
easy cleaning.

6. Special care must be taken to locate the facility as far as
possible from all residences, commercial developments and work
areas. If possible, the prevailing wind should be away from
inhabitated areas.

7. Inner side slopes should be 2%:1. Outer slopes should be 3%:1.
Aerobic or Faculative Waste Stabilization Ponds

Aerobic or faculative waste stabilization ponds may be (a) nonover-
flowing or evaporative, (b) controlled discharge, or (c) discharging.

1. Non-Overflowing or Evaporative Type Ponds

A non-overflowing or evaporative type pond is dependent upon
evaporation and limited water loss through embankments and bottoms
to maintain a non-overflowing condition. As a consequence, the
hydraulic consideration not the organic loadings, will control
the design the majority of the time. Non-overflowing designs are
usually desirable in the western one-half of the state if suf-
ficient land is available.

a. Number of Cells

A minimum of two cells must be provided. The cell area
should be designed so that 60% of the surface area is allo-
cated to the primary portion and the remaining area to the
secondary cell. The design engineer may wish to provide
multiple cells, but the basic proportional split (60% primary,
40% secondary) should remain unchanged. If large increases
in contributing population are anticipated during the design
period, the addition of a third cell should be considered.

b. Land Application (Irrigation) of Excess Wastewater

In order to maintain a facility in a non-overflowing cate-
gory, irrigation may be utilized. Irrigation is not recom-
mended for facilities with less than a 500 P.E. design.

Land application of effluents is covered in more detail in
the chapter entitled "Land Application of Wastewater Effluent
or Sludge".
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Discharging Waste Stabilization Ponds

Discharging waste stabilization ponds depend upon lengthy deten-
tion times to stabilize the wastewater. The ponds may discharge
continuously but must be designed to produce the quality of
effluent that is required by the Water Pollution Control Section
Bureau of Water Quality. '

)

a. Design Basis
Discharging lagoons may be designed on the following basis:

i. Three Cells; two treatment cells based on 34
1bs./BOD_./ Acre/Day (at the 5 foot level), with a
60-40% split between the primary and secondary
cell.

ii.  The third cell may be 8-10 feet deep.

iii. Effluent baffling must be provided and/or multiple
draw off points utilized, to reduce algal release.

iv. Total storage (bottom to operational levels) must
be at least 120 days, based on average design flow
with no losses.

v. The treatment cells should be piped for series and
parallel operation. The third cell should be
piped to operate in series only with Cells 1 and

) 2, Cell 1, or Cell 2. Introduction of raw waste-
' water into Cell 3 is prohibited.

vi. This design will not require the use of algal
reduction measures other than those listed above.
Federal grant applications for .new lagoons and for
those upgrading projects that are justified for
reasons in addition to suspended solids may use
this design procedure.

b. Controlled Discharge of Waste Stabilization Ponds

A controlled discharge waste stabilization pond is designed
on an organic basis similar to continuously discharging
ponds, but a minimum of two holding cells shall also be
utilized following the primary cells.

A minimum of two treatment cells shall be designed on an
organic basis as required for continuously discharging waste
stabilization ponds. A minimum of two holding cells shall
be designed into the system so that the entire facility
(including all cells) shall have a minimum storage of 120
days above the two (2) foot level. Each holding cell must
have a minimum storage of 14 days above the two (2) foot
level and may be up to eight (8) feet deep.
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Effluent drawoff locations, elevations and baffling shall be
designed so as to minimize solids discharged in the effluent.

Aerated Ponds

There are two types of artificially aerated ponds, facultative and
complete mix. For the purposes of this document, facultative aerated
ponds are defined as those ponds with sufficient mixing to provide
uniform oxygen dispersion throughout the pond without maintaining all
solids in suspension. In this mode, some deposition of solids and
some anaerobic processes will occur at the pond bottom. Complete mix
ponds will be defined for the purposes of this document as those having
adequate mixing to maintain all solids in suspension and provide
uniform oxygen dispersion.

The design criteria for artificially aerated ponds will be as follows:
1. Facultative

Cell No. 1 - aerated cell, cell volume based on 70% BOD. removal
under winter operating conditions, water depths up to 15 feet,
aeration to be based on oxygen demand and oxygen dispersion. A
minimum of 6 horsepower per million gallons will be required for
mixing.

Cell No. 2 - aerated or unaerated cell. Aerated cell - sizing of
cell to be based on remaining BOD. to be removed (5 days minimum),
water- depths to 12 feet, aeration to be based on oxygen demand
and dispersion. Unaerated cell - sizing of cell to be based on a
maximum surface loading of 34 1lbs. BODs/acre/day, water depths to
S feet.

Cell No. 3 - unaerated cell, cell volume based on 3 to 5 days
maximum detention at average design flows, water depths to 12
feet, and a minimum of three effluent draw-off levels to be
provided. A minimum water depth of 8 feet will be required.

2. Complete Mix

Cell No. 1 - aerated cell, cell volume based on 1 to 3 days
aeration at average design flows, water depths up to 12 feet,
aeration to be based on oxygen demand (may be developed from
complete mix activated sludge equations without recirculation),
and mixing requirements. A minimum of 60 horsepower per million
gallons will be required for mixing.

Cell No. 2 - aerated cell - sizing of cell to be based on remain-
~ ing BOD. to be removed (5 days minimum), water depths to 12 feet,
aeratiol to be based on oxygen demand and dispersion.

Cell No. 3 - unaerated cell, cell volume based on 3 to 5 days
detention at average design flows, water depths to 12 feet, and a
minimum of three effluent draw-off levels to be provided. A
minimum water depth of eight feet will be required.
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General

a.

Flexibility - the systems must be designed to operate normally
in series. However, flexible piping for emergency operation
conditions will be required. Systems utilizing flow recircu-
lation will be considered on a case-by-case basis.

Slope Protection - See Section E.2.e. of this chapter

Aeration Equipment Placement - aeration equipment in primary
cells must be installed near influent lines to maximize
mixing of and oxygen transfer to the incoming wastewater.

Conversion of Existing Pond Systems - Modificatioms to
existing systems will in general conform to the requirements
for new systems as discussed above. Minimum and maximum
detention times will generally be as required for new systems,
and three cells will be required. Minimum required depths

for the third cell will not apply.

Flow Measurement - As a minimum, a weir installation for
both the influent and effluent must be provided for aerated
ponds.

Separation Distances - Facultative mix ponds will be subject
to the same requirements as aerobic ponds. Complete mix
ponds will be subject to the same requirements as activated
sludge facilities.

Standby Equipment - Aeration equipment shall be provided in
duplicate with each aerator equal to the total aeration
requirement; or if two aerators are utilized to supply total
aeration requirements, a third aerator shall be supplied as
standby equipment with an aeration capacity equal to one-half
the total aeration requirement.

Construction Details

Flexibility

All waste stabilization ponds should be designed to maximize
operator flexibility. The operator should be able to discharge
raw sewage to all primary cells and be able to remove cells from

'service for routine maintenance or emergency repair.

Gravity drains for cells in the system will not be approved
unless gravity drainage is to another cell in the system.

Embankments

a.

Excavation and Compaction

For excavation and compaction requirements, see the Chapter
entitled "Soils™.
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Top Width

The minimum embankment top width should be 8 feet to permit
access of maintenance vehicles, except for lagoons with a
capacity of less than 25 population equlvalent where a
minimum of 5 feet may be provided.

Slopes

Embankment slopes should be 3:1 or 3%:1 horizontal to vertical.
Deviations, either steeper or flatter, must be fully justified
prior to initial design.

Freeboard

Minimum freeboard shall be 3 feet except for ponds with a
capacity of less than 25 population equivalent, where a
minimum of 2 feet may be provided.

Erosion Protection ]
Erosion protection for all waste stabilization pond structures,
regardless of size, shall be considered. Erosion protection
via the use of concrete or asphaltic aproms, baffles, stone
rip-rap, or artificial membranes shall be utilized on pond
cells of 3.0 acres or larger such that the windward embank-
ment slopes affected by the prevailing wind(s) will be
protected. Consideration should be given to the Southwester-
ly and Northwesterly wind directions in most instances.

Aerated pond cells shall have slope protection on all embank-
ments if the treatment concept is designed on a complete mix
basis. If the aerated pond is designed on a facultative
basis, slope protection will be provided for all windward
slopes of prevailing wind(s) and may be required on the
remainder of the embankments depending upon the size and
characteristics of the aeration equipment.

Proper soil sterilization techniques should be utilized with
the construction of any erosion protection devices. The
entire area under the erosion protection materials must be
sterilized regardless of the material used.

Stone rip-rap should not be smaller than two inches in
diameter nor larger than five inches in diameter.

Placement of rip-rap or other erosion protection devices
should be such that quiescent areas, conducive to mosquito
breeding, are not formed.

Vegetation Control

The application of an approved type of soil sterilant shall
be specified which when used in compliance with the manu-
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- facturer's recommendations will prevent vegetation growth
over the bottom of the pond and up to the maximum water line
on the embankments.

g. Seeding

Embankments shall be seeded from the outside to the maximum
water line on the embankments. Perennial type short rooted,
low growing, spreading grasses which withstand erosion and
can be kept mowed are most satisfactory for seeding of
embankments. Recommended varieties are: Brome, Fescue,
Rye, Blue Grass and Buffalo Grass. All other disturbed
areas other than those areas sterilized as required above
should also be seeded.

Shape

The shape of all cells shall be such that there are no narrow or
elongated portions. Round, square, or rectangular ponds with a

length not exceeding three times the width are considered most
desirable. No islands or coves shall be permitted. Embankments
should be rounded at corners to minimize accumulations of floating -
materials and to facilitate grass mowing.

Influent Lines

a. Material

Any generally accepted material for underground sewer con-
struction with mechanical or solvent welded joints shall be
used for the influent lines to the pond. The material
selected should be adapted to local conditioms.

b. Location

Influent lines shall be located along the bottom of the pond
and secured to the bottom of the pond so that the flow line
is near the average elevation of the pond bottom. This line
can be placed at zero grade. Surcharging of the sewer up-
stream from the inlet manhole is not permitted. A minimum
of 6 inches between the bottom elevation of the inlet struc-
ture and the maximum operational water level in the lagoon
must be provided.

c. Point of Discharge

The influent line should be situated to maximize the hori-
zontal distance from the inlet to the outlet. In the design
of non-overflowing waste stabilization ponds, the inlet
lines should terminate in the approximate center of the
pond. ‘
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Discharge Apron
The end of the discharge line shall be secured to a suitable

concrete apron. The minimum size of this apron shall be 2
feet square.

5. Overflow Structures, Interconnecting Piping & Draining of Ponds

a.

Material

Any generally accepted material for underground sewer con-
struction with mechanical or solvent welded joints shall be
utilized for interconnecting Piping and effluent lines.

Overflow Structure

Overflow structures should consist of a manhole or a concrete
box equipped with multiple-valved drawoff lines or an adjust-
able overflow device so that the liquid level in the pond

can be adjusted. The lowest of the drawoff lines to such
structures should be located at least 6 inches off the pond
bottom to avoid pickup of deposits and prevent erosion.
Overflow from the pond during ice-free periods should be
taken near, but below, the water surface to withdraw the

best effluent and insure retention of floating solids. Scum
baffles are recommended to improve effluent quality.

Interconnecting Piping

Interconnecting piping for multiple unit installations
operated in series should be valved or provided with other
arrangements to regulate flow between structures and permit
flexible depth control. The interconnecting pipes should
discharge horizontally near the pond bottom to minimize the
need for erosion control measures and should be terminated
as near the dividing dike as construction permits. The
piping shall allow the system to be operated in parallel or
series operation. Interconnecting piping shall be supported
and be provided with splash blocks.

6. Rock Filters

Rock Filters are utilized as a method of total suspended solids
control in waste stabilization pond effluents. They are accep-
table for use in conjunction with nom-aerated ponds and non-
aerated ponds used as followup cells for aerated pond systems.

Thg filter material shall be loaded no greater than 3 gal./day/
ft

Filter rock shall be a uniform size from 3-5 inches in diameter
with the following gradation limits: :

10
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Sieve Size (in.) - % Passing

100

90-100

' 40-50

/2 0-2

=W~ D)

2

The filter shall extend a minimum of 1 foot above the water
surface. The effluent collection pipe must be so comstructed as
to minimize plugging. The filter material should be placed in a
manner to circumvent damage to effluent collection lines. The
material used for the filter media should be resistant to freeze-
thaw cycles. o

Miscellaneous
a. Fencing

The pond area shall be adequately fenced to provide for
public safety, to prevent trespassing, and to prevent live-
stock entrance. A vehicle access gate of sufficient width
to accomodate mowing equipment should be provided. The
gates should be provided with locks. Waste stabilization
ponds should have at least a 4 foot, hog-tight, woven wire
fence (minimum 36 inches with two strands of barbed wire to
48 inches).

b. Warning Signs

Appropriate signs shall be provided along the fence around
the pond to designate the nature of the facility and advise
against trespassing. A minimum of one sign shall be provided
on each side of the fenced area.

c. Flow Measurement
See the chapter entitled "General Design Considerations".
d. Depth Measurement

A device permanently installed to allow easy observation of
pond operational depths for all cells for all types of ponds
is required. The use of a calibrated mast, pipe, or inclined
concrete section of the dike may be used. If a calibrated
mast or pipe is utilized, the mast or pipe shall be adequately
anchored. Wooden staff gauges will not be approved. The
outlet structure may also be utilized if properly and perm-
anently calibrated.

11
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XI. SLUDGE DIGESTION AND PROCESSING

A.

Anaerobic Sludge Digestion

1.

The anaerobic digestion process is utilized in wastewater treat-
ment to reduce the sludge volume and volatile content and to
provide stabilization. The process is efficient and demands
little operational expense. This section contains information
relative to single stage digestion, two stage digestion and high
rate digestion. '

Anaerobic digestion units are designed on the basis of organic
loading per cubic feet of digestion capacity. Whenever possible,
the design information should be obtained from chemical analysis
and measurement of the type and volume of wastewater and/or
sludge to be treated. If this design approach is not feasible,
the following estimates may be utilized for design purposes:

lbs./capita/day

Type of Sludge (Dry Weight Solids)

Primary Sludge 0.12
Standard Rate Trickling Filter Sludge 0.05
High Rate Trickling Filter Sludge 0.07
Waste Activated Sludge } 0.08
Combination of Primary & Secondary Sludges 0.17 - 0.20

These generalized factors are based on the assumption that (a)

the digestion process will be heated and maintained in the temper-
ature range of 85-96° (29-25.5°C), (b) the percentage of volatile
solids will be assumed to be 0.70 (70%) of the dry weight solids,
(c) digested sludge will be removed at regular intervals, (d) the
digester will be reasonably well mixed, and (e) the sludge 1is
principally domestic with no significant industrial contributors.

Design Criteria

a. Where the character and volume of the wastewater and the re-
sultant sludges is known, the total digestion tank loadings
and calculations should be determined by ratiomal calcula-
tions based upon such factors as: volume of sludge to be
treated, total solids comcentration, volatile solids con-
centration, temperature, mixing, desired volatile solids
reduction, further treatment and/or disposal of digested
sludge, and further treatment and/or disposal of supermatant
liquors. Appropriate calculations and references should be
sumbitted to justify the basis for design. The following
information is presented to serve as guidelines for the
anaerobic digestion process.
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High Rate
Parameter Standard Rate (Mixing Required)
Solids Retention Time (SRT), days 30 to 60 10 to 20
'Solids Loading, 1b. VSS/1000 cu. ft/day 40 to 100 100 to 400
Volume Criteria, cu. ft/capita
Primary Sludge 2 to 3 1-1/3 to 2
Primary Sludge + Trickling
Filter Sludge 4 to5 2-2/3 to 3-1/3
Primary Sludge + Waste Activated
Sludge 4 to 6 2-2/3 to 4
Combined Primary + Waste Biological
Sludge Feed Céncentration, percent
solids (dry weight basis) 2 to &4 4 to 6
Digester Underflow Concentration,
percent solids (dry weight basis) 4 to 6 4 to 6

As noted, the high rate process requires considerably less detention time
and volume, and operates successfully with a higher solids loading when
compared to the standard rate (conventional) process. This is attributed
to the greater use of the digestion tank for biological activity and im-
proved mixing.

b. Limited Mixed and Heated Systems

For digestion systems providing limited mixing through
sludge recirculation only, the system may be loaded up to
100 pounds of volatile solids per 1000 cubic feet of volume
per day in the active digestion units. The minimum sludge
retention time shall be 30 days for limited mixed and heated
systems.

c. Effectively Mixed and Heated Systems

For digestion systems providing effective mixing (in a form
other than sludge recirculation), the system may be loaded
up to 400 pounds of volatile solids per 1000 cubic feet of
volume per day in the active digestion units. The minimum
sludge retention time shall be 10 days for effectlvely leEd
and heated systems.
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4. Design Details

a.

Safety

Non-sparking tools, rubber soled shoes, safety harness, gas
detectors for inflammable and toxic gases, and gas masks of
the oxygen type shall be provided.

Multiple Units

Multiple tanks capable of independent operation are recom-
mended and shall be provided for all installations serving a
design population equal to or greater than 10,000 P.E.

Where a single digestion tank is used, a storage tank for
emergency use shall be provided so the digestion tank may be
taken out of service without unduly interrupting plant
operation.

Where multiple units are provided, each unit should be de-
signed to serve as either a primary or secondary digestion
tank. The primary digester is the active biological reactor.
The secondary digester provides sedimentation for the con-
centration-of the digested sludge and formation of a rela-
tively clear liquor zone for supernatant drawoff. Combina-
tion of several digestion units shall provide a minimum of
three days detention period in the secondary or sedimenta-

‘tion units.

Depth

The proportion of depth to diameter should provide for a
minimum of six feet storage depth for supernatant liquor.

Slope

The tank bottom should slope to drain toward the sludge
withdrawal pipe. For tanks equipped with sludge scraping
mechanisms, minimum bottom slopes of 1 vertical to 12 hori-
zontal should be provided. A bottom slope of 3 to 12 should
be provided for tanks without sludge scraping mechanisms.

Sludge Inlets and Outlets

Two or more sludge inlets and withdrawal ports and a minimum
of two recirculation suction and discharge points shall be
provided unless adequate mixing facilities are located
within the digester. One inlet should discharge above the
liquid level and be located at approximately the center of
the tank to assist in scum break-up. Raw sludge inlet dis-
charge points should be located to minimize short-circuiting
to supernatant withdrawal points. :
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Digestion Tank Heating

1.

All anaerobic digestion systems must be heated through
the use of external sludge heating methods. Piping
shall be designed to allow preheating of feed sludge
prior to the introduction into the digester tank. The
heating system should be capable of allowing a temper-
ature of at least 90°F (32°C) to be maintained at all
times. This capacity is in addition to all other
heating requirements.

Mixing Valves

A suitable mixing valve shall be provided to temper the
boiler water with heat exchanger bath so that the inlet
water to the heat exchanger can be held to a tempera-
ture of 140°F (60°C) or less. Manual control should
also be provided by suitable bypass valves where auto-
matic valves are installed.

Boiler Controls

The boiler shall be provided with suitable automatic
controls to maintain the boiler temperature at 180°F
(82°C) or more, to minimize corrosion, and to shut off
the main gas supply in the event of pilot burner or
electrical failure, low water level or excessive tem-
peratures. )

Thermometers
Thermometers shall be provided to indicate temperatures

of the sludge in the digester, sludge feed, sludge re-
turn, hot water return, and boiler water.

Mixing

1.

Effective mixing of the anaerobic digester may be pro-
vided by means of mechanical mixing equipment. Alter-
native proposals will be considered.

Certification of mixing capacity through field testing
prior to owner acceptance should be provided. The
certification must indicate pumpage rates and the
actual measured tank turnover time.

Each digestion tank with mixing capability shall have
sufficient mixing equipment or flexibility to insure
that the total capability for mixing is not lost with
the loss of any one piece of mixing equipment. The
provision for uninstalled standby mixing equipment on
site will be permitted.
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Access Manholes

1. At least two (2) access manktoles, thirty (50) inches in
diameter or larger, should be provided in the top of
each digestion tank in addition to the gas dome. One
access manhole should be located over the supernatant
withdérawal piping.

2. At least one access manhole, large enough to permit the
use of mechanical grit removal equipment, zfould be in-
stalled in the sidewall of each digestion tank.

3. All access manholes shall be provided with gas tight
and watertight covers.

5. Gas Collection, Piping and Appurtenances

a.

General

All portions of the gas system including the space above the
digestion supernatant, the storags facilities, and the
piping shall be designed so the gas will be maintained under
pressure under all normal conditious, including sludge
withdrzwal. All enclosed areas where gas leakage might
occur shall be adequately ventilated.

Safety Equipment

Prassure and vacuum relief valves, flzme traps, and auto-
matic safety shut-ofi valves are essential components in
the gas collection system. Water seal equipment skall not
be installed. ' ’

Gas Piping and Condensate

Gas piping should be sized for three to four times the
average gas production rate and ia no case shall be less
than 2 1/2 inches in diameter and shall slope to condec-
sation traps at low points. A minimum of 2 percent slope
shall be provided. The maximum velocity in sludge gas
piping should not be more than 12 fps. The use of float
controlled condensate traps is not permitted. All gas lines
should be kept above ground and color coded.

aQ k1,09

Gas Utilization Equipment

Gas burning boilers, engines, or other sludge gas utili-
zation equipment should be located at ground level, and
provided with continuous forced ventilation rooms. Gas
lines to these units shall be provided with suitable flame
traps.
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A gas meter with bypass should bte provided to meter total

gas productien

f. Waste Cas

Waste gas burners shall be readily accessible aad should be
located at a safe distance from buildings. Gas lipes for
wasting gas shall be provided with flame traps.

g. Electrical Fixtures

Electrical fixtures in enclnsed places where gas may ac-
cumulate shall comply with the Natienal Board cf Fire
Underwriters specifications for hazardous cozditions.

k. Ventilation

Any underground enclosure concecting digestion tanks cor
centaining sludge or gas piping or equipment shall be pro-
vided with corticurous forced ventilatican. Tight fitting
self-closing doors should be provided at connecting cassage-
ways and tunnels to minimize the spread of gas.

5. Superrnatant Piping
a. Supernatant piping will have a minimum diameter >f six {6)
inches.
b. The supernatact must either be returned tc the treatment

process or to a suitable alternative treatment procass. Any
alternative treatment process sball be presented ir detail.

c. Superuatant piping should be arranged so that withdrawal can
be made from three (3) or more levels.

d. A positive unvanted and unvalved overflow shall be provided.

Aerobic Sludge Digesticn

1. Single and Multiple Tanks

Multiple tanks shall be provided at plants havicg a capacity
equal to or greater than 10,000 2.E.

2. Mixing

Effective mixing of
mechanical aeration
15 minutes turnover

the aerobic digester can be provided by both
or diffused aeration equipment. A minimum of
time for the entire digestion tank contents

of sludge must be provided. Certification of mixing capacity by
field testing before the owner accepts the system stall also be

provided.

O~
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The aeration equipment, including the air diffusion piping and
diffuser system, shall be similar to those used in the activated
sludge process.

Size and Number of Tanks

The size and number of aerobic sludge digestion tanks should be
determined by rational calculations based upon such factors as
size of the plant, volume of sludge added per day, percent of
solids in raw sludge, percent reduction of volatile solids re-
quired, and the volume of sludge storage provided. Aerobic
sludge digesters should be sized to provide a minimum of 10 days
sludge retention time at 20°C. The production of stabilized
sludge is the primary concern in determining the volume needed in
sludge digestion.

Unless calculations are submitted to justify the désign, the fol-
lowing minimum design parameters shall govern:

a. The minimum capacity of the aerobic digestion tank shall be
3.0 cubic feet per capita served.

b. The minimum volume of air supplied should not be less than
20 CFM (at STP) per thousand cubic feet of digester liquid
volume.

c. The aeration system shall be capable of transferring a mini-
mum of 3 mg/l oxygen per hour to each 1000 mg/l VSS concen-
tration in the digestion liquid. ‘

d. Tank configuration and depth shall be similar to those used
in the complete mix activated sludge process. ’

Supernatant Withdrawal

e

Supernatant should be withdrawn from a point approximately 6

inches beneath the liquid surface of the digester after a minimum
of 1 but not more than 3 hours quiescent settling period. Multiple
supernatant withdrawal points are encouraged.

Further treatment for the withdrawn supernatant shall be provided
either by returning to the head of the plant or to a point prior
to the fimal clarifier.

Sampling Facilities

A sludge sampling valve of the quick-closing type should be in-
stalled not more than one foot from the bottom of the aeration
tank. The valve and piping should be at least 1 1/2 inches in
diameter.
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6. Maintenance Provisions

The tank bottom should slope to drain toward the sludge with-
drawal pipe. The minimum slope shall be 3 vertical to 12 hori-
zontal. . s

C. Sludge Pumps and Piping
1.  Sludge Pumps
a. Capacity

Pump capacities shall be adequate to pump the maximum amount
of sludge being produced in the appropriate treatment unit
with the following minimum concentrations:

Primary sludge 4%; combined primary and trickling fil-
ter sludge 3%; combined primary and waste activated
sludge 3%; standard rate trickling filter sludge 3%;
waste activated sludge 1%; anaerobically digested
sludge 10%; and aerobically digested sludge 29%.

Provisions for varying the sludge pumping capacity are re-
quired. This may be accomplished by the use of constant
flow pumps with a time clock or with the use of variable
capacity pumps. Variable capacity pumps not pumping waste
activated sludge should have a variation in pump capacity of
% 50 percent. Pumps provided only for pumping waste acti-
vated sludge should have a varying capacity as required in
section F. of the chapter entitled "Mechanical Biological
Treatment".

b. Duplicate Units

Duplicate units shall be provided unless adequate justifica-
tion is provided.

c. Type

Positive displacement pumps, screw feed pumps or other types
of pumps with demonstrated solids handling capability should
be provided for handling primary sludge. Centrifugal or
air-lift pumps may be used for handling sludge from secondary
processes.

d. Sampling Facilities

Unless sludge sampling facilities are otherwise provided,
quick closing sampling valves shall be installed at the
sludge pumps. The diameter of sampling valves and piping
shall be at least 1 1/2 inches. '
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2. Sludge Piping

a.

Size and Head

Sludge withdrawal piping should have a minimum diameter of 6
inches for gravity withdrawal and for pump suction.

Sludge pump discharge piping should be at least 4 inches in
diameter. Airlift pump discharge lines should be at least 3
inches in diameter. The head available for withdrawal of
sludge shall be at least 4 feet if removal is dependent upon
gravity flow.

Slope

Gravity piping should be laid on uniform grade and alignment.
Slope on gravity discharge piping should not be less than 3
percent. Valves and connectors should be provided so all
discharge lines can be drained and flushed.

Supports
Piping and pipe supports located inside the digestion tank

should be fabricated from corrosion resistant material.
Heavy duty pipe supports are required.

D. Sludge Dewatering

1. Sludge Drying Beds °

a.

Area

The climatic conditioms, character and volume of the sludge
to be dewatered shall be used to determine the area needed
for sludge drying beds. Unless calculations are submitted

to justify the design, the minimum size bed for digested
sludge shall be not less than 1 square foot per capita for
percolation type and 1 1/2 square feet per capita for im-
pervious type beds. Smaller areas may be used if alternative
methods of sludge dewatering are provided.

Percolation Type

Underdrains: Underdrains should be clay pipe, plastic, or
concrete drain tile at least 4 inches in diameter. Under-
drains should either be laid with open joints spaced not
more than 20 feet apart, or should be perforated pipe. The
underdrain system must be capable of withstanding loadings
imposed by mechanical sludge removal equipment.

Gravel: Gravel around the underdrains should be properly
graded and should be a minimum of 12 inches in depth. At
least 6 inches of gravel should extend above the top of the
underdrains. It is desirable to place the gravel in two or



Sludge Digestion and Processing
Adopted 8-17-78

more layers. The top layer, of at least 3 inches depth,
should consist of gravel 1/8 to 1/4 inch in size. The bot-
tom layer should consist of gravel 3/4 to 1 1/2 inches in
size.

Sand: The top layer should comsist of at least 6 inches of
clean, coarse sand. Greater depths are recommended. The
sand shall have an effective size ranging from 0.5 to 0.8 mm
and a uniformity coefficient of less than 5. The finished
sand surface should be level.

c. Walls

Walls should be water-tight and extend 15 to 18 inches above
the sand surface and at least 6 inches below the ground or
paved surface. Outer walls should be curbed to prevent soil
from washing into the beds.

d. Sludge Removal

Not less than two beds shall be provided and they should be
arranged to facilitate sludge removal. Truck supports
should be provided for all percolation type sludge beds
which do not have mechanical sludge removal devices. These
supports should be constructed of concrete slabs at least 3
feet wide and 6 inches thick. Pairs of supports should be
located on 20 foot centers.

e. Sludge Influent

The sludge pipe to the beds shall terminate at least 12
inches above the bed surface and should be arranged so that
it will drain. Concrete splash plates for percolation type
beds should be provided at sludge discharging points.

f. Cover

Consideration should be given to provide cover for drying
beds where climatic conditions are not favorable for the use
of open beds. A minimum covered bed area of 1 square foot
per capita shall be provided.

Digested Sludge Ponds

Ponds for the storage of digested sludges during inclement weather may
be utilized. Sludge ponds shall not be substituted for adequate
sludge digestion and shall not be approved for use as a sludge volume
reduction process. Sludge lagoons shall not be utilized for final
disposal of sludges. Piping of sludge lines to sludge ponds shall be
arranged so that the ponds will be bypassed during normal sludge
wasting operations. Where feasible, sludge piping shall be arranged
so that undigested sludges cannot be transferred to the pond. The
pond(s) shall be designed to facilitate cleaning.

10
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The "General" and "Pond Construction Details" sections of the chapter
entitled "Waste Stabilization Ponds" shall in gemeral apply to sludge
ponds. Where possible, sludge ponds should not be located near devel-
oped areas.

Mechanical Dewatering Facilities
1. Design and Operation

The design and operation of mechanical dewatering facilities
shall be conducted in accordance with the manufacturer's recom-
mendations under his warranty certificate.

2. Capacity

The minimum capacity for mechanical dewatering facilities should
be provided so that in no case will more than 20 hours operation
per day occur at design loads, unless alternative methods of
sludge disposal are provided.

3. ‘Duplicate Units

Duplicate units or alternative means for disposal of the sludge
shall be provided.

4.  Sludge Storage Tanks

Sludge storage preceding the mechanical dewatering facility shall
have a minimum capacity of 24 hours sludge production where un-
digested sludge is dewatered.

5. Meters

Means for measuring the quantity of sludge proceesed should be
provided.

Drainage and Filtrate Disposal

Drainage from beds or filtrate from dewatering units should be re-
turned to the sewage treatment process at appropriate points unless
separate additional treatment and/or disposal is provided. Where dis-
infection is required, the filtrate shall be returmed to a point pre-
ceding disinfection.

Final Disposal of Sludge (see chapter entitled "Land Application of
Wastewater or Sludge")

1. Hauling the Liquid Sludge
In the case of transporting sludge without dewatering to the ul-

timate disposal site, a paved and drained loading pad, sludge
crane and tank truck shall be provided. :

11
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2. Sludge Storage
Sludge storage requirements are included in the chapter entitled
"Land Application of Wastewater Effluent or Sludge".
3. Sludge Disposal
Digested sludge in liquid form can be disposed of on agricultural
land. Undigested liquid sludge shall not be disposed of without
receiving additional treatment.
a. Sludge Disposal on Agricultural Land
‘See chapter entitled "Agricultural Application of Wastewater
or Sludge" .
b. Sludge Disposal on Sanitary Landfill
Digested sludge can also be spread on solid waste layers in
sanitary landfills, provided that the sludge layers will be
covered daily. The maximum amount of sludge being disposed
of on a sanitary landfill is decided by the absorption capa-
city of the solid wastes, but in no case shall result in
ponding on the top of solid waste layers. Dewatering pro-
cesses shall be provided to treat all sludges prior to dis-
posal by landfill.
Incineration

Both digested and undigested sludge following proper dewatering may be
incinerated. Provision for suitable residue disposal and proper air
pollution control devices shall be made:

1.

Design and Operation

The design and operation of incineration shall be conducted in
accordance with the manufacturer's recommendation under his war-
ranty certificate.

Capacity -

Sufficient capacity for incinerators shall be provided to incin-
erate the maximum amount of sludge which could be produced by the
sludge dewatering facilities unless alternative methods of dewat-
ered sludge disposal are provided.

Duplicate Units

Duplicate units, or alternative means for dewatered sludge dis-
posal shall be provided.

Scales

Means for weighing the quantity of sludge cake being incinerated
and the residue produced shall be provided.

12
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DISINFECTION

A.

Purpose

L3

The primary purpose of disinfection is to destroy pathogenic micro-
organisms prior to discharge of an effluent to a receiving stream or

 lake where the discharge of these microorganisms would interfere with

the intended use of the stream or lake.
Where Required

1. The use of disinfection for discharging wastewater treatment fa-
cilities will be reviewed on a ccase-by-case water quality basis.

2. Disinfection of wastewater effluent applied to the land will be
used when required in accordance with the Bureau of Water Quality
Policy Memorandum No. 3-78.

Methods of Disinfection
1. Chlorination is the most commonly used form of disinfection;

therefore, the minimum design criteria and considerations pre-
sented will address only the design of chlorination facilities.

2. Consideration will be given to ozonation and other methods of
disinfection where their use can be justified by the design
engineer.

Deviations

1. Deviations from these minimum design criteria will be reviewed on

a case-by-case basis when accompanied by adequate justification.
Chlorination Facilities and Equipment
1. Design Calculations

a. All design assumptions and calculations used in sizing the
chlorination facilities must be included in the facilities
plan. These will include as a minimum:

(1) Diurnal peak flows which would cause fluctuations in
effluent chlorine demand and residual(s) if applicable.

(2) Total quantity of chlorine required daily at the present
and design flows.

(3) Dosage required to effectively complete disinfection.
Design should be for a maximum total chlorine residual
in the effluent not to exceed 0.5 mg/l as CIl.

(4) Detention time of the chlorine contact chamber at the
minimum and maximum hourly flow for both the present
loads and the design loads.

(5) pH and temperature of the influent to the chlorine
contact chamber.



Disinfection
Adopted 8-17-78

2. Chlorine Supply

a. Recommended sizes of gas cylinders

(1)

The maximum withdrawal rate for 100 and 150 pound
cylinders should be limited to 40 pounds per day per
cylinder.

(2) The maximum withdrawal rate for 2,000 pound cylinders
should be limited to 400 pounds per day per cylinder.
b.  Minimum handling equlpment required for 100 and 150 pound
cylinders
(1) A hand truck specifically designed for cylinders.
(2) Restraints for securing cylinders to prevent them from

falling over.

¢. Minimum handling equipment for 2,000 pound cylinders

(1)
(2)
(3)
(4)

(5)

Hoist with two-ton capacity.
Cylinder lifting bar.
Monorail or hoist with sufficient lifting helght to

‘pass omne cylinder over another.

Cylinder trunnions to allow rotating the cylinders for
proper connection.

Equipment combining scales for cylinder weighing and
the hoist is recommended.

d. Manifolds

(1

(2)

The connection of containers discharging liquid chlorine
to a manifold should not be utilized. The difference

in pressure which could occur due to temperature or
non-condensible gases, or due to difference in elevation
head, will cause chlorine to flow to the container at
the lower pressure. The container could become full of
the liquid and, if the container valve were closed,
hydrostatic pressure could cause rupture.

The connection of containers discharging gaseious
chlorine may be utilizied; however, all containers
should be at the same temperature to prevent transfer
of gas from a warm container to a cool container unless
the system is designed to permit it.

3. Chlorine Contact Chamber

a. Configuration

(1)

To reduce short-circuiting to a minimum, the chlorine
contact basin should have a serpentine configuration
with longitudinal baffling. The length-to-width ratio
should be designed at 40:1 as a minimum (the total '
length of the channel created by the baffles should be
40 times the distance between the baffles).



b. Chlorine contact time

(1) The chlorine contact chamber should provide a minimum
detention time of 30 minutes at the average daily
design flow or fifteen minutes at the maximum hourly
flow, whichever chamber volume is greater.

c. Provisions for access and cleaning

(1) Access to the chlorine contact chamber presents a
hazard due to the corrosive atmosphere; therefore, cast
iron steps should not be used. Aluminum ladders with
hooks at the top are preferred.

(2) To permit ease in cleaning, provisions shall be made to
return the chlorine contact chamber contents to a raw
sewage inlet. This may be accomplished through the use
of a sump, drain, or portable pumping unit. The chamber
or unit shall not be pumped or drained to the outfall
line. Baffles in the chamber should be utilized to
prevent the discharge of floating material.

(3) Flexibility in piping and baffling must be provided so
that each section of the chamber may be drained for
cleaning without affecting the adequate use of the rest
of the chamber. This will permit continuous disinfec-
tion in a section of the chamber while the other sectioms
are being cleaned. '

Diffusers

a. Diffusers should be designed to accomplish immediate mixing.

b. The diffuser should be located in the pipe or chanmnel in
such a manner so as to maximize the distribution of the
chlorine or gas solution. On larger diameter pipes it is
desirable to utilize multiple diffusers to maximize the
distribution. Open channel type diffusers should be placed
in an area of maximum turbulence with a minimum water cover
of nine inches and should be comstructed for easy removal.

c. The minimum recommended velocity through the diffuser open-
ings is 10-12 fps.

Mixing

a. Mixing of the .chlorine solution and wastewater should occur
instantaneously and prior to the contact chamber. Mixing
should not be attempted in the contact chamber due to the
short-circuiting and inefficient disinfection that can
result.

b. The use of a hydraulic jump is preferred for achieving rapid

Disinfection
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mixing in an open channel.
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Mechanical mixers should Be located in a mixing chamber im-
mediately downstream from the point of chlorime injection.
The mixing chamber should be designed as small as possible.

It is recommended that larger installations utilize mechani-
cal mixers in conjunction with diffusers to maximize the
immediate distribution of the chlorine solution.

Injection of the chlorine solution into a full flowing pipe
as the sole means of dispersing the chlorine solution into
the wastewater is the least efficient means of mixing and is
not recommended.

Piping

a.

d.

Piping used in the conveyance of chlorine should minimize
the number of joints used. It should also be protected
against temperature extremes and be well supported.

Piping designed for use with dry chlorine gas should be
constructed with copper, irom, or steel, and should be
protected from the entrance of air or water.

Piping designed for use with aqueous solutions of chlorine
should be constructed with hard rubber, sara-line, rubber-
lined, polyethylene, polyvinlychloride, or Uscolite materials
for protection from corrosion.

All valves used should be Chlorine Institute approved.

Chlorine Equipment Housing

a.

Chlorine equipment that is housed in a building used for
other purposes shall be isolated from the rest of the build-
ing by a gas-tight partition. It should be located at or
above ground, and near the point of application to minimize
the length of chlorine lines.

The door to the chlorinator room shall swing open only to
the outside and shall be equipped with panic hardware. The
room should be constructed-with no apertures common to the
other rooms which would permit chlorine gas to enter other
work areas.

The storage area for the chlorine cylinders should be separ-
ated from the room housing the chlorine feeders and equipment.

A clear glass, gas-tight inspection window shall be con-
structed on an interior wall of the chlorinator room to
allow chlorine feeders and equipment to be viewed without
entering the room.

Sufficient space should be allotted to the equipment room to
permit easy access to all equipment for maintenance, repair
and expansion.
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A forced air exhaust ventilator is required for all chlorine
feeder equipment rooms. The vent shall be located near the
floor and shall discharge at an outside location which will
not contaminate the air inlet to any buildings. The outside
end of the vent should bend down to prevent water from
entering and should be covered with a screen to exclude
insects. The ventilation equipment should be designed to
provide a complete air change at least every two minutes.
Where continuous ventilation is provided, the ventilation
equipment should be designed to provide a complete air
change at least 6 times per hour. Altermative ventilation
schemes may be utilized in larger facilities.

An air inlet ventilator should be installed near the opp051te
side of the room from the exhaust ventilator.

The electrical controls for the room shall be designed in
such a manner that the lights and ventilators will operate
automatically when the door is opened. They must also be
capable of being manually operated from the outside without
the door being opened.

The chlorine equipment and storage rooms shall be provided
with a means of maintaining a temperature of at least 65°F.
They shall also be protected from temperature extremes. Gas
cylinders should not be stored near outside windows.

It is recommended that facilities with a capacity less than
1.0 mgd provide chlorine feed-rate control proportional to
the flow. It is also recommended that facilities with a
capacity greater than 1.0 mgd provide a feedback control
circuit that is tied into automatic chlorine residual moni-
toring, i.e., closed loop control.

Weighing scales of corrosion resistant materials should be
provided to determine the amount of chlorine supply remain-
ing. For facilities which utilize only one gas cylinder at
a time, it is recommended that the cylinder being used and
the standby cylinder be installed on scales that are read
separately.

An adequate supply of water shall be provided for operating
the chlorinator. When potable water is used to operate the

injectors, provisions should be made to avoid cross-connections.

If a booster pump is to be used, duplicate equipment must be
provided.

For large facilities, an alarm system must be provided to
alert the operator of leaks or other malfunctions in the
chlorine supply, chlorine metering equipment or chlorine
residual equipment. '

OSHA - approved gas masks must be provided for each instal-
lation. They should be kept in a cabinet outside the chlori-
nation room near the entrance to the room but not close
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enough that they could be made inaccessible by chlorine
fumes from a leak. Self-contained oxygen supplying masks
shall be provided for repairing leaks. Canister type masks
may be used for changing cylinders but are not adequate for
sustained use in an atmosphere containing chlorine gas. The
instructions for using, testing, and replacing mask parts
must be displayed on the cabinet door.

o. An emergency patching and repair kit similar to those designed
by the Chlorine Institute should be provided and stored
where they will not be made inaccessible by a chlorine leak.

Reliability

Standby chlorination equipment will be required on a case-by-case
basis.

Dechlorination

1. Dechlorination of chlorinated effluents may be required if the
discharge of such effluents may be detrimental to the preser-
vation of the aquatic biota in the receiving stream.

Operation and Maintenance

1. The following, as a minimum, should be addressed in the Operation
and Maintenance Manual:

a. Operation and maintenance for all apparatus utilized, in-
cluding safety devices.

b. Unloading; transferring, and hookup procedures for con-
tainers.

c. Leak detection and repair. Detailed instructions for the
use of the emergency patching and repair kit should be
included. The operator should be trained thoroughly in the
use of these kits. '

d. First aid

e. Spills

f. Externally-caused emergencies, i.e., fires, power failures,
flooding, etc.

g. Effects of overdoses on receiving streams.
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XIII. AGRICULTURAL APPLICATION OF WASTEWATER OR SLUDGE

Introduction

The majority of land application .systems in Kansas can be designed to
utilize sludges or wastewaters for improved crop productiom and not
strictly for waste disposal. The development of the entire system re-
quires expert evaluation of many interrelated variables. Professional
advice by environmental and agricultural engineers as well as agronomists
.and other scientists is essential to the design of a well conceived land
application system. :

The intent of this section is to present design requirements for land
application systems and also provide guidance for the preparation of a,
detailed engineering report. As a minimum, the land application of waste-
water must be preceeded by primary treatment. Additional treatment require-
ments depend upon the nature of the application sites. This is presented
in more detail in Table 13, located in the appendix. The criteria in this
chapter specifically applies to the application of domestic waste. Depend-
ing on the composition of some industrial or agricultural wastes, and the
specific land application site, different requirements may be necessary.
This decision will be made on an individual basis.

Wastewater land application systems are classified by.the Water Pollution
Control Section, Bureau of Water Quality. as follows (see Table 13):

1. Treatment oriented, (no direct point discharge to waters of the State):
where irrigation of wastewater effluent is an integral component of
the overall treatment process and is employed to eliminate point
source discharges to waters of the State.

2. Irrigation oriented, (periodic point discharges to waters of the
State): where treated effluent is utilized as needed for supplemental
water and where the treatment system can meet NPDES effluent limi-
tations for discharge to waters of the State.

A short preliminary report shall be submitted to this office before ex-
tensive investigation of any land application of wastewater. The report
will allow this office to determine the scope of engineering work neces-
sary for the project. It is anticipated that for many small systems much
of the detailed investigations as outlined in the following sections can
be eliminated. Items that should be included in the preliminary report
are:

1. The nature of irrigation proposed (i.e., as supplemental water for
Crops or as a treatment process to prevent discharge from the waste-
water treatment plant.)

2. Present treatment, if any, and the condition of the wastewater treat-
ment plant. '

3. Volume of wastewater to be irrigated.



Agricultural Application of Wastewater or Sludge
Adopted 8-17-78

4. Proposed land application site(s) (contour map showing houses, wells
and drainage courses in the affected area).

5. Estimated groundwater depth and fiooding potential.

6. Soil type and permeability.

7. The intended use of the irrigated land.

8. The anticipated water management scheme.

9. Location of the wastewater storage structure.

10. Significant industrial contributors.
This report will enable the Water Pollution Control Section, Bureau of
Water Quality to determine the extent of irrigation and the potential
hazards. It will also provide the information necessary to classify the

project.

Minimum Design Requirements

The design of land application systems for wastewater effluents and sludges
is highly dependent upon management. All parameters and assumptions used
are to be justified. ‘

A. Site Considerations

1. A separation distance of 500 feet shall be provided between resi-
dential areas and the outside perimeter of the land area used for
application of wastewater effluents and sludges. TFor exceptions,
see Table 13.

2. A minimum of 200 feet shall separate the perimeter of the land
application area from wells or water supplies not located upon
the property. Adequate protection must be provided for wells and
water supplies situated upon the site. For exceptions, see Table
13.

3. When adequate conservation measures are not provided, the topo-
graphy of the site shall be less than 5%. Where subsurface
drainage is poor, maximum slopes will be based on soil type.

4. The groundwater and any perched water shall be at a depth of at
least 10 feet beneath the land application area. Reductions of
this spearation requirement will be considered where soil con-
ditions are not conducive to percolation of applied materials.

S. The land application area shall not be subject to flooding more
frequently than once in 10 years, while the treatment and storage
system must be protected as required for treatment facilities in
the chapter entitled "General Design Considerations for Sewage .
Treatment Works".
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A minimum 100-foot buffer zone should normally be established
adjacent to the perimeter of the land application site to provide
separation from adjacent properties. Greater separation distances
should be considered where sprinkler equipment is used, while

less separation is needed when techniques with lower potential

for dispersing materials, such as subsurface inection of sludge,
are used. For exceptions, see Table 13.

Crops used for human consumption in the raw state shall not be
produced upon the land application site. Generally, crop pro-
duction should be restricted to feed grains and forages which can
be utilized by the livestock industry.

Storage and Application of Wastewater Sludges

1.

4.

Storage shall be provided for a minimum of 60 days average sludge
production where equipment is available for operation under
adverse conditions. Where special application equipment is not
available, additional storage capacity will be required.

Sludge handling and application equipment shall be capable of
transporting and applying 30 day average sludge production accu-
mulations within a 5 day period.

Normally, sludge application rates should not exceed 20 tons of
dry solids per acre per year. A lower rate may be required where
soil conditions, heavy metal content, or crop nitrogen require=-
ments warrant.

A soil pH greater than 6.5 must be maintained at the site to
reduce the solubility and plant uptake of heavy metals.

Application of Wastewater Effluent for Treatment and Irrigation Oriented
Systems

1.

Pumping equipment shall be capable of handling solids 1 to 2
inches in diameter. Conventional centrifugal and turbine pumps
used by the irrigation industry are nqrmally'acceptable.'

Sprinkler irrigations systems shall be designed so application
rates do not exceed the soil infiltration rate. "

The wastewater effluent application system shall be capable of
restricting the application rate to 3 acre-inches per day per
acre. :

The annual application of wastewater effluents shall not exceed
40 acre-inches/acre. Normally, the annual application rate is
determined by soil and crop moisture and/or nutrient require-
ments.

All flood or partial flood irrigation systems shall provide tail-
water control provisions or facilities. When employed, tailwater
pits must be capable of retaining 20% of the daily wastewater
quantity applied. Pump back or direct land application pro-
visions shall be made to dewater the tailwater pit. Sprinkler

3
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irrigation systems not using tailwater control facilities must be
capable of containing the applied wastewater through proper
management. For exceptions, see Table 13.

All pumping and wastewater effluent application equipment shall
be designed to prevent damage from freezing weather.

D. Storage and Application of Wastewater Effluent for Treatment Oriented

Systems Only

1.

)

Wastewater effluent storage shall be provided to retain a minimum

. of 90 days average dry weather flow. Following adequate second-

ary treatment, the maximum water depth in the storage cell shall
be 15 feet. Following primary treatment, the maximum water depth
in the first storage cell shall be 5 feet and any additional
cells may be as deep as 15 feet.

Dewatering and land application equipment shall be capable of ap-
plying the 90 days storage quantity within a 30 day period.

Normally, a minimum of 2 pumps shall be provided per land appli-
cation system for operational flexibility and reliability.

Selection of pumping and application equipment shall be based
upon 12 hours operation per day.

Engineering Report

A. Evaluation of Wastewater and Sludge Characteristics

1.

General

A preliminary design step is the detailed evaluation of the
present influent wastewater quantities and characteristics. If
high influent heavy metals concentrations or toxic substances are
found, control measures will be required. An analysis of the
present and estimates of future effluent and sludge quantities
and characteristics will be necessary. In addition to the items
listed in the composition analysis, other substances may have to
be analyzed when they are found to have a potentially harmful
effect upon the environment.

Typical Quantities
a. Effluent

In the case of waste stabilization ponds, infiltrationm, per-
colation and evaporation can significantly reduce the quan-
tity of effluent available for land application. It is
recommended that direct field measurements be made to evalu-
ate these losses. A detailed water balance will be required.

b. Sludge

While sludge quantities are generally more predictable than
effluents, Table 6 in the appendix illustrates the striking
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increase in the volume of sludges to be processed when a
plant is upgraded to activated sludge treatment. Therefore,
the analysis should be made for the individual plant under

consideration. : :
Composition
a. Effluent

The effluent composition analysis should include total dis-
solved solids, suspended solids, pH, BOD_., total nitrogen,
nitrate nitrogen, ammonia nitrogen, totai phosphorous, total
potassium, alkalinity as CaCO3, SAR, copper, cadmium. In
special instances, an analysiS may be required for the
following elements: selenium, cobalt, chromium, arsenic,
boron, iron, aluminum, mercury, silver, barium, sulfur,
calcium, magnesium, sodium, inorganic carbon and organic
carbon. Average values for different treatment processes
are given for the above items in Tables 1 and 2 in the
appendix.

b. Sludge

The sludge composition analysis should include: pH, total
nitrogen, ammonia nitrogen, nitrate nitrogen, total phos-
phorous, total potassium, percent dry and volatile solids,
copper, nickel, lead, zinc, and cadmium. As in the effluent
composition, an analysis may be required for the following
elements in sludge: selenium, cobalt, chromium, arsenic,
boron, magnesium, sodium, inorganic carbom and organic car-
bon. Tables 7, 8, and 9 in the appendix provide information
on the composition of various municipal sludges.

Site Considerations

1.

Site Location

Preferably, the site selected for land application should be
located near the treatment and storage facility yet remote from
places of habitation. A detailed topographic map of the area
will be necessary for site selection and the subsequent system
design. Of primary concern are the effects of storm runoff and
erosion both from adjacent land onto the site and from the site
onto adjacent lands or into surface waters. The description of
the site location should include both the distance and elevation
difference from the treatment plant to the disposal area. Any
significant obstructions to sludge or effluent transmission such
as rivers, freeways, or developed residential areas should be
identified.

Relationship to Land Use Plams

Of significant importance in site selection is the compatability
of the disposal system with regional land use plans within at
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least two miles of the land application area. Adjacent land use
and proximity to areas developed for residential, commercial or
recreational activities should be ascertained.

Surface Water and Wells

The relationship of surface water to the overall hydrology of the
area requires evaluation. All wells in the area should be located
on a topographic map of the land application site.

Climate

Rainfall data requires evaluation with respect to quantities,
durations, and seasonal distribution. Temperature analysis
should include the maximum periods of freezing conditions during
which the ground is frozen. This is of special interest in
determining sludge and effluent storage requirements.

- Flooding Potential

Corps of Engineers and historical data must be reviewed to deter-
mine the possibility of flooding on the site and adjacent area.

Soil Profile and Characteristics .

Soil characteristics are most important when evaluating the
system. Desirable soil properties for effluent and sludge assim-
ilation are: good percolation capacity, fine emough texture to
have high water and nutrient holding capacity, good drainability
and aeration and neutral or alkaline pH. A soil profile will be
required for the selected site. Generally, the profile should be
determined to a minimum of 10 feet.

Permeability Characteristics

The permeability of the land application site should be de-
termined for the prevalent soil textures. Permeability is a
function of cropping practice, water quality, permeability of
deeper soil layers, antecedent moisture and soil texture. It is
recommended that county agents, agronomists, Soil Conservation
Service personnel and others having knowledge of the specific
site be consulted.

Groundwater Depth

The depth to groundwater along with any seasonal variations will
be required. Sites should be investigated both for existing and
potential perched water tables.

Contractural Agreement

Contractural agreements are required for the use of land or

facilities not owned or directly controlled. The agreement must
consider the availability of land and equipment for long term



Agricultural Application of Wastewater or Sludge
Adopted 8-17-78

utilization by the municipality or industry concerned with the
disposal of its sludge or effluent.

10. Monitoring

Groundwater monitoring may be required. The Water Pollution
Control Section, Bureau of Water Quality will make this determin-
ation on an individual basis. When necessary, the groundwater
quality should be monitored immediately below the water table
surface. Pollutional materials entering the groundwater system
have a tendency to remain in the upper few feet. Before actual
effluent or sludge application begins, groundwater quality data
must be obtained. The samp