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Introduction

Historically, the Design Guide was previously adapin regulation, 10 CSR 20-8, starting in 1979c8i1979,
technology and standards of accepted engineerwvg pragressed to a point that the existing reguiati
required updating. With the need to update theipusiy promulgated rules, stakeholder meetings were
convened to gain insight and expertise into thedsteds of practices and the treatment technol@yiagable.
Through this process, it was decided that 10 CSRB 26eded renamed to reflect its amended reguiatibe
Minimum Design Standards and this guidance docunventd be developed.

This Missouri Wastewater Design Guide provides gnak for the benefit of Department staff and the
designers, owners, and operators of wastewatezragstn this document, items that are in 10 CSR aée
identified with the specific regulatory referenoeallow users to cross reference. Items that asemt in 10
CSR 20-8 have been identified as the minimum destigmdards that every facility must meet. The aalubd
components present in this document are to adtliedsest engineering design practices to develop
comprehensive and complete technical plans andfsagions for the wastewater system.

Although this guidance document is not regulattbe, technical expertise and regulatory requiremiefiised
into the guidance document will provide consistewiy the design and review across the State o5Mis.
The Missouri Wastewater Design Guide is not intelnidebe used as a substitute for engineering expeei
and judgement nor does it address every situdtlears also should be cognizant of locally adopéguilations
or standards that may impact the design of theemader system. Criteria contained in this documeltbe
used by the Water Protection Program, in the reaedocuments submitted pursuant to 8644.051, R&iMb
10 CSR 20-6.010. As additional technologies areeldged and implemented through the Department’s
Innovative Technology Process, those technologik®eincluded in future revisions to the Missouri
Wastewater Design Guide.

This document serves as a reference by providiagninimum standards for the design and construction
wastewater systems, in addition to engineering esipee and judgement in accordance with standdrds o
practice. It is not reasonable or practical toudel all aspects of design in the guide. The gdalsi® guidance
are:

» To ensure that the design of wastewater colleamhtreatment systems is consistent with public

health, worker safety, water quality, and biosohtmnagement objectives.

» To establish a basis for the design and revievedinical plans and specifications for wastewater
systems.

* To establish the minimum requirements and limifexgtors utilized by the Department for review of
wastewater system plans and specifications.

e To assist the owner or the design engineer in tepgvation of plans, specifications, reports, atfeio
data.

* To guide the Department in the review of technptahs and specifications for determination for the
iIssuance of a construction permit.

Vi
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Design engineers may provide other basis for desigitong as the designs are justified as starefegisheering
practice with documentation in the Summary of Desidditional design references may include, batraot
limited to, copies of all ASTM International and &nican Water Works Association (AWWA) standards
pertaining to wastewater systems and appurtenadessgn manuals such as Water Environment Fedeistio
Manuals of Practice (WEF’'s MOPSs), the American 8gcof Civil Engineers, the Recommended Standards f
Wastewater Facilities (“10 State Standards”), TRaL&des for the Design of Wastewater Treatment \&/ork
Department prepared guides, and other wastewasegrdmanuals containing principles of accepted
engineering practice.

For more information on the wastewater construgiemmitting process, please visit
dnr.mo.gov/env/wpp/permits/ww-construction-permiitihtm

If you have any comments or discover any mistakdke Design Guide, please email
DNR.WPPEnNgineerSection@dnr.mo.gov

viii
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Glossary

Definitions as set forth in the Missouri Clean Wate Law and 10 CSR 20-2.010 shall apply to those tersn
when used in this document, unless the context ckharequires otherwise.

Addendum: a document which contains any changes &proved plans or specifications before the egntr
is awarded.

Air-gap separation: a backflow prevention assemnsblysisting of a physical separation between the fre
flowing discharge end of a public water system lnygeand an open or nonpressurized receiving veasel
approved air-gap separation is at least twice thmelter of the system pipe measuring verticallywaltbe
overflow rim of the vessel. In no case is the distaless than one inch (1").

Alternative sewer systems: sewer systems otherdbaventional gravity sewers which include presadi
sewers carrying raw wastewater from grinder purppsssurized or gravity sewers carrying septic &ffikent,
and combinations thereof. Although each alternatoéection technology uses different motive for¢es.,
pressure, gravity, and vacuum) to move wastewader fts source to its destination, there are many
commonalities. Generally, alternative sewer systasessmall diameter pipe buried at shallow deptiolscadten
contains fewer joints due to increased pipe lentfths conventional gravity sewers.

Annular Space: the space between two (2)-cylintlabgects one (1) of which surrounds the otherhsas
between a casing pipe and a carrier pipe.

Antidegradation: the implementation of a rule anacpdure approved by the Environmental Protectiganty
and the Missouri Clean Water Commission that spgectiow the Department will determine, on a casedsge
basis, whether and to what extent, existing wat@tity may be degraded in a water of the state.Missouri
Antidegradation Implementation Procedure is establi in 10 CSR 20-7.031(3)(D).

Backflow: the reversal of flow of water or mixturewater and other substances into the public mststem
from any source(s).

Biochemical Oxygen Demand (BOD): the five (5)-dagdhemical Oxygen Demand (B@Ds the amount of
oxygen needed to stabilize biodegradable organttemander aerobic conditions within a five (5)-gagriod.

» Carbonaceous five (5)-day Biochemical Oxygen Dem(@RIODs): BOD:s less the nitrogenous oxygen
demand of the wastewater.

» Design average BOPgenerally the average of the organic load reckfoe a continuous twelve (12)-
month period for the design year expressed as wpgiday. However, the design average B@ip
facilities having critical operational scheduleshnhigh loading periods (e.g., recreational areas,
campuses, and industrial facilities) is based enddily average BOfduring the seasonal period.

» Design maximum day BOPthe largest amount of organic load to be receduwihg a continuous
twenty-four (24)-hour period expressed as weightiag.

» Design peak hourly BOPthe largest amount of organic load to be recetwthg a one (1)-hour
period expressed as weight per day.

e Total five (5)-day Biochemical Oxygen Demand (TB&)®quivalent to BOPand is sometimes used
in order to differentiate carbonaceous plus nitrmges oxygen demand from strictly carbonaceous
oxygen demand.
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Biosolids: treated sludge that has received arbksited treatment and is managed in a manner thatan
vector attraction reduction and pathogen contrmud, @ontains concentrations of regulated pollutasish that it
meets the standards established for use of bigsfaidand application, marketing, or distributidtefer to 40
CFR part 503, February 19, 1993, as published &¥HRA Docket Center, EPA West 1301 Constitution
Avenue NW., Washington, DC 20004, are incorporatgedeference. This document does not incorporage an
subsequent amendments or additions.

» Class A biosolids: when pathogens (Salmonella agtebbia, enteric viruses, and viable helminth owva)
the biosolids are below detectable levels. Claspiesponds to the existing 40 CFR part 257 “Pr®oces
to Further Reduce Pathogens (PFRP)” designation.

» Class B Biosolids: when pathogens are detectaliladue been reduced to levels that do not pose a
threat to public health and the environment as Emgctions are taken to prevent exposure to the
biosolids after their use or disposal. When ClassdBolids are land applied, there are requiremiemts
the application site; other requirements have tmbewhen Class B biosolids are surface disposed.
Class B corresponds to the existing 40 CFR part‘P&dcess to Significantly Reduce Pathogens
(PSRP)” designation.

Casing pipe: a pipe with continuous circumfererjbaits, jacked into position during the boring cgteon. A
casing pipe is most commonly used in undergroumgtcoction to protect the carrier pipe from damage.

Carrier pipe: a sewer piping slipped inside thealhsd casing pipe.

Change order: a document which contains any changmsapproved plans or specifications after theticoct
is awarded.

Chlorination: the use of a chlorine solution toimfisct wastewater. Chlorine is an oxidizing disotént that
kills bacteria.

Clarifier: settling tanks with mechanical meansdontinuous removal of solids being deposited by
sedimentation. A clarifier is generally used to o solid particulates or suspended solids fromdiepr
clarification or thickening. Sludge collects at thatom of the tank, or sludge hopper, and is rezdov

Cleanout: a capped vertical pipe which providegssdo a sewer, allowing personnel the abilityi¢ar out
blockages in the sewer.

Collection system: a network of pipes or similandoits and all other structures, devices and apparices
generally excluding service lines and service cotiaes for collecting and conveying wastewater or
stormwater to treatment or other disposal facditidaintenance and ownership of the collectionesyss the
responsibility of one (1) of the continuing authies listed in 10 CSR 20-6.010(3)(B).

Comminutor: an instrument that cuts and shredsgtmmaterials and coarse solids into smaller sizes.

Construction permit: a written authorization isslsgdhe Department or supervised program authaithe
applicant to construct and modify wastewater coneptsmwith conditions that are necessary to adelyuate
protect public health and the environment.
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Design storage period: The calculated number o$ dagt will fill the manure storage structure fréme lower
to the upper operating level for a covered stosagecture or from the lower to the upper operatewg! for an
uncovered, liquid storage structure during a peabaverage rainfall minus evaporation (R-E).
* For a design storage period of fewer than threefathsixty-five (365) days, use the largest
consecutive average monthly R-E, corresponding thighnumber of months of the storage period.
» For multiple storage stages, the storage peritlicisum of available storage days in each stage.
« For covered liqguid manure storage structures, gpeuoperating level is one foot (1') below the obp
the structure.

Disinfection: a process to remove, deactivate,lbp&thogenic microorganisms.

Dry wells: a below-grade structure of a pumpindistathat contains the pumps, drive shafts, valaes,
piping and in which there is no liquid outside thanps and piping (i.e., the structure is “dry” ggesonnel
often occupy the space).

Fats, Oils, and Grease (FOG): animal and planvddrsubstances that may solidify or become viseodsthat
separates from wastewater by gravity. FOG in aedaiounts will reduce conveyance capacity and ereat
obstructions in the collection system or wastewtaatment facility.

Flow:

» Design average flow: the average daily volumesetodaeived for a continuous twelve (12)-month
period expressed as a volume per unit time. Howelerdesign average flow for facilities having
critical operational schedules with high hydraldiading periods (e.g., recreational areas, campuses
and industrial facilities) is based on the dailgage flow during the seasonal period.

e Design maximum daily flow: the largest volume @l to be received during a continuous twenty-four
(24)-hour period expressed as a volume per und.tim

» Design peak hourly flow: the largest volume of flembe received during a one (1)-hour period
expressed as a volume per unit time.

» Design peak instantaneous flow: the instantaneamum flow rate to be received.

Flow equalization: a process of controlling flovier&ariations to improve the performance of dovewstn
processes and to reduce the size and cost of deanstvastewater treatment facilities.
» Diurnal flow equalization: provides flow equalizati for the dry weather diurnal flow received by a
wastewater treatment facility in a twenty-four (2¥ur period.
* Wet weather flow equalization: provides flow egmation during wet weather events which have a
hydraulic peak flow greater than the capacity efwastewater treatment facility.

Force main: a pipe or conduit that conveys wastema@t stormwater under pressure It is consideredgba
collection system that is operated and maintainedne of the continuing authorities listed in 10RC30-
6.010(3)(B).

Freeboard: the vertical distance from the normarafing water surface to the overflow point, spaiuw
emergency overflow, pipe, or top of the berm oktavhichever is lowest.

Gravity sewer: a pipeline or similar conduit conveywastewater or treated effluent which flows esorely
under the influence of gravity.
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* Interceptor sewer: large sewers that are usede¢ocept a number of sewer mains or trunk sewers and
convey the wastewater to treatment or other didpgasiities. Direct connection of service linesnst
recommended for interceptor sewers. An interceggarer is considered part of a collection systerh tha
is operated and maintained by one (1) of the camtghauthorities listed in 10 CSR 20-6.010(3)(B).

* Sewer main: sewers that are used to convey wastetram generally one (1) or more service lines to
trunk sewers or interceptor sewers. A sewer mapomsidered part of a collection system that is
operated and maintained by one (1) of the contmaurthorities listed in 10 CSR 20-6.010(3)(B).

» Trunk sewer: large sewers that are used to conesyewater from sewer mains to interceptor sewers,
treatment, or other disposal facilities. A trunkveeis considered part of a collection system ihat
operated and maintained by one (1) of the contmaurnthorities listed in 10 CSR 20-6.010(3)(B)

Grease interceptor: a tank that intercepts aneaslifats, oils, and grease from a commercial siitutional
kitchen waste stream.

Grit: includes sand, gravel, cinder, or other hesotyd materials that have a higher specific gsathan the
organic biodegradable solids in the wastewatet. &80 includes eggshells, bone chips, seeds,egffeunds,
and large organic particles, such as food waste.

Groundwater: the water in subsurface zone of sabum.arhe water that supplies springs and wells is
groundwater.

Groundwater table: The seasonal high water levaliming beneath the surface of the ground, inclgdin
underground watercourses, artesian basins, undergmservoirs and lakes, aquifers, other bodiegabér
located below the surface of the ground, and watthre saturated zone. For the purposes of thisrdeat,
groundwater table does not include the perchedntaibée.

Holding tank: a watertight tank for temporary stggaf wastewater until it can be transported teranitted
wastewater treatment facility.

Industrial residuals: solids, residues, and préaies separated or created by the industrial psesesiot
including coal combustion residuals.

Infiltration/Inflow (I/1): groundwater or stormwatevhich enters a sanitary sewer system.

Karst: a terrain, generally underlain by limestanayhich the topography is chiefly formed by thesblving
of rock and which is commonly characterized by &ayrclosed depressions, sinkholes, subterranearagea
and caves.

Lagoon: An earthen basin or lined basin used fological treatment of wastewater, usually desigioed
biochemical oxygen demand (BOD) removal and settihsolids. Generally, lagoons operate in serigs &
minimum of three cells to provide treatment. Thiscean vary in size and depth; however, the Gt is
usually the largest. Lagoons can be designed astAoough, controlled discharge, no-discharge systeor for
storage. The lagoon cross-section diagram befogure G-1, in reference to the different parts of a lagoelh c
» Flow-through: A flow-through lagoon is a lagoonttiseadesigned to discharge and is usually aerated o
facultative.
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= Aerated: Aerated lagoons are lagoons with aeratitited that provides mixing to the system to
increase BOD removal. Aerated lagoons are typickgper and often the aeration is only present in
the first and second cells of the lagoon system.

= Facultative: A facultative lagoon is the traditiblegoon with an operating depth of less than 8 fee
in depth normally.

» Controlled discharge: Controlled discharge lagcamesdesigned similar to flow-through lagoons and
may be aerated or facultative; however they ame d¢signed to store wastewater for a set period,
typically from April through October and dischargim the winter when a facility is not required to
seasonally disinfect and has less stringent ammedfiteent limits.

* No-discharge: No-discharge lagoons are designadsofgle cell or multiple cells designed to hold th
one-in-ten (1 in 10)-year storm event, plus a mummof seventy-five (75)-days of wastewater without
discharging. No-discharge lagoons generally preeestgewater irrigation or subsurface soil dispersal

« Storage: Storage lagoons are not designed for wastetreatment; but may be designed for two
operations. The first is to operate as a flow @gafibn device at the beginning of the treatmentse
especially for facilities with significant peak waeather flows. The second operation is to act as
storage for either wastewater or biosolids pridata application on fields. Storage lagoons mayeha
less than three cells for operation and may be umsednjunction with other treatment systems.

» Retrofits: Lagoon retrofits are physical, chemieeld biological modifications to an existing lagoon
system to improve the design, operations, or treatrievel. Common retrofits include adding baffles,
covers, or aeration to the lagoon system.

Top of Berm,
_ ftwide

A\ .
h [ .
Emergency Spillway Freeboard (includes safetyvolume of the 25 yr, 24 hr storm event) 1ft mlgn berm

or overflow pipe, __ Ftofstoragedepth slope:
__fiofdepth __ Gallons of storage _ ftrun
_ ftrise

Maximum Operating Level
Ft of depth Storage Volume (wastewater flows and 1-in-10- year rainfall minus

evaporation) Total Depth

__ Gallons of storage
__ Ftofdepth

_ Ftofstoragedepth

__ Gallonsof storage

—_ e
Minimum Operating Level .
~ Fof depth Bottom Seal Protectionor sludge storage depth It

_ Gallons of storage Design slope:
_ ftrun
1  ftrise

Figure G-1. Lagoon Storage Basin Cross Section Terminology

Leachate: water that has percolated through sastevor has come in contact with solid waste asd ha
extracted, dissolved, or suspended materials ftom i

Locator wire: used to assist in locating pipes ather lines after they've been buried in the grou@dce a
pipe is laid down, locator wire is placed alonglésgth and buried adjacent or on top of the pijseator wire
is also known as tracer wire.
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Manure: Any form of litter, manure, wastewater,maai mortality byproduct or other organic residuals
collected from the production areas of animal fegdiperations.

Manure storage structure: A fabricated structureasthen basin used to store manure, litter, anutGmess
wastewater.

Net Positive Suction Head (NPSH): the absolutd thtaamic head of the pumped liquid at the sucége of a
pump.

Population Equivalent (PE):
» Hydraulic PE: the calculated population which ndiyneontributes the same amount of flow per day.
The common base is one hundred (100) gallons pétagaer day.
* Organic PE: the calculated population which norgnedintributes the same amount of Bi2r day.
The common base is 0.22 pounds of B@er capita per day.

Potable water: water which is safe for human comion in that it is free from impurities in amoursisfficient
to cause disease or harmful physiological effects.

Precipitation:
* One-in-ten (1:10)-year: the wettest precipitati@pexted once every ten (10) years for a three laahdr
sixty-five (365)-day period, based on at leasttyh(BO) years of records from the National Climatic
Data Center.
« Twenty-five (25)-year, twenty-four (24)-hour: theettest precipitation event for a twenty-four (24uh
period with a probable recurrence interval of oimcventy-five (25) years based on at least th{8()
years of records from the National Climatic Datatée

Process wastes: the waste, wastewater, sludges|ids and residuals which during manufacturing or
processing, comes in direct contact with or redutts) the production or use of any raw materiaklimediate
product, finished product, by-product, or wastedoici. Process waste includes but is not limitegdste
generated from commercial establishments wherevéiste is similar in composition to domestic wastewa
but which may have one (1) or more of its constitsexceed typical domestic effluent ranges fraseatic
tank or other pretreatment component.

Pump and haul: a system which temporarily holdsekiio or process wastewater; the wastewater is then
pumped down and hauled to an appropriate wastewatgment facility for ultimate disposal.

Pump station: designed to move wastewater fromrdavhigher elevation through pipes or conduitse Ky
components are pumps, valves, and electrical eqnpm pump station is considered part of a sangawer
system that is generally operated and maintaineshleyof the continuing authorities listed in 10 CER
6.010(3)(B).

Rainfall minus evaporation (R-E): The average deptmonthly liquid precipitation minus evaporatias
published in the most recelNational Weather Service Climate Atlas for the geographical region of the
proposed structure.

Re-rating: wastewater treatment facility re-ratisghe practice of evaluating a facility to assebgther the
facility can operate at loading levels higher avéo than the level originally specified during dgsi
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Sanitary sewer system: a collection system desigmednvey wastewater to treatment or other didposa
facilities. Maintenance and ownership of the sapis@wer system is the responsibility of one (1jhef
continuing authorities listed in 10 CSR 20-6.01(83)

Screening device: a device which physically remamesganic objects from wastewater such as ragsmpa
plastics, and other such debris to prevent damagelagging of downstream equipment, piping, and
appurtenances.

Screenings: rags, toilet paper, disposable wipasht and other large, nuisance inorganic matandtse
wastewater.

Scum: particles that float to the surface of theill.

Septage: the liquid and solid material pumped feoseptic tank, cesspool, or similar domestic wastemw
treatment system, or a holding tank when the systarteaned or maintained.

Service connection: the connection point of theiserline and the sanitary sewer system which evated and
maintained by one (1) of the continuing authoritised in 10 CSR 20-6.010(3)(B). Also, see senlice.

Service line: a pipe or conduit that conveys waatewfrom a building, structure, or dwelling to gervice
connection. Maintenance and ownership of the seriie is generally the responsibility of the prap@®wner.
Also, see service connection.

Sewer: a pipe or conduit that conveys wastewatetamwater.

Short circuiting: water that moves quickly from tihéet of a structure to the outlet, without prdgetispersing.

Side water depth: the vertical distance from tlpedbthe overflow weir to the top of the slopedigsg floor in
circular settling tanks, sludge hopper in rectaagséttling tanks, or suction head in suction headtling
tanks.

Sludge: the solid, semi-solid, or liquid residumoved during the treatment of domestic wastewater i
treatment facility. Sludge includes, but is notited to; scum or solids removed during primary osetary, or
advanced wastewater treatment processes, septagany material derived from sludge. Sludge doés no
include grit, screenings, industrial residualsasin generated during the incineration of sludgsoAdee
industrial residuals.

Sludge hopper: the lowest point of a settling tetiere sludge accumulates and is removed.
Solid manure: Manure that can be stacked with@a fiowing liquids.

Spillway: any passageway, channel, or structurenag closed or both, designated expressly or pilyrta
discharge excess wastewater from a basin aftevaher storage elevation has been reached.

Static head: the difference in elevation betweerstirface from which the pump draws wastewatertlaad
surface into which the outlet discharges.
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Storage volume: The volume of manure, runoff, waskw rainfall, and additional water sources betwhe
lower and upper operating levels.

Storm Event:

» Catastrophic storm event: a precipitation evernivety-four (24)-hour duration that exceeds the
twenty-five (25)-year, twenty-four (24)-hour stoevent as defined by the most recent publication of
theNational Weather Service Climate Atlas.

» Chronic weather event: the chronic weather eveltowibased upon an evaluation of the ten (10)-year
return rainfall frequency over a ten (10)-day mn@0)-day, one hundred eighty (180)-day, and three
hundred sixty-five (365)-day operating period. W@§éhe University of Missouri’s Missouri Climate
Center analysis of when a chronic weather evemtasirring for any given county in Missouri is
preferred.

Subsurface soil dispersal: a method of disperdifigeat from a wastewater treatment facility intdbsurface
soil uniformly and under unsaturated soil condsi@liowing for efficient water use and nutriental# by
vegetation.

Supplemental treatment: includes processes andichlsmitilized by a wastewater treatment facildy t
facilitate operations or to meet effluent limithi3 can include tertiary treatment processes, iatdit
preliminary treatment processes, or the additiocheimicals.

Total Dynamic Head (TDH): the total head at whigbuap operates at any given discharge rate.

Total Suspended Solids (TSS): solid particles wiezhain in suspension in water as a colloid ortduée
motion of the water. TSS is the dry-weight of filtble solids particles (including organic and ireorig)
dispersed in water.

Treatment volume: The permanent volume maintairgovbthe lower pumpdown designed for anaerobic
treatment of manure based on latitude.

Trench cross section: trench cross section termdepicted in the followingigure G-2, included herein:

XVi



Glossary

DRAFT Missouri Wastewater Destgumdes
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Figure G-2. Trench Cross Section Terminology.

Ultraviolet disinfection: a physical process thagtivates microorganisms as the wastewater flows b
ultraviolet light.

» Closed vessel ultraviolet: a design consistinglwhuiolet lamps fully enclosed in a conduit witiet
waste flow. In order to provide maintenance, clogessel systems are taken off-line and removed in
entirety.

* Open channel ultraviolet: a design comprised of mexland banks. In order to provide maintenance,
modules may be removed without interrupting sertacte remaining modules and banks on-line.

=  Bank: a grouping of modules that forms a compleiié eapable of treating the full channel
design width and depth, in which light output canaoitomatically adjusted or turned ON/OFF in
relation to effluent flow variations, and is elecaily or physically connected together or
physically adjacent to each other.

=  Module: a grouping of ultraviolet lamps electtigand physically connected to each other.

Waste treatment lagoon: A lagoon that is sizedateetthree hundred sixty-five (365) days of storagjame
and adequate treatment volume.

Wastewater: A combination of manure, washwatemifunainfall, and process wastewater.

Wastewater flow: The annual rate of wastewaterrdmurted to an animal waste management system.

Wastewater irrigation: the application of wastewatterates up to the maximum amount which can be
renovated by the soil—plant filter without detrini@reffects to surface or groundwater soils or srdghe land
application of wastewater may recharge the localigdwater or reemerge into streams; thereforegtlaéty,
direction, and rate of movement and local use efgtoundwater, present and future, are important
considerations in evaluating a proposed site. Mi@ctors in the design of land application systames
topography, soils, geology, hydrology, weatherjadtural practice, crop, use of crop, adjacentllase,
equipment selection and installation.
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Wastewater reuse: (i.e., reclaimed or recycled ivéte¢he process of converting wastewater intoewttat can
be reused for other purposes. Reuse may includienishing surface water and groundwater. Reusedrwat
may also be directed toward fulfilling certain neéul residences (e.g. toilet flushing), businesaed,industry.

Wastewater Treatment System:

» Centralized: a single sewer system and treatmeilityaunder common ownership and management for
an entire community or development.

» Decentralized: wastewater treatment systems useallert, treat, and disperse or reclaim domestic
wastewater from individual homes, clusters of hgrbeddings, or isolated communities at or near the
point of waste generation.

" Individual onsite wastewater treatment system. gteay relying on natural processes and/or
mechanical components serving one dwelling or Ingldreating with or without dispersing into
the soil onsite.

" Cluster wastewater treatment system. A wastewatkzation and treatment system under some
form of common ownership which collects wastewétam two or more independent dwellings
or buildings but not the entire community or deyeh@nt and conveys it to a treatment and
dispersal system located near the dwellings odingk.

Water supply source: all sources of water supptiuiging wells, infiltration galleries, springs, eggoirs, lakes,
streams, or rivers from which water is derivedgablic water systems, including the structures doits,
pumps, and appurtenances used to withdraw water the source or to store or transport water tonthier
treatment facility or water distribution system.

Watertight: condition ascribed to a device thatdastructed so that no water can move into or biitexcept
by design through inlets and outlets

Wet well: a below-grade structure of a pumpingistainto which the liquid flows and from which tpemps
draw suction.
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Abbreviations and Acronyms

ABS—Acrylonitrile-Butadiene-Styrene

ASTM—American Society of Testing and
Materials

AWWA—American Water Works Association
BOD—Biochemical Oxygen Demand
BTU—RBritish Thermal Units
CBOD—Carbonaceous Oxygen Demand
cfm—Cubic Feet per Minute

cfs—Cubic Feet per Second
CIPP—Cured-in-place-pipe

CORMIX—Cornell Mixing Zone Expert System
DAF—Dissolved Air Flotation
DNR—Department of Natural Resources
DO—Dissolved Oxygen

EC—Electrical Conductivity

EDU—Equivalent Dwelling Unit
EPA—Environmental Protection Agency
FEMA—Federal Emergency Management Agency
FIS—Flood Insurance Study

F/M—Food to Microorganism Ratio
FOG—Fats, Qils, and Grease

GAC—Granular Activated Carbon
GFCI—Grand Fault Circuit Interruption

gpd—Gallons per Day

HDPE—High Density Polyethylene
HLR—Hydraulic Loading Rate

HMWPE—High Molecular Weight Polyethylene
I/I—Inflow and Infiltration

LPP—Low-Pressure Pipe

LTAR—Long Term Acceptance Rate
L:W—Length to Width Ratio

MAFR—Minimum Airflow Rate
MBBR—Moving Bed Bioreactor
MBR—Membrane Bioreactor

MCRT—Mean Cell Residence Time
mg/L—Milligrams/Liter

MGD—Million Gallons per Day

MLSS—Muixed Liquor Suspended Solids
MLVSS—Mixed Liquor Volatile Suspended Solids
MOP—Manuel of Practice

NEC—National Electrical Code

NEMA—National Electrical Manufacturers
Association

NIOSH—National Institute for Occupational Safety
and Health

NPDES—National Pollutant Discharge Elimination
System

NPSH—Net Positive Suction Head

O&M—Operation and Maintenance
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PAA—Peracetic Acid

PAC—Powdered Activated Carbon
PAN—PIlant Available Nitrogen
PE—Population Equivalent

PFRP—Process to Further Reduce Pathogens
PLC—Programmable Logic Controller
PPE—Personal Protective Equipment
psi—Pounds per Square Inch
PSRP—Process to Significantly Reduce Pathogens
PVC—Poly Vinyl Chloride

RAS—Return Activated Sludge

R-E—Rainfall Minus Evaporation

SA—Surface Area

SARA—Superfund Amendments and
Reauthorization Act

SBR—Sequencing Batch Reactor

SCEM—Standard Cubic Feet per Minute
SRT—Solids Retention Time
SSO—Sanitary Sewer Overflow
STEP—Septic Tank Effluent Pumped
STEG—Septic Tank Effluent Gravity
TBOD—Total Biochemical Oxygen Demand
TDH—Total Dynamic Head

TKN—Total Kheldahl Nitrogen
TSS—Total Suspended Solids
UPS—Uninterruptable Power Supply
USCS—United Soil Classification System
USGS—United States Geological Survey
UV—Ultraviolet Radiation
UVT—UIltraviolet Radiation Transmittance
WAS—Waste Activated Sludge

WEF—Water Environment Federation
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Chapter 1: Engineering—Reports, Plans, and Specifations

Engineering Services. Engineering services arepedd in three (3) steps—
1. Engineering report or facility plan;
2. Preparation of construction plans and specificatiamd
3. Contractual documents, construction compliancgaanogon, administration, and acceptance. It ifien t
owner’s interest to work with the engineer and cactbr on the expectations and scope of work early
the process of drafting these documents.

The Missouri Wastewater Design Guides covers #rastin the first and second steps above.

Submittal. Engineering reports or facility plans must be approed by the Department prior to the
submittal of the plans, specifications, and the apppriate permit applications and fees [See 10 CSRO2
8.110(2)(A)].

Engineering Reports or Facility Plans.

* Engineering reports shall be completed for projectsnvolving collection systems, pumping
stations, and force mains [See 10 CSR 20-8.110(2)B.

» Facility plans shall be completed for projects invlving wastewater treatment facility projects and
projects receiving Department funding through the gant and loan programs under 10 CSR 20-4,
Grants and Loans [See 10 CSR 20-8.110(2)(B)Zpr federal or state financed grant or loan prsject
additional requirements may apply.

* An engineering report or facility plan—

Identifies and evaluates wastewater related proglem

Assembles basic information;

Presents criteria and assumptions;

Examines project alternatives (with preliminarydats and cost estimates);

Describes system reliability for each unit opematiath the largest unit out-of-service;

Describes financing methods;

Sets forth anticipated user charges;

Reviews organizational and staffing requirements;

Offers a conclusion with a proposed project foericonsideration; and

Outlines official actions; time schedules and pduees to implement the project.

» The concept (including process description anahgjzifactual data, and controlling assumptions and
considerations for the functional planning of wastter facilities are presented for each process uni
and for the whole system. These data form the comig technical basis for the detailed design and
preparation of construction plans and specification

e Architectural, structural, mechanical, and eleetritesigns are usually excluded. Sketches may be
desirable to aid in presentation of a project. @atkpecifications of process units, special egeipim
etc., are occasionally included.

Approval. No approval for construction shall be issued untifinal detailed plans and specifications are
signed, sealed, and dated by a Missouri registergnofessional engineer, submitted, and found to be
satisfactory by the Department [See 10 CSR 20-8.1(P)(C)].

Pre-Design Meeting. A pre-design meeting is reconurd for wastewater treatment facility projectdwiite
applicant, design engineer, and Department in d#tece to discuss alternative evaluations, chamgesope of

1
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work, requests for designs based on equivalerr@jtschedule of submittal and review, and appleca
reliability guidelines.

1.1 Hydraulic Capacity and Organic Loading

1.1.1 Existing Systems

Hydraulic capacity for wastewater facilities to seve existing collection systems. Projections shalebmade
from actual flow data to the extent possible usingo less than one (1) year of data [See 10 CSR 20-
8.110(3)(A)1.].

» Evaluate the probable degree of accuracy of dataesjections for all critical design flow conditis.
Include this confidence estimation evaluation &f élccuracy of existing data and an evaluationef th
confidence of estimates of flow reduction anticgahtiue to infiltration/inflow (I/) reduction ordiv
increases due to elimination of sanitary sewerftoses, backups, or hydraulic restrictions. Consider
design precipitation events with representativeflcharacteristics and groundwater elevations to
ensure a higher degree of accuracy when estimgtiregduction.

* Include critical data and methodology used in taweation. Include graphical displays of criticalgk
wet weather flow data (e.g., design maximum day fldesign peak hourly flow, and design peak
instantaneous flow) for a sustained wet weathev fleriod of significance to the project.

Combined sewer interceptors. In addition to the abwe requirements, interceptor sewers for combined
sewers shall have capacity to receive a sufficiegtiantity of combined wastewater for transport to
treatment facilities to ensure attainment of the apropriate water quality standards [See 10 CSR 20-
8.110(3)(A)2.].

Design of organic capacity of wastewater treatmerfacilities to serve existing collection systems.
Projections shall be made from actual waste load diato the extent possible using no less than onée (1
year of data [See 10 CSR 20-8.110(3)(A)3.].

» Compare projections to those described in subseétib.2 and make an accounting for significant
variations from those values.

« Evaluate the probable degree of accuracy of datgesjections for all critical design organic
conditions.

» Septage and leachate may contribute significardrocgoad and other materials which can cause
operational problems and non-compliance with NPPE®nit limitations. When septage or leachate is
to be discharged to the wastewater treatment igadonsult with the Department. Refer to secti6r@
and 6.9.

Industrial sources. A list of industrial sources ad their documented hydraulic and organic contributions
shall be submitted to the Department [See 10 CSR 8110(3)(A)4.].

1.1.2 New Systems

Hydraulic capacity for wastewater facilities to seve new collection systems. Flow estimates shall be
identified for the design average flow and designgak hourly flow based on the design year and used a
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basis for the design of sewers, pump stations, amehstewater treatment facilities [See 10 CSR 20-
8.110(3)(B)1.].
* The sizing of wastewater facilities receiving flolmsm new wastewater collection systems consistent
with Table 1-1 shows minimum design organic and hydraulic loaslingless water use data or other
justification upon which to better estimate flowpiovided.

Table 1-1. Minimum Design Loadings'.

. Organic Loadin Hydraulic Capaci
Type of Establishment (poundgs BOD/day/cgpita) (gyallons/daylgapig)
Employee sanitary waste 0.10 15
Residential
Single family dwellings 0.22 75-100
Apartments or condominiums 0.22 60-100
Mobile homes 0.22 75-100
Food or Drink Establishments (wastes per patron)
Tavern or bar (not serving 0.06 5
food)
Fast-food (paper service) 0.07 3
Café or restaurant 0.08 5
Restaurant serving alcoholic 0.09 5
beverages
Schools (wastes per student)

Day school, no cafeteria, gym, 0.02 10
or showerd

With cafeteria—ADD 0.07 4

With gym and showers—
ADD 0.01 10
Boarding Schools 0.22 75

Institutions (per bed)
Hospitals 0.27 125-200
Nursing homes 0.22 100-125
Prisons 0.30 125-200
Other institutions 0.22 100-150
Commercial and Recreational

Public parks (toilets only) 0.02 5
Public parks Wlth bath house, 0.06 15-25
showers, and toilets
Swimming pools and beaches 0.06 15-25
Country clubs (per resident 0.17 75-100
member)
Country clubs (per member 0.06 15-25
present)
Service stations (per customer) 0.01 5
Laundromats (per machine) 1.25 580
Hotels 0.15 50
Motels (without restaurants) 0.10 40
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Luxury resorts 0.17 75
Camper trailers 0.08 30
Work or construction camps 0.15 60
Churches (per patron without
food service facility, day care, 0.01 5-10
or camp)

Stores, malls, or shopping

centers (per 1,000 square feet 0.34 200
of floor area)

Stadiums, auditoriums, 0.01 5
theaters, or drive-ins (per seat) '

Winery (per ton of fruit 0.80 5

crushed without restaurant)

! For on-site systems, jurisdiction and permit deteation is based on 19 CSR 20-3.060(E) Table
2A —Quantities of Domestic Sewage Flows.

’Garbage grinders are assumed for all except coniharw recreational facilities; increasing the
organic loading by 0.05 pounds B@per capita per day.

3Gallons per day per capita includes normal infiitra for residential systems.

“Generally means eight (8)-hour shift employeesstitiitions, commercial establishments,
factories, and similar establishments. Add totaplelyee waste, if applicable, to the appropriate
patron or residential total froffable 1-1.

» Population to be served. Follovable 1-2 when determining the population for which to desig
wastewater facilities.

Table 1-2. Minimum Population Equivalent.

. Capita/Unit

Type of Establishment (PE)
Residences 3.7
Apartments or condominiums—
(1 bedroom) 2.0
(2 bedrooms) 3.0
(3 bedrooms) 3.7
Mobile homes 3.0-3.7
Camper trailers without sewer hookup 2.5
Camper trailers with sewer hookup 3.0
Motels 3.0

Peaking factor. The average design flow value shdle used in conjunction with a peaking factor fronthe
following Equation 1-1, included herein [See 10 CSR0-8.110(3)(B)2.].

Equation 1-1. Ratio of peak hourly flow to design average flow.

Peaking Factor = Q Peak Hourly / Q Design Avg =£1%) / (4 +VP)
Where:
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Q Peak Hourly = design peak hourly flow
Q Design Avg = design average flow
P = Population in thousands

I/l contributions. Where the new collection systems to serve existing development, the likelihood df
contributions from existing service lines shall bevaluated and design wastewater facilities accordgty
[See 10 CSR 20-8.110(3)(B)3.].

Organic capacity of wastewater treatment facilitiedo serve new collection systems. Organic capacity
estimates shall be identified for the design aver@gBODs based on the design year and used as a basis for
the design of wastewater treatment facilities [SeB) CSR 20-8.110(3)(B)4.].
* Base domestic wastewater treatment design on Table
* For nitrification purposes, use 0.036 pounds Ti§faldahl Nitrogen (TKN) per capita per day.
* Refer to subsection 1.1.1 for industrial sources.
» Refer to subsection 1.1.1 for septage and leachate.
« Data from similar municipalities may be utilizedtire case of new systems. However, provide thorough
investigation that is adequately documented tdpartment to establish the reliability and
applicability of such data.

1.1.3 Drinking Water Use Records

When facilities propose drinking water usage as thbasis for design average flow, a facility must pnade
at least one (1)-year of drinking water use records the following form [See 10 CSR 20-8.110(3)(C)]:
e Provide a minimum of twelve (12) continuous monthsf drinking water use records for facilities
which discharge year-round; or
* Provide a minimum of continuous daily water use reards during the entirety of an operating
season for facilities having critical operational shedules (e.g., recreational areas, campuses, and
industrial facilities).

In addition, provide the following:
» Evaluate the probable degree of accuracy of dataesjections for all critical design flow conditis.
Include this confidence estimation evaluation &f élccuracy of existing data; and
* Include any critical data and methodology usedamdgraphical displays of critical peak drinking
water usage.

1.1.4 Re-Rating a Wastewater Treatment Facility

Owners should remember there are sound enginee@sgns for utilizing conservative design criteelated
to the variability of influent flows and loadings.

Department review and approval must be requested wdn a wastewater treatment facility owner
proposes to re-rate an existing wastewater treatmeacility’s current design hydraulic or organic
loading. An engineering re-rating analysis shall beompleted and signed, sealed, and dated by a Missb
registered professional engineer demonstrates thatwastewater treatment facility can reliably operage at
the proposed re-rated loading rate. Include the fdbwing in the re-rating analysis [See 10 CSR 20-
8.110(3)(D)]:
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Hydraulic loading evaluation:

« Evaluate the wastewater treatment facility’s data ér the last five (5) years to determine the
annual average flow, the maximum monthly average dw, the maximum day flow, and the ratio of
the peak flow to annual average flow. Collect alllbw data for these analyses with an accurate flow
meter. Include all calculations and assumptions;

» For a wastewater treatment facility that will not be affected by future growth, calculate the design
average flow for a re-rating using the wastewaterreatment facility’s average annual flow plus one
(1) standard deviation; and

* For a wastewater treatment facility that will be afected by future growth, base the design flow for
a re-rating on future flow, calculated using the aficipated changes from the existing flow. Include
all calculations and assumptionsThe design analysis may use a linear regressiother appropriate
statistical method for predicting the design avertigw when significant data exists.

Organic loading evaluation:
» Calculate the design organic loading based on thev@rage daily organic loading;

* Provide the data used to determine the organic loadg from the analyses of at least three (3)
twenty-four (24)-hour composite samples of the inflent wastewater per week, taken during
days with representative flow, for a period of atéast three (3) months. The data includes
samples collected during both wet and dry weatheranditions; and

» Include sample data of the following parameters, aa minimum, unless monitoring of the
parameter is not a requirement of the NPDES permitBODs5, TSS, ammonia, total nitrogen,
and total phosphorus;

» For a wastewater treatment facility that will not be affected by future growth, base the design
average organic loading for a re-rating on subseain 1.1.4, Hydraulic loading evaluation;

» For a wastewater treatment facility that will be afected by future growth, base the design average
organic loading for a re-rating on subsection 1.4, Hydraulic loading evaluation; and

« Evaluate the size of each unit process to determiniethey are appropriately sized to provide
adequate treatment based on the re-rated design aagic load;

Existing unit processes. Examine each unit proce$sr their design and peak loadings as well as the
overall wastewater treatment facility. Normally one(1) unit process will be most restrictive in terms
of design capacity. Include solids processing, hahidg, and storage in this analysis as well;

Impact on effluent guality. Impact of the proposedchange of the facility’s ability to reliably and
consistently comply with the NPDES permit effluentimitations and conditions;

Potential for upsets. The potential for treatment &cility upset, bypass, or permit violations, incluéhg
an evaluation of the environmental and public heah consequences; and

Impact on growth. Evaluate the system’s historicaind anticipated rate of growth and the impacts of
re-rating the facility.

Impact on operation and maintenance. Include thEaahon operators and the need for additional gsoce
control(s) and monitoring.
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1.2 Engineering Report

Engineering reports shall include the following inthe subsections below, at a minimum [See 10 CSR 20-
8.110(4)].

1.2.1 Cover Page

Include a statement identifying the owner and contiuing authority (refer to 10 CSR 20-6.010(3)(B)), a
contact person for each (including phone number andddress), and signed, sealed, and dated by a
Missouri registered professional engineer [See 10SR 20-8.110(4)(A)].

1.2.2 Problem Defined

Include a description of the existing system and aavaluation of the conditions and problems needing
correction [See 10 CSR 20-8.110(4)(B)].

1.2.3 Hydraulic and Organic Loads

Establish the anticipated design average and desigreak flows and organic loads for the existing and
ultimate conditions. Include the basis of the projetion reflect the existing or initial service areaand the
anticipated future service area. More detail on flav and organic load information and data needed for
new collection systems are included in section 1[3ee 10 CSR 20-8.110(4)(C)].

1.2.4 Impact on Existing Wastewater Facilities

Evaluate the impact of the proposed project on dowstream existing wastewater systems (including
gravity sewers, alternative sewers, pumping stati®) force mains, and treatment facilities) [See 10SR
20-8.110(4)(D)].

1.2.5 Project Description

Provide a written description of the project [See @ CSR 20-8.110(4)(E)].

1.2.6 Location Drawings

Provide drawings identifying the site of the projet and anticipated location and alignment of propose
facilities [See 10 CSR 20-8.110(4)(F)].

1.2.7 Engineering Criteria

Include engineering criteria to be used in designfdhe project [See 10 CSR 20-8.110(4)(G)].
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1.2.8 Site Information

Provide project site information, where applicable,including topography, soils, geologic conditions,
depth to bedrock, groundwater level, floodway or fbodplain considerations, distance to water supply
structures, roads, residences, and other pertinersite information [See 10 CSR 20-8.110(4)(H)].

1.2.9 Alternative Selection

Discuss the reasons for selection of the proposeltesnative, including any pumping station sites,
feasibility, and how the project fits into a long erm plan [See 10 CSR 20-8.110(4)(1)].

1.3 Facility Plan

Facility plans shall include the following in the sibsections below, at a minimum, in addition to sen
1.2 [See 10 CSR 20-8.110(5)].

1.3.1 Planning and Service Area

Include a description or drawings of the planning @ea, existing and potential future service areashe
site of the project, and anticipated location of tke proposed facilities [See 10 CSR 20-8.110(5)(A)].

1.3.2 Population Projection and Planning Period

Base the present and predicted population on a twén(20)-year planning period. Consider phased
construction of wastewater facilities in rapid growth areas. Design sewers and other facilities with a
design life in excess of twenty (20) years for trextended period [See 10 CSR 20-8.110(5)(B)].

1.3.3 Wastewater Treatment Facility Design Capay

The wastewater treatment facility design capacitys the design average flow at the design average BOD
Establish the anticipated design average and desigreak flows and waste loads for the existing and
ultimate planning period. Include the basis of theprojection of initial and future flows and waste Iads.
Refer to section 1.1 [See 10 CSR 20-8.110(5)(C)].

1.3.4 Initial Alternative Development

Discuss the process of selection of wastewater ttegent alternatives for detailed evaluation. Includeall
wastewater management alternatives considered, inading no action, and the basis for the engineering
judgement for selection of the alternatives chosefior detailed evaluation [See 10 CSR 20-8.110(5)(D)]

1.3.5 Detailed Alternative Evaluation

Include the following for the alternatives to be ealuated in detail [See 10 CSR 20-8.110(5)(E)]:
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» Collection system revisions. Evaluate the proposeévisions to the existing collection system
including adequacy of portions not being changed bthe project;
* Wet weather flows. Provide facilities to transportand treat wet weather flows in a manner that
complies with federal, state, and local regulations
» Evaluate the no-discharge option and include it aan alternative in the facility plan. Also refer to
10 CSR 20-6.010(4)(D)1.;
» Evaluate the regionalization option and include itas an alternative in the facility plan;
* Include the information outlined in section 11.3 wlen the project includes wastewater irrigation or
subsurface soil dispersal;
e Site Evaluation. Consider the following criteria duing site evaluation. Take appropriate measures
to minimize adverse impacts when a site is criticakith respect to the following items:
= Consider compatibility of the treatment process with the present and planned future land use,
including noise, potential odors, air quality, andanticipated solids processing and disposal
techniques. Refer to Chapter 5, Minimum SeparatiorDistances for minimum separation
distances.Non-aerated lagoons should not be used if exaessiNate is present in the wastewater.
Wastewater treatment facilities should be sepdrate habitation or any area likely to be built up
within a reasonable future period;
= Identify zoning and other land use restrictions;
= Evaluate the accessibility and topography of the t&;
= Identify areas for future facility expansion;
= |dentify the direction of prevailing wind;
» For flood protection, refer to Chapter 5, Flood Prdection;
» Include geologic information, depth to bedrock, kast features, or other geologic
considerations of significance to the project;
= A geohydrologic evaluation conducted by the Departent’s Missouri Geological Survey is
required in the following instances [See 10 CSR 20110(5)(E)6.G.]:
o All new wastewater treatment facilities to identifystream determinations (gaining or
losing);
o All new outfalls or relocated outfalls;
o All new or modified earthen basin structures. Eartlen basin structures shall not be located
in areas receiving a severe collapse potential ratj [See 10 CSR 20-8.110(5)(E)6.G.(l1)].
Earthen basin structures located in areas receiving severe overall geologic limitation
rating are reviewed on a case-by-case basis. Earthbasin structures located in areas
receiving a moderate collapse potential rating wittan appropriate engineering solution are
reviewed on a case-by-case basis; and
o All new features (e.g. wastewater irrigation sitessubsurface soil dispersal sites, etc.);
= Protection of groundwater including public and private wells shall be provided [See 10 CSR
20-8.110(5)(E)6.H.]. When the proposed wastewateadilities will be near a water source or
other drinking water facility, as determined by the Missouri Geological Survey or by the
Department’s Public Drinking Water Branch, include an evaluation addressing the allowable
distance between these wastewater facilities andehvater source. Refer to Chapter 4, Potable
Water Sources and Chapter 5, Minimum Separation Dignces;
= Determine the soil type and suitability for constriction and depth to normal and seasonal high
groundwater;
= Submit a soil morphology analysis conducted by a @lified soil scientist for all subsurface soil
dispersal systems. Refer to section 1.5;
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= Identify the location, depth, and discharge point bany field tile or curtain drain in the
immediate area of the proposed site;

» Include the present and known future effluent qualiy and monitoring requirements;

» Provide a discussion of receiving waterbody accefs the outfall line; and

* Include a preliminary assessment of site availabtly;

* Engineering criteria. Provide the engineering criteéia and assumptions used in the design of the
project. Provide the basis for unit operation and peliminary unit process sizing. Refer to
subsection 1.3.8 for additional information;

» Location Drawings. Provide drawings identifying thesite of the project and anticipated location
and alignment of proposed facilities;

» Flow diagram. Provide a preliminary flow diagram of treatment facility alternatives including all
recycle flows;

» Flexibility. Assure compliance with requirementsaofangement of units and flexibility per subsetsio
5.2.6 through 5.2.7;

» Removal efficiencies. Provide estimated loadings nd removal efficiencies through each unit
operation in addition to total removal efficiency and effluent quality (both concentrations and
mass);

« Emergency operation. Provide a discussion of emengey operation measures as outlined in
section 4.6 and subsection 5.5.1;

* New and innovative technology. See section 1.4. Rite a contingency plan, in the event that such
new technology fails to meet the expected performas;

* Nutrient removal. Provide a discussion of nutrienremoval capabilities including footprint
available for expansion or treatment facility modifcations necessary for nutrient removal for each
alternative;

» Solids. Include the solids handling and disposal &@rnatives considered and method selected.
Assure compliance with requirements of Chapter 8 aghany conditions in the NPDES permitThis
Is critical to completion of a successful project;

» Treatment during construction. Develop a plan for he method and level of treatment (including
solids processing, storage, and disposal) to be @Ved during construction and include it in the
facility plan. Refer to subsections 1.7.1 and 1.8.3

» Operation and maintenance. ldentify portions ofta@ect which involve complex operation or
maintenance requirements including laboratory meqouénts for operation, industrial sampling, and sel
monitoring;

» Cost estimates. Present cost estimates for capitanstruction cost, annual operation and
maintenance cost (including basis), and a twenty @2-year present worth cost for each alternative;

« Environmental review. Include any additional envircnmental information meeting the criteria in
10 CSR 20-4.050, for projects receiving funding tlough the state grant and loan programsGive
consideration to minimizing any potential adversei®nmental effects of the proposed project.
Provide documentation of compliance with plannieguirements of federal, state, and local agencies;
and

» Water quality reports. Submit all reviews, studiesor reports in accordance with 10 CSR 20-7,
Water Quality.

10
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1.3.6 Final Project Selection

Present the selected project from the alternativesonsidered under subsection 1.3.5, including the
financing considerations and recommendations for iplementation of the plan. Provide a project
implementation schedule identifying project milestoes [See 10 CSR 20-8.110(5)(F)].

1.3.7 Appendices Technical Information and DesigCriteria

Due to the complexity of wastewater facilities ondling issues, include the following informatioronpthe
request of the Department. All system design infdram for all review purposes will be consideredlipninary
design data.

« Process facilities. Criteria selection and basyslraulic and organic loadings—minimum, average,
maximum, and effect (wastewater and sludge prosgsseit dimensions; rates and velocities;
detentions concentrations; recycle; chemical agglitontrol; physical control and flow metering;
removals; effluent concentrations, etc. (includeeparate tabulation for each unit to handle soldl a
liquid fractions); energy requirement; and flexityil

» Process diagrams. Process configuration, interaimgepiping, processing, flexibility; hydraulic
profile; organic loading profile; solids profilepleds control system; and flow diagram with capiasit
etc.

» Laboratory. Physical and chemical tests and frequémcontrol process; time for testing; space and
equipment requirements; and personnel requiremantsa brief description of the laboratory facility
See section 5.8.

» Operation and maintenance. Routine special maintenduties; time requirements; tools, spare parts,
equipment, vehicles, safety; maintenance workspadestorage; and personnel requirements.

» Chemical control. Processes needing chemical adglithemicals and feed equipment; and tabulation
of amounts, units, and total costs.

» Collection systems control. Cleaning and mainteaaregulator and overflow inspection and repair;
flow gauging; industrial sampling and surveillanogjinance enforcement; equipment requirements;
trouble-call investigation; and personnel requiratae

» Control summary. Personnel; equipment; chemicailgjes, list power requirements of major units;
and summation.

1.4 New and Innovative Technology

The policy of the Department is to encourage ratian obstruct the development of any new methods o
equipment for treatment of wastewater. The lackcdiision in the Missouri Wastewater Design Guidds,
some types of wastewater treatment processes gmegut should not be construed as precluding trssr

1.4.1 Evaluation of Technology Performance

The Department may approve new technologies ofemager treatment processes and equipment under the
condition that the operational reliability and etigeness of the process or device has been deratetsivith a
suitably-sized prototype unit operating at its gadbad conditionsTo determine new technologies of
wastewater treatment processes and equipment or ajipations have a reasonable and substantial chance

of success, the facility plan requesting Departmerapproval shall include the following, at a minimum
11
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[See 10 CSR 8.110(6)(A)]:

Monitoring observations, including test results andengineering evaluations demonstrating the
efficiency of processesr equipment;

Detailed description of the sampling protocol anddst methods which are sufficiently sensitive
analytical methods for detecting, identifying, andneasuring the concentrations of pollutants;
Testing, including appropriately-composited samplesunder various ranges of strength and flow
rates (including diurnal variations) and waste temgratures over a sufficient length of time to
demonstrate expected performance under the range ofimatic and other conditions which may
be encountered in the area of the proposed instatians. A control group may be needed to
demonstrate effectiveness;

Description of manufacturer’'s warranty and performance warranty including all exclusions or
limitations on the warranty, when available;

Complete design requirements, calculations, and adissumptions clearly documented and
explained;

Documentation of how the new process or equipmentifictions;

A discussion of actual, full-scale operating expegnce or pilot test work. For full-scale operating
experience, include the length of time that each stallation has been in operation. For pilot test
work, include a copy of the associated pilot testl@n and final pilot test results report;
Discussion of known or anticipated start-up issueand operational issues that have occurred or
may occur during the first year of operation;

A description of specific operator knowledge and sks needed to operate the proposed technology
including an estimate of increased operator attentin needed during start-up and the first year of
operation; and

Other appropriate information.

1.4.2 Pilot Test or Demonstration Plan

See 10 CSR 20-6.010(1)(B)8. for more pilot tesbimfation.Proposals for pilot tests and demonstration
projects shall include the following, at a minimum,in addition to the facility plan information in section
1.3 [See 10 CSR 20-8.110(6)(B)]:

Goals, objectives, and benefits with an explanatioas to why a pilot study or demonstration
project is needed to obtain additional engineeringlata;

Literature identifying key design parameters and réated experience;

A description of the proposal with schematic diagrens, pictures, drawings, or any other important
information;

Complete design requirements, calculations, and adissumptions clearly documented and
explained;

Identification of associated environmental impactsboth direct and indirect;

Detailed description of the sampling protocol anddst methods which are sufficiently sensitive
analytical methods for detecting, identifying, andneasuring the concentrations of pollutants;
Complete schedule for testing and evaluation includg start, completion, and submittal of the
pilot test or demonstration results report; and

Other appropriate information.

12
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1.4.3 Supervised Data

The Department may require that appropriate test@rgonducted and evaluations be made under the
supervision of a competent process engineer otlaerthose employed by the manufacturer, developer,
patent holderAll reports, proposals for testing including quality assurance/quality control, pilot test
plans, and engineering evaluation of new processesequipment shall be prepared, signed, sealed, and
dated by a Missouri registered professional engine¢See 10 CSR 20-8.110(6)(C)].

1.4.4 Evaluation of Collected Data

All raw testing data and the evaluation of the dataand performance shall be submitted for Department
review upon conclusion of the project demonstrationThe evaluation shall identify and justify the
removal of any excursions not representative of theew technology process or equipment from the data
evaluation [See 10 CSR 20-8.110(6)(D)Jhe Department will evaluate the applicant providath and
compare it to the applicable effluent limitatiomslavater quality standards to determine the cosrstst of the
new technology or equipment’s performance.

1.5 Soils Report

10 CSR 20-6.010(4)(D)6. outlines when a soils repds applicable [See 10 CSR 20-8.110(7)].

1.5.1 Soils

All soils investigation and resulting reports shallbe performed, signed, and dated by a qualified doi
scientist as defined by section 701.040.1.(2)(e)sMo 2016. Soil observation pits (backhoe or hand dy
excavated to a depth to reveal the major soil horans shall be utilized [See 10 CSR 20-8.110(7)(A)].

1.5.2 Soils Investigation

The Soil Survey Manual by Soil Science DivisionfGtanited States Department of Agriculture Handbook
No. 18, as published March 2017, and/or the Field BookJescribing and Sampling Soils Version 3.0, should
be used as a reference when investigating theérsatiment area(s).

The number of soil observation pits should be sigfit to adequately represent the soils and lapescaf the
proposed soil treatment area(s). The soil obsemwvatits may be supplemented by soil borings to help
determine the extent of similar soil properties.

Each soil profile description should include thiédwing: describers name; date described; slopepects
gradient, shape and position; horizon— nomenclatiepth (i.e., thickness), boundary, and matrixcol
mottling— quantity, orientation and size; redoxiloic features— kind, quantity, and size; texture—
percentage clay and sand (as applicable); struetdype, size and grade, and consistence; rock feag
size and percentage; water table— depth and knmaihage class; flooding— frequency and duration;
ponding— frequency, depth, and duration; vegetatoxeer; and other pertinent features related tdrésment
and control of the effluent within the soil.

13
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1.5.3 Soils Report

The soils report resulting from the investigation kall include the following information, at a minimum
[See 10 CSR 8.110(7)(B)]:

A copy of each soil profile descriptioras described in subsection 1;5.2

Description of all drainage features, rock outcropserosion and other natural features that may

influence the soil treatment area;

Identify any limiting conditions;

Provide documentation of any geologic risk factoraffecting the soil’s ability to treat and disperse

effluent including dense tills, clay pans, fragipas, etc;

Provide a scaled site drawing or include sufficientlimensions to identify all applicable site

features that could impact the soil treatment area). Previously prepared or otherwise available

drawings such as a survey prepared by a Missouri ggstered professional surveyor, an aerial

photograph or digital orthophotograph prepared from a geographical information system, or

other similar drawing may be used. The drawing shold include the following, at a minimum:

= The location of all soil observation pits with theextent of different soils clearly delineated;

»= Any existing or proposed dwellings and structures;

= Any site disturbances such as excavated or fill ass, existing roadways, and other hardscapes
and proposed hardscapes or related site disturbansg

= Location of all public and private wells, abandonedwells, or geothermal systems, and surface
water features that could either influence or be irpacted by the proposed soil treatment area.
Refer to Chapter 5 for minimum separation distances

* North orientation arrow;

= |dentification of areas with conditions that would prohibit, limit or adversely impact the siting
of a soil treatment area including, but not limitedto: sinkholes, wetland vegetation, bedrock
outcrops, areas with a slope greater than fifteengrcent (15%), and existing or abandoned
field or drainage tiles; and

= |dentification of known, proposed, and observed easnents and right-of-ways;

A copy of the United States Geological Survey topogphic map with the proposed soil treatment

area clearly delineated;

A copy of the United States Department of Agricultve Natural Resources Conservation Services

county soil survey map with the proposed soil treahent area clearly delineated; and

Conclusion. Provide a discussion of the findings ahconclusions including the following, at a

minimum:

= Available area for the soil treatment area;

= Depth to limiting layers (e.g., water table, fragi@n, bedrock, etc.);

= Proposed application (loading) rates should take to consideration the drainage and
permeability of the soils and the distance to tharhiting layer. Cite the source of the
application rates for each soil horizon within thespecific soil description;

* Flooding and ponding frequency;

= Any relevant characteristics (e.g., bedrock outcrogp, sinkholes or karst features, etc.) on the
specific site or in the surrounding area that mayndicate vulnerability for surface water and
groundwater contamination;

» Factors affecting the soils ability to treat and hyrologically control effluent; and

= Citation of all documentation used during the invegation and soils report preparation that
led to the findings and conclusions.
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1.5.4 Imported Soils

When a facility is importing soils for the subsurface soil dispersal systems, the following shall be
specified, at a minimum [See 10 CSR 8.110(7)(C)]:
* Imported soils possessing physical characteristi¢hat are uniform in texture, structure, and pore
space. Ensure uniformity and consistency of the pisycal characteristics as close as possible to the
original state after transport;
* A sandy to loamy material, with less than ten perag (10%) clay and less than fifteen percent
(15%) organic debris present;
e Prior to placing any imported soil, ensure an orgait layer is not created by removal of plant
residue and roots from the site;
* To prevent the formation of a platy structure—
= Do not compact imported soil;
= Use of a track type vehicle is encouraged. Whexekttype vehicles are not available, equipment
using high flotation tires should be used. Thesstapply the vehicle’s weight across a large
footprint for less compaction;

» Place imported soil in small “lift” increments of four to six inches (4" — 6") instead of one (1)
thick layer; and

= Vertical separation for the subsurface soil dispera site should consist of native soil with the
fill being the cap with imported soils; and

* Imported soils should be allowed to settle for salveays prior to installation of the subsurfaci so
dispersal system.

1.6 Summary of Design

A summary of design shall be prepared, signed, seal, and dated by a Missouri registered professional
engineer, accompany the plans and specificationsa@include the following in the subsections belovat a
minimum [See 10 CSR 20-8.110(8)]

1.6.1 Hydraulic and Organic Loading

Provide flow and waste projections including desigmand peak hydraulic and organic loadings for sewers
pump stations, and wastewater treatment facilitiesinclude information to verify adequate downstream
capacity of sewers, pump stations, and wastewataeatment and solids handling unit(s) [See 10 CSR 20
8.110(8)(A)].

1.6.2 Process Units

Type and size of individual process units includinghe following: unit dimensions; rates and velocies;
detention times; concentrations; recycle; chemicadditive control; physical control, flexibility, and flow
metering [See 10 CSR 20-8.110(8)(B)].
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1.6.3 Process Diagrams

Show process diagrams, including flow diagrams witlydraulic and organic capacities [See 10 CSR 20-
8.110(8)(C)].

1.6.4 Removal Efficiencies

Expected removal rates and concentrations of perntiéd effluent parameters in the discharge from the
wastewater treatment facility, including a separatdabulation for each unit to handle solid and liqud
fractions [See 10 CSR 20-8.110(8)(D)].

1.6.5 Design Calculations

Design calculations, tabulations, and assumptionsearly documented and explained from Chapters 2
through 12 used in the design of each unit proceasd the system(s) as a whole [See 10 CSR 20-
8.110(8)(E)].

1.6.6 Pump Curves

Include the appropriate pump curve with the systencturve superimposed, as applicable [See 10 CSR 20-
8.110(8)(F)].

1.6.7 Unusual Construction

Include unusual specifications, construction matesdls, and construction methods; maps, photographs,
diagrams; and other support data needed to describéne system [See 10 CSR 20-8.110(8)(G)].

1.6.8 Exempt Design Calculations

Unless stated in Chapters 2 through 12, specific gign calculations for the architectural, structural, and
mechanical components of a system do not have to ineluded with the design criteria [See 10 CSR 20-
8.110(8)(H)].

1.6.9 Anticipated Effluent Quality

Provide the anticipated effluent quality [See 10 C8 20-8.110(8)(1)].The anticipated effluent quality may be
determined by the operating permit, a total maxindaify load, or an antidegradation review.

1.7 Plans

1.7.1 General

Plans shall contain the following, at a minimum [Se 10 CSR 8.110(9)(A)]:

« Plan title. Include the following for all plans for wastewaterfacilities:
16
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1

Bear a suitable title showing the name of the owneand continuing authority (refer to 10 CSR
20-6.010(3)(B));

Show the scale in feet;

Provide a graphical scale;

Indicate the north point;

Signed, sealed, and dated by a Missouri registergutofessional engineer each sheet;

Bear an appropriate title block according to 20 CSR2030-2.050; and

Number each sheet;

» Plan format. Provide a plan that is—

Clear and legible (suitable for scanning);

Drawn to a scalethat will permit all necessary information to be phinly shown;

Indicates the datum used,;

Depicts locations and logs of test borings, whergglicable. Include test boring logs on the
plans or in the specifications as an appendix; and

Blueprints and hand drafted plans are not acceptald;

» Plan contents. Detail plans consist of—

Plan views, elevations, sections, and supplementariews which, together with the
specifications and general layouts, provide the w&mg information for the contract and
construction of the facilities;

Dimensions and relative elevations of structureshe location and outline form of equipment,
location and size of piping, water levels, and grond elevations; and

All known existing structures and utilities, both aove and below ground, which might
interfere with the proposed construction or requireisolation setback, particularly water mains
and water supply structures (i.e., wells, clear whd, basins, etc.), gas mains, storm drains, and
telephone, cable, and power conduits. The locatiasf all existing and proposed water supply
structures located within five hundred feet (500"of the proposed or existing wastewater
treatment facility should be shown;

» Hydraulic profile. Include a hydraulic profile for all wastewater treatment facilities; and

» Operation during construction. Specify the procedue for operation during construction that

complies with the plan outlined in subsections 1.8. and 1.8.3.

1.7.2 Plans of Sewers

General plan. This plan shall show the following [8e 10 CSR 20-8.110(9)(B)1.]:
» Geographical features.

Topography and elevations. Clearly show existing goroposed streets and all streams or water
surfaces. Contour lines at suitable intervals shodlbe included;

Streams. Depict the direction of flow in all strears and high and low water elevations of all
water surfaces; and

Boundaries. Depict the boundary lines of theontinuing authority and the area to be sewered;
and

» Sewers. Show the location, size, and direction do¥v of relevant existing and proposed sanitary
and combined sewers draining to the treatment faatly concerned.

Detail plans. Detail plans shall be submitted witjSee 10 CSR 8.110(9)(B)2.]:
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» Profiles having a horizontal scale of not more thamne hundred feet (100') to the inch and a
vertical scale of not more than ten feet (10") tohie inch. Plan views should be drawn to a
corresponding horizontal scale and shown on the sasheet;
» Location of streets and sewers;
* Line of ground surface; pipe size, material, and tge; length between manholes; invert and surface
elevation at each manhole; grade of sewer betweeach two (2) adjacent manholes; and any
special construction features. Number all manholesn the plan and correspondingly number them
on the profile;
* Where there is any question of the sewer being sidfently deep to serve any residence, plot the
elevation and location of the basement floor on thprofile of the sewer which is to serve the
residence in question;
» Locations of all special features such as invertegslphons, concrete encasements, elevated sewers,
etc.; and
* Furnish detail drawings to show the following particulars:
= All stream crossings with elevations of the strearbed and ordinary high water mark, normal,
and low water levels;

= Details of all special sewer joints and cross-segtis; and

» Details of all sewer appurtenances such as manhol@sspection chambers, inverted siphons,
regulators, tide gates, and elevated sewers.

1.7.3 Plans of Wastewater Pumping Stations

Location plan. This plan shall show the following $ee 10 CSR 8.110(9)(C)1.]:
* The location and extent of the tributary area;
* Any continuing authority boundaries with the tribut ary area; and
» The location of the pumping station and force mairand pertinent elevations.

Detail plans. Detail plans shall showhe following, where applicable [See 10 CSR 8.110(€)2.]:

* Topography of the site;

» Existing pumping station;

* Proposed pumping station, including provisions foinstallation of future pumps;

« Maximum elevation of wastewater in the collectionystem upon occasion of power failure;

* Maximum hydraulic gradient in downstream gravity sewers when all installed pumps are in
operation;

» Test boring and groundwater elevations;

* All pumping station appurtenances such as pumps, s, level control switches, hatches, safety
equipment, ventilation equipment, and hoisting equiment; and

* The one hundred (100)-year flood elevations or higtst historical flood of record elevation and
their boundaries. Refer to Chapter 5, Flood Protedon.

1.7.4 Plans of Wastewater Treatment Facilities

Location plan.
* Alocation plan shall show the wastewater treatmenfiacility in relation to the remainder of the
system [See 10 CSR 8.110(9)(D)1.A.].
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» Sufficient topographic features shall be includedd indicate its location with relation to streams
and the point of discharge of treated effluent [Se&0 CSR 8.110(9)(D)1.B.].

General layout. Layouts of the proposed wastewatdreatment facility shall show [See 10 CSR
8.110(9)(D)2.]—
* Topography of the site;
e Size and location of treatment facility structures;
» Schematic flow diagram(s) showing the flow througlvarious units and showing utility systems
serving the facility processes;
* Piping, including any arrangement for unit isolation (identify materials handled and direction of
flow through pipes, including arrangements for indgpendent operation);
* Hydraulic profiles showing the flow of wastewatersupernatant liquor, recycle streams, and
solids; and
» Test borings and groundwater elevations.

Detail plans. Detail plans shall show the followingwhere applicable [See 10 CSR 8.110(9)(D)3.]:

» Location, dimensions, and elevations of all existgnand proposedtreatment facilities and solids
handling facilities;

» Elevations of high and low water level of the bodgf water to which the facility effluent is to be
discharged;

« Type, size, pertinent features, and operating capéyg of all pumps, blowers, motors, and other
mechanical devices;

* Minimum, design average, and peak hourly hydraulidlow in hydraulic profile with wastewater,
supernatant liquor, and solids flow through the treatment facility;

» Existing and proposed solids storage volumes in pleand profile;

» Adequate description of any features not otherwiseovered by the specifications or facility plan;
and

* The one hundred (100)-year flood elevations or higtst historical flood of record elevation and
their boundaries. Refer to Chapter 3,_Flood Protegon.

1.8 Specifications

1.8.1 Cover Page

Specification shall be prepared, signed, sealed, @dwlated by a Missouri registered professional engeer
for the construction of sewers, pumping stations, astewater treatment facilities, and all other
appurtenances, and accompany the plans. The initiglage shall bear the owner and continuing authority
name, a contact person for each (including phone meber and address) [See 10 CSR 8.110(10)(A)].

1.8.2 Technical Specifications

The technical specifications accompanying construcin drawings shall include the following, but not [
limited to all construction information not shown an the drawings which is necessary to inform the
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builder, in detail, of the design requirements forthe quality of materials, workmanship, and fabricaion
of the project[See 10 CSR 8.110(10)(B)]:
* The type, size, strength, operating characteristi¢eand rating of equipment;
» Allowable infiltration;
* The complete requirements for all mechanical and ettrical equipment (including machinery,
valves, piping, and jointing of pipe);
» Electrical apparatus, wiring, instrumentation, and meters;
» Laboratory fixtures and equipment;
* Operating tools;
» Construction materials;
» Special filter materials (such as stone, sand, gral; or slag);
e Miscellaneous appurtenances;
* Chemicals when used,;
« Instructions for testing materials and equipment asecessary to meet design standards; and
» Performance tests for the completed facilities andomponent units. It is suggested that these
performance tests be conducted at design load coidns wherever practical.

1.8.3 Operation During Construction

Specifications shall contain a program for keepingxisting wastewater treatment facility units in
operation during construction. Should it be necessary to take units out of operatn, specifications shall
include detailed construction requirements and sclaules tomaintain compliance with water quality
standards and the facility’s NPDES permit.See subsections 1.3.5 and 1.7.1 [See 10 CSR 8.10)(0T)].

1.9 Revisions to Approved Plans or Specificatien

1.9.1 General

Any revisions from approved plans or specificationgffecting capacity, flow, system layout, operatiof
units, or point of discharge shall be approved byhte Department in writing, before such changes are
made [See 10 CSR 8.110(11)(A¥ubmit revised plans or specifications in advasfany construction work
to allow time for review and approval for any chasghat impact the permit. Revisions to structural
components or minor changes not affecting capaibitys, or operations will be permitted during ctvostion
without additional approvals. Major revisions t@apved plans or specifications may require a new
construction permit in accordance with 10 CSR 216(4).

1.9.2 Addendum

Addenda shall be signed, sealed, and dated by a Mauri registered professional engineer [See 10 CSR
8.110(11)(B)].
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1.9.3 Change Order

Change orders shall be signed, sealed, and dated &Missouri registered professional engineer. The
owner, continuing authority, and contractor shall sgn and date change orders as well [See 10 CSR
8.110(11)(C)].

1.9.4 As-Built Plans

As-built plans clearly showing the alterations shdlbe submittedupon Department request at the
completion of the work [See 10 CSR 8.110(11)(D)].
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Chapters 2: Gravity Sewers

2.1 Approval of Sewers

Rain water from roofs, streets, and other areas angroundwater from foundation drains shall be
excluded from sewers [See 10 CSR 20-8.120(2)].

2.2 Design Capacity and Design Flow

2.2.1 Sewer Capacity

Design sewer capacities for the estimated ultirtrdiatary population, except when considering paftthe
system that can be readily increased in capadityil&ly, give consideration to the maximum antaied
capacity of institutions, industrial parks, etc.

Evaluate the following factors when determining th@acities of sanitary sewers:
* Design peak hourly flow;
e Additional maximum wastewater or waste flow frorduistrial plants;
« Inflow and infiltration (I/1);
e Topography of area;
» Location of wastewater treatment facilities;
* Depth of excavation; and
e Pumping requirements.

2.2.2 Basis of Sewer Flows

Base sewer flows on the design peak hourly flo@dcordance with section 1.1 and design to prevent o
eliminate sanitary sewer overflows (SSOs).

2.3 Details of Design and Construction

2.3.1 Minimum Size

Gravity sewers conveying raw wastewater are at kaght inches (8") in diameter, except in circuamsies
where smaller diameter pipe can be justified.

The minimum size of six-inch (6") diameter pipe $zhools, resorts, subdivisions located in ruraasy and
similar establishments will be considered basedrgineering justification and approved by the Deapant on
a case-by-case basis.
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2.3.2 Depth

All sewers need to be sufficiently deep so as teike wastewater from basements and be coveredabidiast
thirty-six inches (36") of soil, other insulatioor, material to prevent freezing and to protect tHieom
superimposed loads. Provide insulation for sewstdannot be placed at a depth sufficient to preve
freezing.

2.3.3 Buoyancy

Evaluate buoyancy of sewers. Prevent flotatiorhefgipe with appropriate construction where high
groundwater conditions are anticipated.

2.3.4 Slope

Recommended minimum slopes. Desagid construcall sewers to give mean velocities, when flowinkl fof
not less than two feet (2") per second. The foliman Table 2-1, based on Manning’s formula using an “n”
value of 0.013, are the recommended minimum sldpEsshould be provided for sewers forty-two inc(x’)
or less. However, slopes greater than these mag$ieable for construction, to control sewer gasds
maintain self-cleansing velocities at all ratedl@fv within the design limits.

Table 2-1. Minimum Sopes

Nominal Sewer Size Minimum Slope
(in) (ft/100 ft)
6 0.60
8 0.40
10 0.28
12 0.22
14 0.17
15 0.15
16 0.14
18 0.12
21 0.10
24 0.08
27 0.067
30 0.058
33 0.052
36 0.046
39 0.041
42 0.037

» Sewer sizes not included in the abdwable 2-1 should be designed and constructed to give mean
velocities, when flowing full, of not less than ¢lerfeet (3') per second

Minimum flow depths. Slopes that are slightly |#ssn the recommended minimum slopes may be pednitte
Such decreased slopes may be considered whereptieaf flow will be one-third (1/3) of the diameta
greater for design average floWhe continuing authority of the sanitary sewer syem shall give written
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assurance to the Department that any additional sesv maintenance necessary for reduced slopes will be
provided [See 10 CSR 20-8.120(3)(A)].

Minimization of solids deposition. Select the pghameter and slope to obtain the greatest practalatities
S0 as to minimize settling problems. Oversize sewlt not be approved to justify using flatter gés.
Slope between manholes. Install sewers with unifsiope between manholes.

High velocity protection. Make special provisionawoid scour and protect against displacement cidoyge
erosion or impact where velocities greater tharféen (10') per second are attained.

Steep slope protection. Anchor securely with camegrer equal, sewers on twenty percent (20%) slopes
greater and spa@s follows inTable 2-2, included herein:

Table 2-2. Steep Sope Protection Spacing

Maximum Distance

Slope (%) Center-to-Center (ft)
20-35 36
35-50 24
> 50 16

2.3.5 Alignment

Install sewers twenty-four inches (24") or lesdwmgtraight alignment between manholes. Check $traig
alignment by either using a laser beam or lamping.

Curvilinear alignment of sewers larger than twefalyr inches (24") may be considered on a case-bg-basis
provided compression joints are specified and ASSrMpecific pipe manufacturers’ maximum allowahijeep
joint deflection limits are not exceeded. Limit eilinear sewers to simple curves that start andand
manholes. When curvilinear sewers are proposedetteanmended minimum slopes indicated in subsection
2.3.4should be increased accordingly to provideéramum velocity of two feet (2') per second wheowing
full.

2.3.6 Changes in Pipe Size

When a smaller sewer joins a larger one, a manbalecessary according to subsection 2.4.1. Thertiof the
larger sewer should be lowered sufficiently to nimthe same energy gradient. An approximate naefitbio
securing these results is to place the eight-tgi@ti83 depth point of both sewers at the same &tava

Sewer extensions should be designed for projetwadsf Construct the manhole with special considenabf
an appropriate flow channel to minimize turbulemten the diameter of the receiving sewer is lean the
diameter of the proposed extension at a manhaieréicommended to provide a schedule for constmcif
future downstream sewer relief.
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2.3.7 Materials

Any generally accepted material for sewers wilgbeen consideration, but the material selected khioe
adapted to local conditions, such as characterdafstrial wastes, possibility of septicity, soibcacteristics,
exceptionally heavy external loadings, abrasiom,osion, or similar problems.

All sewer pipe and joint materials conform to tipgeopriate ASTM specifications.

Use suitable couplings complying with ASTM speadtions for joining dissimilar materials. Joint |agje
limitations are outlined in subsection 2.3.9, Wdlsidrostatic) test, or subsection 2.3.9, Air test.

Design all sewers to prevent damage from superigtpbge, dead, and frost-induced loads. Make proper
allowance for loads on the sewer because of sdipatential groundwater conditions, as well aswidth and
depth of the trench. Where necessary, use speaidig, haunching, initial backfill, concrete cedbr other
special construction to withstand anticipated smpeosed loading or loss of trench wall stabilityef& to
subsection 2.3.8, Bedding, haunching, and initekiill for appropriate ASTMs.

For new pipe or joint materials for which ASTM siands have not been established, provide complete
material and installation specifications developadhe basis of criteria adequately documentedcariified in
writing by the manufacturer to be satisfactorytfog specific detailed plans for approval by the &apent.

2.3.8 Installation

Standards. Specify appropriate installation requéets based on the criteria, standards, and reqeies
established by industry in its technical publicatioSpecify pipe installation and methods of begl@nd
backfilling so as not to damage the pipe or itatgiimpede cleaning operations, and future tapiregate
excessive side fill pressures and ovalation opipe, nor seriously impair flow capacity.

Trenching.

» Provide sufficient trench width to allow the pimelie laid and jointed properly and to allow thediad
and haunching to be placed and compacted to addygsapport the pipe. Keep the trench sides as
nearly vertical as possible. Use appropriate befdiass and pipe strength when wider trenches are
specified.

» Evaluate the size and stiffness of the pipe, sgtnhof the embedment, and insitu soil depth of cover
in determining the minimum trench width necessargdequately support the pipe in unsupported and
unstable soil.

* Remove ledge rock, boulders, and large stonesoiid® a minimum clearance of four inches (4")
below and on each side of all pipe(s).

» Dewatering. Remove all water entering the excanatar other parts of the work until all the worksha
been completed. Sanitary sewers that ultimatelyeat existing pumping stations or wastewater
treatment facilities cannot be used for the dispostaench water.

Bedding, haunching, and initial backfill.
e Ductile iron pipe. Embedment materials for bedding and initial backfil, as described in ASTM
A746 — 09(2014ptandard Specification for Ductile Iron Gravity Sewer Pipe, as approved and
published October 1, 2014, for Type 1 through Typé& laying conditions, shall be used for ductile
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iron pipe provided the proper strength pipe is usedvith the specified bedding to support the
anticipated load based on the type of soil encouned and potential groundwater conditions [See
10 CSR 20-8.120(3)(B)1.]. This standard is incorpated by reference in this rule, as published by
ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-
2959. This rule does not incorporate any subsequeamendments or additions.

» Plastic pipe.Embedment materials for bedding, haunching, and irtial backfill, Classes |, II, or
lll, as described in ASTM D2321 — 14eBtandard Practice for Underground I nstallation of
Thermoplastic Pipe for Sewers and Other Gravity-Flow Applications, as approved and published
August 1, 2014, shall be used provided the propetrength pipe is used with the specified bedding
to support the anticipated load, based on the typef soil encountered and potential groundwater
conditions [See 10 CSR 20-8.120(4)(B)1.B.]. Thisetdard is incorporated by reference in this
rule, as published by ASTM International, 100 BarrHarbor Drive, P.O. Box C700, West
Conshohocken, PA 19428-2959. This rule does not arporate any subsequent amendments or
additions.

» Composite pipe.Except as described in ASTM D2680 — 01(2018)andard Specification for
Acrylonitrile-Butadiene-Styrene (ABS) and Poly(Vinyl Chloride) (PVC) Composite Sewer Piping, as
approved and published August 1, 2014, the beddingaunching, and initial backfill requirements
for composite pipe shall be the same as for plastmpe [See 10 CSR 20-8.120(3)(B)3.This
standard is incorporated by reference in this mBepublished by ASTM International, 100 Barr Harbo
Drive, P.O. Box C700, West Conshohocken, PA 1942892 This rule does not incorporate any
subsequent amendments or additions.

Final backfill.

« Final backfill should be of a suitable material marad from excavation except where other material is
specified. Debris, frozen material, large clodsnss, organic matter, or other unstable materaisat
be used for final backfill within two feet (2') tfe top of the pipe.

» Place final backfill in such a manner so as natisturb the alignment of the pipe.

Deflection test.

» Perform deflection tests on all flexible pipe. Cootthe test after the final backfill has beenlecp at
least thirty (30) days to permit stabilization bétsoil-pipe system.

* No pipe shall exceed a deflection of five perceri%o) of the inside diameter [See 10 CSR 20-
8.120(3)(C)].

* The diameter of the rigid ball or mandrel usedtfa deflection test is not less than ninety-fivecpat
(95%) of the base inside diameter or average irdim®eter of the pipe depending on which is spedifi
in the ASTM specification, including the appendixwhich the pipe is manufactured.

» Perform the tests without mechanical pulling desice

* Use a mandrel having nine (9) or more odd numbéutgs or points.

Video inspection. Video inspection of all new aetiabilitated sewers after installation is recomneeind

2.3.9 Joints and Infiltration

Joints. Include the installation of joints and thaterials used in the specifications. Design sgaets to
minimize infiltration and to prevent the entrandeamts throughout the life of the system. Portlaedthent
mortar joints are not acceptable.
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Service connections.

Service connections to the sewer main shall be waight and cannot protrude into the sewer [See
10 CSR 20-8.120(3)(D)1.].

When a saddle-type connection is used, selectiaaldesigned to join with the types of pipe whick a
to be connected.

Use compatible and corrosion resistant materialsdovice connections to sewer mains.

Leakage testsl eakage tests shall be specified for gravity seweexcept polyvinyl chloride (PVC) pipe
with a diameter of twenty-seven inches (27") or les[See 10 CSR 20-8.120(4)(C)2T]his may include
appropriate water or low pressure air testing. @mesideration to the range in groundwater elenatauring
the testing and those anticipated during the ddgmgof the sewer when specifying the leakageirigst
method(s).

Water (hydrostatic) test. The leakage exfiltration or infiltration shall not exceed one hundred
(100) gallons per inch of pipe diameter per mile peday for any section between manholes of the
system. An exfiltration or infiltration test shall be performed with a minimum positive head of two
feet (2'). The exfiltration or infiltration test shall, as a minimum, conform to the test procedure
described in ASTM C969 — 17Standard Practice for Infiltration and Exfiltration Acceptance Testing
of Installed Precast Concrete Pipe Sewer Lines, as approved and published April 1, 2017, for
precast concrete pipe [See 10 CSR 20-8.120(3)(D)2.Ahis standard is incorporated by reference
in this rule, as published by ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West
Conshohocken, PA 19428-2959. This rule does not arporate any subsequent amendments or
additions.

Air test. The air test shall, as a minimum, conformto the test procedure described in ASTM
C1103 — 14standard Practice for Joint Acceptance Testing of I nstalled Precast Concrete Pipe Sewer
Lines, as approved and published November 1, 2014, foomcrete pipe twenty-seven inches (27")
or greater in diameter, and ASTM F1417 — 11a(2015tandard Practice for I nstallation Acceptance
of Plastic Non-pressure Sewer Lines Using Low-Pressure Air, as approved and published August 1,
2015, for plastic, composite, and ductile iron pipgSee 10 CSR 20-8.120(3)(D)2.B.]. These
standards are incorporated by reference in this ru¢, as published by ASTM International, 100
Barr Harbor Drive, P.O. Box C700, West ConshohockenPA 19428-2959. This rule does not
incorporate any subsequent amendments or additions.

2.3.10 Bore or Tunnel

The spacing of supports for carrier pipe througsirggs needs to maintain the grade, slope, andtstalic
integrity of a pipe. Where casing pipe is utilizew;lude the following:

Materials. Where casing pipe is utilized it shall lp constructed of steel with welded joints
conforming to AWWA C200-17 Steel Water Pipe, 6 In. (150 mm) and Larger, as approved and
published August 1, 2017, or ductile iron pipe withmechanical joints [See 10 CSR 20-8.120(3)(E)].
This standard is incorporated by reference in thigule, as published by American Water Works
Association (AWWA), 6666 West Quincy Avenue, DenveCO 80235-3098. This rule does not
incorporate any subsequent amendments or additions;

Spacers. Provide spacers a minimum of three quadkees (0.75") of clearance between the carrier
pipe’s outside diameter and the casing pipe’s smgidmeter. Install spacers a maximum of eight feet
(8") apart along the length of the carrier pipehwahe (1) casing spacing within two feet (2') ofleaide
of a pipe joint;
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» End Seals. Secure watertight seals to both entteafasing and carrier pipe; and
» Installation. Install the casing pipe by boring anthultaneously jacking the pipe into place. There
should be no annular space between the outsideafasing pipe and the undisturbed earth.

2.4 Manholes

2.4.1 Location

Manholes shall be installed [See 10 CSR 20-8.12{RH)—
* At the end of each line;
* Atall changes in grade, size, or alignment; and
* At all sewer pipe intersections.

Install manholes—
» At distances not greater than four hundred feed'{40r sewers that are fifteen inches (15") osjesd
» At distances not greater than five hundred feed{50r sewers that are sixteen inches to thirthes
(16"-30").
e Spacing of manholes greater than the distancesahay be approved by the Department in cases
where the continuing authority of the sanitary sesystem gives written assurance to the Department
that adequate cleaning equipment justifies suchisga

Cleanouts may be used only for special conditiotsaae not expected to be substituted for manhaes
installed at the end of laterals greater than amalred fifty feet (150 in length. Enclosed cleatsoin a
watertight valve box with a locking cap. Providearouts with proper support, such as crushed stonerete
pads, or a well compacted trench bottom. Also sbsextion 2.4.3, Cleanout.

2.4.2 Drop Type

Provide a drop pipe for a sewer entering a manéioée elevation of twenty-four inches (24") or mab®ve
the manhole invert. Where the difference in el@rabetween the incoming sewer and the manholetirs/er
less than twenty-four inches (24"), fillet the inv® prevent solids deposition.

Drop manholes should be constructed with an outsidp connection. Secure inside drop connectiomg w
necessary) to the interior wall of the manhole pravide access for cleaning.

When using precast manholes, drop connections musot enter the manhole at a joint [See 10 CSR 20-
8.120(4)(B)].

Due to the unequal earth pressures that wouldtrigeut the backfilling operation in the vicinity tiie

manhole, the entire outside drop connection shbelgroperly supported to anchor the connectioheo t
manhole.
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2.4.3 Diameter

Manhole. The minimum diameter of manholes is favig-inches (42") on eight-inch (8") diameter grgvit
sewer lines and forty-eight inches (48") on all selines larger than eight inches (8") in diametarger
diameters are needed for manholes with large deemsetvers or multiple pipes connecting at the miznimo
order to maintain structural integrity.

Manhole frame and cover. Provide a minimum accesseter of twenty-two inches (22").

CleanoutCleanouts shall be a minimum of eight inches (8'in diameter [See 10 CSR 20-8.120(4)(C)].

2.4.4 Flow Channel

The flow channel straight through a manhole shielanade to conform as closely as possible in shage
slope to that of the connecting sewers. The chamaks$ should be formed or shaped to the full heajtihe
crown of the outlet sewer in such a manner as t@bstruct maintenance, inspection, or flow in ¢eevers.

Changes in direction of flow should generally noteed ninety degrees (90°).

Construct a separate channel for each incomingrssitlethe channels gradually merging together dreda
the outlet using uniform curves where a junctiotvad (2) or more sewers occurs.

The invert of any trunk or interceptor sewer shduddslightly lower than the invert of the sewer mia avoid
slack-water areas where solids may accumulate.

When curved flow channels are specified in manhatetuding inlets, the minimum slopes indicated in
subsection 2.3.4, Recommended minimum slopes sheuildcreased to maintain acceptable velocities.

2.45 Bench

Provide a bench on each side of any manhole chavirezi the pipe diameter(s) are less than the manhol
diameter.

The bench should be sloped no less than a onerlcalper foot (0.5 in/ft).

No sewer, service connection, or drop manhole pighall discharge onto the surface of the bench [S&6
CSR 20-8.120(4)(D)].

2.4.5 Watertightness

Manholes shall be watertight and constructed of preast concrete or poured-in-place concrete type.
Precast manholes shall conform to the design andsiemethods specified in ASTM C478 — 15&tandard
Specification for Circular Precast Reinforced Concrete Manhole Sections, as approved and published
October 1, 2015, and C497 — 13%tandard Test Methods for Concrete Pipe, Manhole Sections or Tile, as
approved and published April 1, 2017 [See 10 CSR #)120(4)(E)]. These standards are incorporated by
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reference in this rule, as published by ASTM Intermtional, 100 Barr Harbor Drive, P.O. Box C700, West
Conshohocken, PA 19428-2959. This rule does not arporate any subsequent amendments or additions.

Seal manhole lift holes, grade adjustment rings¢gst section joints, and any additional areaspiatly
subject to infiltration watertight with non-shrimig mortar or other material approved by the Depantm

Join inlet and outlet pipes to the manhole witlagkgted flexible watertight connection or anothatestight
connection arrangement that allows differentialleetent of the pipe and manhole wall to take place.

Watertight manhole covers are to be used wheréeemtanhole tops may be flooded by street runoffiigin

water. Bolt-down cover assemblies may be needadaholes subject to displacement by sewer suratgrgi
Locked manhole covers may be desirable in isolessgment locations or where vandalism may be dgmob

2.4.6 Inspection and Testing

Vacuum testing, if specified for concrete sewer mdmoles, shall conform to the test procedures in ASTM
C1244 — 11(2017ptandard Test Method for Concrete Sewer Manholes by the Negative Air Pressure
(Vacuum) Test Prior to Backfill, as approved and published April 1, 2017, or the anufacturer’s
recommendation [See 10 CSR 20-8.120(4)(F)IThis standard is incorporated by reference in thigule,
as published by ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA
19428-2959. This rule does not incorporate any subguent amendments or additions.

Exfiltration testing, if specified for concrete sever manholes, shall conform to the test proceduresi i
ASTM C969 — 17Standard Practice for Infiltration and Exfiltration Acceptance Testing of I nstalled Precast
Concrete Pipe Sewer Lines, as approved and published April 1, 2017 [See 108R 20-8.120(4)(F)2.]. This
standard is incorporated by reference in this ruleas published by ASTM International, 100 Barr Harba
Drive, P.O. Box C700, West Conshohocken, PA 1942858. This rule does not incorporate any
subsequentamendments or additions.

2.4.7 Corrosion Protection for Manholes

Provide corrosion protection on the interior of thanholes where corrosive conditions due to seépticiother
causes are anticipated.

2.4.8 Electrical

Install electrical equipment used in manholes péssction 4.1.3, Electrical equipment.

2.4.9 Buoyancy

Evaluate buoyancy of manholes. Prevent flotatiothefmanhole with appropriate construction whegh hi
groundwater conditions are anticipated.
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2.5 Inverted Siphons

Inverted siphons are used to convey wastewaterdoyity under depressions.

2.5.1 Design

Design inverted siphons with at least two (2) daraed a minimum pipe size of six inches (6"). Provide
sufficient head and appropriate pipe sizes to seeelocities of at least three feet (3') per sedondesign
average flows. Arrange the inlet and outlet detsilshat the design average flow is diverted to(@)darrel
and so that either barrel may be removed from serar cleaning.

2.5.2 Cleaning and Maintenance

Providethe necessary appurtenances for maintenance, denvénshing, and cleaning equipment. The inlet
and discharge structures should have adequatetsss for cleaning equipment, inspection, and fihgshThe
vertical alignment should permit cleaning and mamance.

2.5.3 Leakage Testing

Test inverted siphons according to subsection 2L&8kage tests.

2.6 Sewers in Relation to Streams

2.6.1 Location of Sewers in Streams

Cover depth. The top of all sewers entering orgirmsstreams should be at a sufficient depth bét@anatural
bottom of the stream bed to protect the sewer Dresign to meet the following cover depth:
« At least one foot (1') of cover where the sewdodated in rock;
* At least three feet (3') of cover in other streaad material and in major streams; and
* In paved stream channels, the top of the seweshoeald be placed below the bottom of the channel
pavement.

Horizontal location. Locate sewers along streanisadt ten feet (10") horizontally from the ordynargh water
mark of the stream to provide for future possilbteaam widening and to prevent pollution by siltatauring
construction and to minimize possible exposuretdwgrosion.

Structures. Locate sewer outfalls, headwalls, mishgate boxes, or other structures so they dotefere
with the free discharge of flood flows of the strea

Alignment. Sewers crossing streams should be degigncross the stream as nearly perpendiculdueto t
stream flow as possible and free from change idegra

Stream crossings. Design sewer systems to minitheeaumber of stream crossings.
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2.6.2 Construction

Materials. Construct sewers entering or crossirgasts of ductile iron pipe with mechanical jointse stone,
coarse aggregate, washed gravel, or other materath will not readily erode, cause siltation, daga the
pipe during placement, or corrode the pipe to bl¢ke trench.

Siltation and erosion. Employ construction methitdd will minimize siltation and erosion. Specifet
method(s) to be employed in the construction ofesewn or near streams. Provide adequate contsiltafion
and erosion by limiting unnecessary excavatiortudng or uprooting trees and vegetation, dumihgoil or
debris, or pumping silt-laden water into the stre&mpecify clean-up, grading, seeding, plantingestoration
of all work areas to begin immediately. Protectaser areas within seven (7) days.

Alternative construction methods. When the aligntéra sewer crosses a stream, give consideration t
trenchless construction technologies as an aligmtd open trench construction in accordance satttion
2.10.

2.7 Aerial Crossings

2.7.1 Support

Provide support for all joints in pipes utilized ferial crossings. Design the supports to prefrest heave,
overturning, and settlement.

2.7.2 Freezing

Provide precautions against freezing, such asatisal and increased slope. Provide expansion j@nti
between above-ground and below-ground sewers. fis@ad construction techniques to minimize frost
heaving where buried sewers change to aerial sewers

2.7.3 Flooding

Consider the impact of flood waters and debrisakmial stream crossings. The bottom of the pipeilshioe
placed no lower than the elevation of the fifty }y@ar flood.

2.7.4 Materials

Construct aerial crossings of duciilen pipe with mechanical joints; otherwise, constthem so that they
will remain watertight and free from changes irgaiment or grade.
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2.8 Protection of Water Supplies

2.8.1 Cross Connections

There shall be no physical connections between alplic or private potable water supply system and a
sewer or appurtenance which would permit the passa&gof any wastewater or polluted water into the
potable supply [See 10 CSR 20-8.120(5)(A)].

2.8.2 Relation to Water Works Structures

Sewers shall be laid at least fifty feet (50') hoziontally from any existing or proposed public watersupply
well or other water supply sources or structures [8e 10 CSR 20-8.120(10)(B)]Refer to 10 CSR 23-
3.010.

Depict all existing water works units, such as baswells, or other treatment units, within two dred feet
(200") of the proposed sewer on the engineeringspla

2.8.3 Relation to Water Mains

Horizontal and vertical separation.

» Install sewers at least ten feet (10") horizontathyn any existing or proposed water main. Meashiee
distancdrom edge-to-edge. In cases where it is not pralcticmaintain a ten-foot (10") separation,
install the water main is in a separate trenchnoam undisturbed earth shelf located on one (¥ sid
the sewer and at an elevation so the bottom oiviiter main is at least eighteen inches (18") albtoge
top of the sewer.

* When it is impossible to obtain proper horizontal aad vertical separation the sewer must be
constructed of slip-on or ductile iron mechanical ¢int pipe or continuously encased and be
pressure rated to at least one hundred fifty poundgper square inch (150 psi) and pressure tested
to ensure watertightness [See 10 CSR 20-8.120(51@&.].

« Manholes shall be located at least ten feet (10'phzontally from any existing or proposed water
main [See 10 CSR 20-8.120(5)(C)1.B.].

* When it is impossible to obtain proper horizontal gparation as described above for manholes, the
manhole shall be located at least ten feet (10")dm a water main joint or centered on a twenty
foot (20 length of water main pipe [See 10 CSR 28.120(5)(C)1.C.].

Crossings.
= Sewers crossing water mains shall be laid to proveda minimum vertical distance of eighteen

inches (18") between the outside of the water maiand the outside of the sewewhether the water
main is above or below the sewer. The crossing shbk arranged so that the sewer joints will be
equidistant and as far as possible from the water ain joints. Where a water main crosses under a
sewer, adequate structural support shall be provide for the sewer to maintain line and grade [See
10 CSR 20-8.120(5)(C)2.A.].

= When itis impossible to obtain proper vertical sepration as stipulated above, one (1) of the
following methods shall be specified [See 10 CSR-80L20(5)(C)2.B.]:
» Designand construct equal to water pipe as described irubsection 2.8.3, Horizontal and

vertical separation; or
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» Encase either the water main or sewer line continugsly in a watertight carrier pipe which
extends ten feet (10") on both sides of the crosgirmeasured perpendicular to the water main.

2.9 Locator Wire

Consider the following in the subsections below rgHecator wire is utilized.

2.9.1 Jacket

Use green as the jacket color to indicate “Seweelect suitable jacket material for direct burytsas high
density polyethylene (HDPE) or high molecular weigblyethylene (HMWPE).

2.9.2 Connections

Protect connections from moisture and corrosiom Making friction fit, twist on, or taped connemtis are not
allowed.

2.9.3 Grounding

Ground locator wire at all terminations and stubs.

2.9.4 Access

Ensure all locator wire termination points are asdae by use of an access box located directlyabize pipe
and provide a minimum of two feet (2') of excessewi

2.9.5 Installation

Install locator wire systems as a single continueuis, except where using an approved connection.
No looping or coiling of wire is permitted.
The locator wire should be placed in the same tatem to all installed pipe.

Using a spacer, the locator wire should be tapede@ipe every eight to ten feet (8' - 10') toverd damage
during backfill or when digging around the pipelwe future.

2.9.6 Testing

Test all locator wire for continuity. Replace argntaged portions. Repair by taping or spray-on \pabefing
IS not recommended.
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2.10 Trenchless Technologies

Trenchless technologies are evaluated by the Depatton a case-by-case basis.

2.10.1 New Pipe Installation

The following trenchless technologies may be usednfstallation of new wastewater collection systgping:

* Impact molding is technique that launches a perces®il displacement hammer (mole) from an
excavation to displace soil and form a bore. The pge is drawn behind the mole or pulled into the
bore using the hammer’s reverse action. A pneumdatidriven mole displaces the soil by the actién o
a percussive piston;

* Pipe ramming is a simple technique using a pnewenhatinmer to drive steel casings through the ground
from one (1) pit to another; or

* Microtunneling is a remotely controlled mechaniteadneling system where the soil is removed from the
cutting head within the new pipeline, which is adge@d by pipe jacking. The cutting head needs the
appropriate cutting tools and crushing devicegherrange of gravels, sands, silts, and claysniagtbe
found at the collection system site.

2.10.2 Replacement Pipe Installation

The following trenchless technologies may be useddplacement of wastewater collection system:pipe

* Pipe bursting is a method of on-line replacemeritaafturable pipe. An expanding device, either
pneumatic or hydraulic, is introduced into the défe pipeline, shattering the pipe and drawinthie
new pipe behind it. Insertion of short lengths rbaymade from pits but this involves jointing of the
pipeline within the pit;

» Pipe splitting is similar in technique to pipe kurg but is used on non-fragmental pipes suchesd,st
ductile iron or polyethylene. The system uses gpieed splitting heads designed to cut throughpibe
wall and joints and expand the existing pipe i@ $urround ground; or

* Pipe eating is an on-line microtunneled replacenexgiinique. The existing defective pipeline is
crushed (or eaten), by the tunneling machine amdved through the new pipeline. It is used
predominantly on concrete sewer installations. Blgsgem allows for size replacement and upsizing.

2.10.3 Pipe Lining

The following trenchless technologies may be usediriing of existing wastewater collection systpipe,
which reduces the inside diameter of the pipe:

« Cement mortar lining is the application of a cenmanttar (typically about four millimeters (4 mm)
thick) to the inside of a pipe to protect agairmtasion;

* Epoxy spray lining is a method of lining pipes wathhin lining of resin (typically about one milleter
(1 mm) thick) that is sprayed onto the interiorface of a cleaned collection system pipe to isdlage
pipe from the wastewater and possibly reinforcesthectural capabilities of the pipe;

» Cured-in-place pipe (CIPP) is a method of liningserg pipe with a flexible tube impregnated with a
resin that produces a pipe after the resin cures.résin may be set by the use of heat or ultraiol
light; or

» Sliplining is a method where continuous or discpapes are inserted within existing pipes.
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2.10.4 Trenchless Technology Standards

A wastewater collection system using a trenchleskrtology is expected to be designed, installedl, an
constructed in accordance with ASTM standards vatbrence to materials used and construction proesd

2.10.5 Leakage Tests

Pipe installed by a trenchless technology is sulifethe testing requirements in subsection 213x8kage
tests.
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Chapter 3: Alternative Sewer Systems

Continuing Authority. The continuing authority shall be responsible for he operation and maintenance
and modernization of an alternative sewer system #ection system [See 10 CSR 20-8.125(5)(A)]. Per
section 249.1000, RSMo 2016, publicly owned treatmieworks are exempt from continuing authority
responsibilities of alternative sewer individual unts (i.e., grinder pump stations, septic tanks, angeptic
tank pumps). See 10 CSR 20-6.010(3) for acceptalolentinuing authorities. [See 10 CSR 20-8.125(4)(A)]

Flooding. Refer to Chapter 5 for flood protection See 10 CSR 20-8.125(4)(B)].

Accessibility. Make pumping station structures apgtic tanks readily accessible in accordance Witlapter
5 for access roadSee 10 CSR 20-8.125(4)(C)].

Security. Refer to Chapter 4 for fencing criteria See 10 CSR 20-8.125(4)(D)].
Buoyancy. Refer to subsection 4.1.2 for buoyancy.

Identification. Refer to subsection 4.9.13 for itiécation of alternative sewers.
Locator Wire. Refer to section 2.9 for installatiinocator wire.

Sewers in Relation to Streams. Refer to sectioridt.the location and construction of sewers iatieh to
streams.

Aerial Crossings. Refer to section 2.7 for aerraksings.

Potable Water Sources. Refer to Chapter 4, PotabM/ater Sources for the minimum separation distances
from potable water sources [See 10 CSR 20-8.125@))

Protection of Water Supplies. Refer to section 2.®r the separation and crossings of water suppligSee
10 CSR 20-8.125(4)(F)].

Erosion Control During Construction. Refer to sultiem 5.3.7.

Grading and Landscaping. Upon completion of cowsisn, refer to subsection 5.3.8.

Odor Control. Consider provisions for odor conirothe design of alternative sewer systems.

3.1 Approval of Sewers

Rain water from roofs, streets, and other areas androundwater from foundation drains shall be
excluded from sewers in accordance with section 2[$ee 10 CSR 20-8.125(2)].
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3.2 Design Capacity and Design Flow

Refer to the design criteria for sewer capacity #owd in section 2.2.

3.3 Supplement to the Engineering Report

Alternative sewer systems shall not to be used irel of conventional gravity sewers, but may be
acceptable when it can be shown in the engineerimgport that it is not feasible to provide conventimal
gravity sewers [See 10 CSR 20-8.125(33onsider the use of alternative sewer systemswhén there is a
clear advantage over conventional gravity seweosdiions justifying alternative sewers may inclugrisual
terrain or geological formations, low populatiomdry, difficult construction, or other circumstascRefer to
section 1.2 for more information.

3.4 Pressure Sewers

3.4.1 Sewer Design

Design pressure sewer systems in a dendritic pateg. branched tree configuration). The purpdsbeo
branched layout is to have a predictable minimulfacéeaning velocity in the sewer mains. Also, atgmn of
the piping system may be shut down for repairs authnterrupting flow from all upstream inputs.

Velocity. Design shall be based on the most probable numbef pumping units expected to operate
simultaneously or on some other acceptable method computing the peak pumpage rate [See 10 CSR
20-8.125(5)(A)1.].
* Acleansing velocity of at least two feet per secdi{2 ft/s) at least once and preferably several
times per day shall be achieved [See 10 CSR 20-&(3)(A)1.A.].
* Maximum velocity in any portion of the system shalbe eight feet per second (8 ft/s) without
velocity protection and thirteen feet per second @ ft/s) with velocity protection [See 10 CSR 20-
8.125(5)(A)1.B.].

Minimum size. The minimum diameter sewer main pipe shall not beess than one and a half inches (1.5")
[See 10 CSR 20-8.125(5)(A)2.].

Pipe sizing. The following are the recommended gipes based on the followifguation 3-1 andTable 3-1:

Equation 3-1. Design flow based on the number of equivalent dwelling units (EDUS).

Q=05N+20
Where
Q = design flow (gpm)
N = the number of EDUs
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Table 3-1. Approximate Sewer Main Szes
to Serve the Number of EDUs

Nominal Pipe Size (in) EDUs

15 3

2.0 6

3.0 60

4.0 120

6.0 240

8.0 560

Cover. Refer to subsection 2.3.2 for cover depth.
Materials. Refer to subsection 2.3.7 for matergdéstion and design.

Installation. Refer to subsection 2.3.8, Standardg.renching, Bedding, Haunching, and initial backfil,
and Final backfill for sewer installation [See 10 GR 20-8.125(5)(A)3.].

Termination. Refer to subsection 4.9.4 for sewanieations.

Design friction losses. Refer to subsection 4.%0t pressure sewer design friction losses.

Hydrostatic pressure testHydrostatic testing shall, as a minimum, conform tahe test procedure
described in AWWA C600-17Installation of Ductile-lron Mains and Their Appurtenances, as approved
and published July 1, 2017, for ductile iron pipe ad AWWA C605-13 Underground I nstallation of
Polyvinyl Chloride (PVC) and Molecularly Oriented Polyvinyl Chloride (PVCO) Pressure Pipe and Fittings,
as approved and published February 1, 2014, for p#dic pipe [See 10 CSR 20-8.125(5)(A)4.For other
materials, provide the appropriate AWWA or ASTMttpsocedures to the department.

Air testing. Refer to subsection 2.3.9 for air itegt
Corrosion. Refer to subsection 4.9.17 for corrogimtection.

Cleaning. Give consideration to providing a suiéaflethod of cleaning the sewer main whenever tloeig
in the sewer main may be less than two feet pamge(2 ft/s) before ultimate development is reached

3.4.2 Sewer Appurtenances

Appurtenances shall be compatible with the pipingystem and full bore with smooth interior surfaces ©
eliminate obstruction and keep friction loss to a rmimum [See 10 CSR 20-8.125(5)(B)].

Isolation valves.lIsolation valves are necessary for isolating sestof lines during line breaks or other
emergencies.
* Isolation valves shall be [See 10 CSR 20-8.125(5{B—
» Resilient seated gate valve or ball valve with a gdion indicator;
= Constructed from corrosion resistant materials; and
» Enclosed in a watertight and lockable valve box.
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» Isolation valves shall [See 10 CSR 20-8.125(5)(B)}2
»= On the upstream side of major pipe intersections;
= On both sides of stream, bridge, and railroad crossgs, and unstable soil; and
»= On the terminal end of the system to facilitate fuire extensions.

* Proper support (e.g., crushed stone, concrete pads; a well compacted trench bottom) shall be
provided for valves so the weight of the valve natarried by the pipe [See 10 CSR 20-
8.125(5)(B)3.].

Cleanouts. Accumulation of grease and solids wdluce the pressure sewer system capacity by incgeas
friction losses. Access to pipeline cleaning isvided by cleanouts.
» Cleanouts should be installed at the end of eaeh &t changes in pipe size, and at pipe inteseti
* Enclose a cleanout in a watertight valve box witbcking cap.
* Provide cleanouts with proper support (e.g., crdsitene, concrete pads, or a well compacted trench
bottom).

Air and Vacuum Relief Valve. Refer to subsectio®.d for air and vacuum relief valve design andaltation.

Anchoring. Refer to subsection 4.9.9 for anchoprgssure sewers.

Pressure monitoring stations. Pressure monitotetgpas are recommended to identify areas wherimdirced
headloss may be occurring. When utilized, desigsgure monitoring stations with an access vauhdo
collection piping and include a threaded tap fpressure gauge.

3.4.3 Service Line Connection

Refer to subsection 2.3.9, Service connections [SEECSR 20-8.125(5)(C)].

Install a check valve and isolation valve on eamtvise line. Refer to subsection 3.4.2, Isolatialves for
more information on isolation valves.

The minimum diameter service line pipe shall not béess than one and one quarter inches (1.25") [S&6
CSR 20-8.125(5)(C)].

3.4.4 Grinder Pump Stations

Type.Both centrifugal pumps and progressing cavity spasitive displacement pumps may be used in
pressure sewer systems. The centrifugal pump, g pawving a maximum head at no flow, may be consitler
for its ability to compensate with reduced or z@pdelivery against excessive high pressures la@ability to
deliver at a high rate during low flow situatiomsthe collection system, thus enhancing scourimghduow
flow periods. The progressing cavity semi-positiv&placement pump may be considered for its redtiv
constant rate of delivery in situations in whickstfeature is considered necessary. The semi-pesiti
displacement pump has no significant increaseglinaty against low-flow system conditions to entescour
during minimum flow times.

Number of pumps.
» Simplex grinder pump station shall [See 10 CSR 20-B25(5)(D)1.A.]—
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= Not serve multiple EDUs if owned, operated, and matained by individual homeowners; and
= Not serve commercial facilities.
« Multiple unit grinder pump stations must be owned,operated, and maintained by an approved

continuing authority. See Chapter 3, Continuing Auhority for more continuing authority

information [See 10 CSR 20-8.125(5)(D)1.B.].

* Provide duplex grinder pump stations serving dikeotservice connections (i.e. multiple EDUs,
duplexes, apartment complexes, commercial fagliggc.) with at least two (2) grinder pumps.

* Provide grinder pump units of the same size whahg two (2) grinder pump units are provided.
Provide grinder pump units with capacity such thatf) any unit out-of-service, the remaining units
will have capacity to handle the design peak hoflioky.

Location. Locate grinder pump stations outdoorsiargight of the structure it is serving with caesiation
given to future maintenance accessibility.

Construction materials.

» Grinder pump vaults are typically constructed fritlmerglass reinforced polyester, high density
polyethylene, steel, or concrete. A fiberglassfoeired polyester pump vault should have a maximum
diameter of four feet (4").

» Utilize corrosion-resistant materials for all pigesd appurtenances within a grinder pump station.
Austenitic stainless steel of type 316 or 304 amdard for metal components. Nylon is degraded by
hydrogen sulfide and is not acceptable.

» Contact between dissimilar metals should be avootexther provisions made to minimize galvanic
action.

Grinder pump vaults shall be watertight [See 10 CSR0-8.125(5)(D)2.].

AccessA minimum access diameter of twenty-four inches (24 shall be provided for all grinder pump
vaults [See 10 CSR 20-8.125(5)(D)34.minimum access diameter of forty-eight inche®'{4s
recommended for duplex grinder pump vaults.

Vault cover. Provide bolt-down cover assemblieboked covers. The use of high density polyethylemdat
covers is discouraged.

Ventilation. Provide all grinder pump vaults wittopisions for air displacement to the atmospharehsas an
inverted and screened “j” tube or other means.

Storage volume A grinder pump vault must have a storage volume oét least seventy (70) gallons [See 10
CSR 20-8.125(5)(D)4.].

Pump removal. Refer to subsection 4.3.2.

Valves.The following valves must be provided in the grindepump vaults [See 10 CSR 20-8.125(5)(D)5.]:
« A shutoff valve accessible from the ground surface;
* A check valve to prevent backflow; and
« An anti-siphon valve, where siphoning could occur.
Grinder pump construction. Refer to subsection 4.3. for design of pumps and motors [See 10 CSR 20-
8.125(5)(D)6.].
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Pump openings. The grinder pump unit is expectdzbtoapable of reducing entering materials willspas
through without plugging or clogging the pump oegsure sewer system. Do not use screens or otvieesle
requiring regular maintenance to keep trash ongyrimaterial out of the grinder pump or sewer main.

Controls. Refer to subsection 4.1.4 for water levelontrol design [See 10 CSR 20-8.125(5)(D)7.].

Electrical equipment. Refer to subsection 4.3.4 foglectrical equipment [See 10 CSR 20-8.125(5)(D)8.]
Pump station control panels should be provided witlortable generator receptacle.

Flow measurement. Refer to subsection 4.1.9 fov flteasurement.

Alarm systems.Alarm systems with a backup power source shall berpvided for all grinder pump
stations [See 10 CSR 20-8.125(5)(D)9.].
« The alarm is expected to activate in cases of pdavieire, high water levels, pump failure, or arifier
cause of grinder pump station malfunction.
* Provide an audio-visual alarm system at a minimum.
« When the continuing authority operates and maistthie grinder pump stations, post a sign at each
grinder pump station in a clearly visible locatitisting a telephone number to be called if theralés
seen or heard.

Emergency operationsWhen the continuing authority operates and maintairs the grinder pump
stations, provisions must be made for periods of nebanical or power failure [See 10 CSR 20-
8.125(5)(D)10.]Acceptable alternatives are as follows:
* Provide additional storage capacity where poweages occur frequently (twenty-four (24)-hour
storage capacity is recommended);
* Provide a portable generator to connect to eactugripump station for a short term during an ex¢end
outage; or
* Provide a portable pump to connect to each gripderp station by means of quick coupling portable
pump connections on the discharge.

Spare parts. When the continuing authority operaelsmaintains the grinder pump stations, provide a
inventory of five percent (5%) of the number ofrgléer pumps in operation for each model installeith @i
minimum of two (2) grinder pumps. All working pad§the grinder pump stations should be on hand in
sufficient quantity.

3.5 Septic Tank Effluent Pumped (STEP) Sewers

3.5.1 Sewer Design

Refer to subsection 3.4.1 [See 10 CSR 20-8.125(6)(A

3.5.2 Sewer Appurtenances

Refer to subsection 3.4.2 [See 10 CSR 20-8.125(6)(B
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3.5.3 Service Line Connection

Refer to subsection 3.4.3 [See 10 CSR 20-8.125(6)(C

3.5.4 Septic Tank Design

In addition to the requirements of section 9.1, see tank design shall meet the following [See 10 &520-
8.125(6)(D)]:
* A single septic tank serving no more than one (1)[®J; and

* A capacity of at least one thousand (1,000) gallonBrovide twenty percent (20%) of the septic
tank volume for freeboard and ventilation.

3.5.5 Existing Septic Tanks

When existing on-site septic tanks are proposed faeuse in an alternative sewer system, they must be
inspected and verified watertight prior to acceptare. Refer to subsection 3.5.4 for the minimum desig
of acceptable existing septic tanks proposed for use [See 10 CSR 20-8.125(6)(ERxisting septic tanks
may be a source of infiltration and inflow withquroper inspection.

3.5.6 Pump Vault Design

Locate the pump vault within the septic tank atdh#et or outside the septic tank in a separabeguault.
Protect the pump by means of an outlet screen.

Number of pumps.Duplex pumps shall be provided where the design flo from the EDUS, or other, is
one thousand five hundred (1,500) gallons per day greater [See 10 CSR 20-8.125(6)(F)1.].

Construction materials. Pump vaults are typicatlgstructed from fiberglass reinforced polyestehigh
density polyethylene.

Access. Refer to subsection 3.4.4, Access [See BRQ0-8.125(6)(F)2.].

Vault cover. Refer to subsection 3.4.4, Vault Cover

Pump removal. Refer to subsection 4.3.2 [See 10 C2B-8.125(6)(F)3.].

Valves. Refer to subsection 3.4.4, Valves [See 18R 20-8.125(6)(F)4.].

Pump construction. Refer to subsection 4.3.1 fergieof pumps and motors.

Controls. Refer to subsection 4.1.4 for water levelontrol design [See 10 CSR 20-8.125(6)(F)5.].
Electrical equipment. Refer to subsection 4.3.4 foglectrical equipment [See 10 CSR 20-8.125(6)(F)6.]

Flow measurement. Refer to subsection 4.1.9 fov flleasurement.

Alarm systems. Refer to subsection 3.4.4, Alarm s¢sns [See 10 CSR 20-8.125(6)(F)7.].
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Emergency operationsProvisions must be made for periods of mechanical @ower failure [See 10 CSR
20-8.125(6)(F)8.].

Spare parts. Refer to subsection 3.4.4, Spare. parts

3.6 Septic Tank Effluent Gravity (STEG) Sewers

3.6.1 Sewer Design

Sewer mains may be laid with a variable gradepag &s a positive head exists to drive the wasevtatvard
a terminal location, which allows the sewer toduallthe natural topography of the area.

Velocity. The maximum velocity in any portion of the systemizall be thirteen feet per second (13 ft/s)
with velocity protection [See 10 CSR 20-8.125(7)(A).

Minimum size. The minimum diameter sewer main pipe shall not bedss than four inches (4") [See 10
CSR 20-8.125(7)(A)2.].

Cover. Refer to subsection 2.3.2 for cover depth.
Materials. Refer to subsection 2.3.7 for matemdéstion and design.

Installation. Refer to subsection 2.3.8, Standardg,renching, Bedding, haunching, and initial backfil,
and Final backfill for sewer installation[See 10 C& 20-8.125(7)(A)3.].

Termination. Refer to subsection 4.8.4 for sewaniteations.

Curvilinear alignment. Refer to subsection 2.355darvilinear alignment.

Leakage tests. Refer to subsection 2.3.9 for lealatgesting [See 10 CSR 20-8.125(7)(A)4.].
Corrosion. Refer to subsection 4.9.17 for corrogimtection.

Cleaning. Refer to subsection 3.4.1, Cleaning.

3.6.2 Sewer Appurtenances

Refer to subsection 3.4.2. When manholes are utiéid at major junctions of sewer mains, refer to seixn
2.4 [See 10 CSR 20-8.125(7)(B)].

3.6.3 Service Line Connection

Refer to subsection 3.4.3 [See 10 CSR 20-8.125(7)(C

The diameter of service line pipe shall not be legban four inches (4") [See 10 CSR 20-8.125(7)(C)1.
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3.6.4 Septic Tank Design

Refer to subsection 3.5.4 through 3.5.5 [See 10 C2B-8.125(7)(D)].

3.7 Combination of Sewers

3.7.1 Gravity Sewers

The combination of gravity sewers and any alteweasiewer system is acceptable.

3.7.2 STEP and STEG

The combination of STEP and STEG sewer systemnsroan and acceptable since both designs use septic
tanks and effluent sewers.

3.7.3 Pressure Sewers

STEP and STEG sewers systems discharging to a tl@anspressure sewer system is acceptable.
A pressure sewer system discharging to a downstreaB8TEP and STEG sewer system shall not be

permitted, as effluent sewers are not designed t@awey settleable solids and grease [See 10 CSR 20-
8.125(8)].

3.8 Vacuum Sewers

The Department will evaluate vacuum sewers on e-bgiscase basis. Design standards, operating atada,
experience for this system are not well establishedissouri. Refer to section 1.4 for new and inative
technology.
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Chapter 4: Pumping Stations

Flood Protection. Refer to Chapter 5 for flood proection [See 10 CSR 20-8.130(2)(A)].

Access Road. Refer to Chapter 5 for access roadsgamp station sites [See 10 CSR 20-8.130(2)(B)].

Security. Restrict pump station access, includihghachanical and electrical equipment, by unau#eor
persons, discourage vandalism, and prohibit theeo¢ of animals. It is recommended that secueitging
and access hatches with locks be provided. Refautieection 5.6.1 for fencing.

Grit. Where it is necessary to pump wastewater poigrit removal, design the wet well and pumgista
piping to avoid operational problems from the acualation of grit.

Safety. Refer to section 5.6 [See 10 CSR 20-8.13002].
Potable Water Sources. The distance between wasteemapumping stations and all potable water sources

should be one hundred feet (100") and shall be adst fifty feet (50') in accordance with 10 CSR 23-
3.010(2)(A)5. [See 10 CSR 20-8.130(2)(D)].

Housed Wet Wells. Design housed wet well ventilatian accordance with subsection 5.6.10 [See 10 CSR
20-8.130(2)(E)].

Erosion Control During Construction. Refer to sultiem 5.3.7.

Grading and Landscaping. Upon completion of cowsion, refer to subsection 5.3.8.

4.1 Design

4.1.1 Type

Wastewater pumping stations in general use fadl fiotir (4) types— wet well/dry well, submersiblecgon
lift, and screw pump.

4.1.2 Structures

Separation.Dry wells, including their superstructure, shall becompletely separated from the wet well
with gas-tight common walls [See 10 CSR 20-8.130(&)1.].

Equipment removal. Facilitate the removal of pummpstors, and other mechanical and electrical egeigm

without interference with the continued operatidthe remaining pumps. Components located insidlelings
or other structures are expected to be removaltleout affecting the structural integrity of the loimg. Refer
to subsection 5.3.2 for unit isolation.

Access and safety landings.
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AccessSuitable and safe means of access for persons weagrself-contained breathing apparatus
shall be provided to dry wells and to wet wells [S210 CSR 20-8.130(3)(A)2.Access to wet wells
containing either screening devices or mechanaijpgnent requiring inspection or maintenance is to
conform to subsection 6.1.1, Access.

Safety landings. For built-in-place pump statiqereyvide a stairway to the dry well with rest langsat
vertical intervals not to exceed twelve feet (129r factory-built pump stations over fifteen f€E5")
deep, provide a rigidly fixed landing at verticalarvals not to exceed ten feet {18here a landing is
used, provide a suitable and rigidly fixed bart@prevent individuals from falling past the intexdiate
landing to a lower level. A manlift or elevator miag used in lieu of landings in a factory-builttsta,
provided emergency access is included in the de€igmply with federal, state, and local safety codes
(also see subsection 5.5.7).

Buoyancy. Evaluate buoyancy of the wastewater ponggiation structures and, if necessary, make adequ
provisions for protection where high groundwatemditions are anticipated.

Construction materials. Refer to subsection 5.3.4.

4.1.3 Pumps

Multiple units.

Multiple pumps shall be provided except for desigraverage flows of less than fifteen hundred
(1,500) gallons per day [See 10 CSR 20-8.130(3)(C)]

Where only two (2) units are provided, select uaftthe same size and capacity such that, withuguity
out-of-service, the remaining units will have capat handle the design peak hourly flow.

All pumps should be tested by the manufacturersé&hests should include a hydrostatic test and an
operating test.

Single pump installations may be given consideratioly where the design average flow of the pump
station is less than fifteen hundred (1,500) gallper day and only if the pump station is desigoed
permit the installation of a future duplicate umithout structural change and satisfactory meaes ar
provided to detect malfunctions and take correcieons before an overflow to waters of the state
could occur.

Protection against clogging.

Combined wastewater. Pumps handling combined wastewhould be preceded by readily accessible
screening devices to protect the pumps from claggmdamage. Screening devices should have clear
openings as provided in subsection 6.1.2, Bar sgatVhere a screening device is installed, progide
mechanical hoist. Where the size of the instaltati@rrants, provide mechanically cleaned and/or
duplicate screening devices.

Separate sanitary wastewater. Protect pumps hgstiparate sanitary wastewater from thirty inches
(30" diameter or larger sewers by a screeningodewieeting the above recommendations. Consider
appropriate protection from clogging for small pungpstations.

For pump stations with screening devices, provideethod to remove, store, and dispose of screenings
in accordance with subsection 6.1.1, Screeningsvahand disposal.

Pump openings. Design pumps, other than grindepguhandling raw wastewater capable of passing soli

spheres of at least three inches (3") in diaméwemp suction and discharge openings should besit fieur
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inches (4") in diameter. An exception to the desarpassing solid spheres of at least three in¢Bigsn
diameter may be made on a case-by-case basis ielesign includes piping with a diameter at leastinch
(1") greater than the size of the solid sphereeqpdvalent protection from clogging or damage ,(geinder
pumps, screening device, etc.) is provided.

Priming. Place the pump, other than suction lifnps, so that under normal operating conditionglitoperate
under a positive suction head.

Electrical equipment. The following shall be met [See 10 CSR 20-8.1301B)2.]:

* Refer to subsection 5.5.2;

» Utilize corrosive resistant equipment located in tk wet well;

* Provide a watertight seal and separate strain religfor all flexible cable;

» Install a fused disconnect switch located above guad for the main power feed for all pumping
stations;

« When such equipment is exposed to weather, complyittv the requirements of weather proof
equipment National Electrical Manufacturers Associdion (NEMA) 4 at a minimum and 4X where
necessary; NEMA Standard 250-2014, published Decembl5, 2014. This standard is
incorporated by reference in this rule, as publishé by National Electrical Manufacturers
Association, 1300 North 17 Street, Arlington, VA 222009;

* Install lightning and surge protection systems;

* Install a one hundred ten volt (110 V) power recepicle inside the control panel located outdoors
to facilitate maintenance; and

* Provide Ground Fault Circuit Interruption (GFCI) pr otection for all outdoor outlets.

Intake. Each pump should have an additional indi@idntake. Design the wet well and intake to avoid
turbulence near the intake and to prevent vortexdbion.

Dry well dewatering. Provide a sump pump equippéd dual check valves in the dry wédl remove leakage
or drainage with the discharge above the maximugh wiater level of the wet well. Water ejectors ceetad

to a potable water supply will not be approvedp8lall floor and walkway surfaces to a point ofidage. Pipe
or channel pump seal leakage directly to the siBrge the sump pump to remove the maximum pump seal
water discharge that could occur in the eventdmp seal failure. Refer to subsection 4.5.1 farralsystems
activation. Locate sump pumps to provide easy acaed removal. Operate the sump pump automaticglly

use of a level control.

Pumping rates. The pumps and controls of main pogngtiationsespecially pumping stations operated as part
of treatment facilities, should be selected to afeeat varying delivery rates. Design such statiorgeliver as
uniform a flow as practicable in order to minimizgdraulic surges. Base the station design capanithe

peak hourly flow determined in accordance withisecl.1 and size adequately to maintain a minimum
velocity of two feet (2') per second in the forcaim Refer to subsection 4.8.1.

4.1.4 Controls

Water level controls must be accessible without eating the wet well [See 10 CSR 20-8.130(3)(Clocate
water level control sensing devices to prevent emaftects from turbulent flows entering the wetegelby the
turbulent suction of the pumpiSor bubbler type level monitoring systems, inclddal air compressors. Make
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provisions to automatically alternate the pumpssa. Suction lift stations should be designed teradte
pumps daily instead of each pumping cycle to extbrdife of the priming equipment.

4.1.5 Pipe Size

Size pump suction and discharge piping not less fihar inches (4") in diameter except as approvadeu

subsection 4.1.3, Pump openings, where grinder puargused, or design of specialized equipmentvallo
Maximum recommended velocities are six feet (6)ggeond in the suction line and eight feet (8f)geeond
in the discharge line. Design the minimum veloaiby less than two feet (2') per second in the disgdhline.

416 Valves

Location. Valves shall not be located in the wet vlaunless integral to a pump or its housing[See 10 CSR
20-8.130(3)(D)].

Suction line. Place suitable shutoff valves ondhetion line of dry well pumps.

Discharge line. Place suitable shutoff and chedkegon the discharge line of each pump, other staew
pumps. Locate the check valve between the shuat¥bvand the pump. Select check valves suitabléhéor
material being handled and place the check valvia@morizontal portion of discharge piping exceptball
checks, which may be placed in the vertical rurlv¥aare expected to be capable of withstandinghabr
pressures and water hammer. Locate all shutofthedk valves to be operable from floor level anceasible
for maintenance. Outside levers are recommendexvorg check valves.

4.1.7 Wet Wells

Divided wells. Where continuity of pumping statioperation is critical, evaluate dividing the wetlveto
multiple interconnected sectiots facilitate repairs and cleaning.

Siz

@

Evaluate the design fill time and minimum pump eyttine in sizing the wet well. Base the effective
volume of the wet well on the design average fl@tedmined in accordance with section 1.1 and a
filling time not to exceed thirty (30) minutes, et the pumping station is designed to provide flow
equalization. Utilize the pump manufacturer’s deygle recommendations when selecting the minimum
cycle time.

* For constant speed pumps, base the minimum pun@ egltume orEquation 4-1.

V=(TxQ)/4
Equation 4-1. Minimum pump cycle volume.

Where:
V = storage volume between Pump ON and Pump OHRga
T = time between starts (minutes)
Q = pump discharge capacity or the differenceowftate between steps (gallons per minute)
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* When the anticipated initial flow tributary to themping station is less than the design average flo
make provisions so that the fill time indicateahag exceeded for initial flows. Evaluate detentiomes
for initial and ultimate flow conditions.

* When the wet well is designed for flow equalizatmrwhen wastewater will remain in the wet well for
extended periods, make provisions to prevent ggptic

Floor slope. Design the wet well floor with a minim slope of one to one (1:1) to the hopper bottbine.
horizontal area of the hopper bottom should bereatgr than necessary for proper installation andtfon of
the inlet.

High water level. Typically, the high water leva@ntrol in the wet well during normal operationstdeast one
foot (1) below the invert of the incoming sewer.

Air displacement. Covered wet wells shall have provisions for air dacement to the atmosphere, such
as an inverted and screened “j” tube or other meanfSee 10 CSR 20-8.130(3)(E)].

4.1.8 Ventilation

Interconnection between the wet well and dry well entilation systems is not acceptable. See requiremts
in subsection 5.6.10 [See 10 CSR 20-8.130(3)(F)].

In addition to the requirements in subsection R6the design should include the following:

» General. Provide adequate ventilation for all puatgtions. Provide mechanical ventilation for drylgve
that are located below the ground surface. If sgg@ mechanical equipment requiring maintenance or
inspection are located in the wet well, installmpanent ventilation equipment;
=  Wet wells. Wet well ventilation may be either contdus or intermittent; Foraar into the wet well

by mechanical means rather than solely exhausted thhe wet well. Base air change demands on

one hundred percent (100%) fresh air.

o Where continuous ventilatiae needed, provide at least twelve (12) complateteanges per
hour;

o Where ventilation is intermittent, provide at letistty (30) complete air changes per hour;

o Ensure portable ventilation equipment is availdbfeuse at submersible pump stations and wet
wells with no permanently installed ventilation gguent; and

= Dry wells. In dry wells over fifteen feet (15") geenultiple inlets and outlets are desirable. Degllw

ventilation may be either continuous or intermittddase air change demands on one hundred

percent (100%) fresh air;

o0 Where continuous ventilation is needed, provideast six (6) complete air changes per hour;

o Where ventilation is intermittent, provide at letistty (30) complete air changes per hour. A
system of two (2) speed ventilation with an initrahtilation rate of thirty (30) changes per hour
for ten (10) minutes and automatic switch overixq®) changes per hour may be used to
conserve heat.

4.1.9 Flow Measurement

Provide suitable devices for measuring wastewé#der &t all pumping stations as identified in suliger5.5.9.
Equip all pump stations with elapsed time metews minimum provided sufficient equipment is in @ado
measure the duration of individual and simultangmusp operation.
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4.1.10 Water Supply

There shall be no physical connection between anyfable water supply and a wastewater pumping
station which, under any conditions, might cause ecdamination of the potable water supply. If a potalte
water supply is brought to the station, conform tahe conditions stipulated under subsection 5.5.4 ¢ 10
CSR 20-8.130(3)(G)].

4.2 Suction-Lift Pump Stations

Suction-lift pumps shall meet the applicable requiements of section 4.1 [See 10 CSR 20-8.130(4)].

4.2.1 Pump Priming and Lift Requirements

Suction-lift pumps are of the self-priming or vaowpriming type. Suction-lift pump stations usingdynic
suction lifts exceeding the limits outlined in sent4.2 may be approved by the Department upon sdon

of factory certification of pump performance andaded calculations indicating satisfactory perfame under
the proposed operating conditions in the summadesfgn. Include such detailed calculations ofsHaiction-
lift as measured from “lead pump off’ elevationcenter line of pump suction, friction, and othedfraulic
losses of the suction piping, vapor pressure ofithed, altitude correction, required net positsugction head,
and a safety factor of at least six feet (6').

4.2.2 Self-Priming Pumps

Self-priming pumps are expected to be capablemflinariming and repriming at the “lead pump on”v&lgon.
Such self-priming and repriming is to be accom@dhutomatically under design operating conditions.
Suction piping should not exceed the size of thepsuction nor exceed twenty-five feet (25') iratd¢ngth.
For priming lift at the “lead pump on” elevatiomclude a safety factor of at least four feet (@Bt the
maximum allowable priming lift for the specific agment at design operating conditioii$ie combined total
of dynamic suction lift at the “pump off” elevation and required net positive suction head at design
operating conditions shall not exceed twenty-two & (22") [See 10 CSR 20-8.130(4)(A)].

4.2.3 Vacuum-Priming Pumps

Vacuum-priming pump stations shall be equipped withdual vacuum pumps capable of automatically and
completely removing air from the suction-lift pump[See 10 CSR 20-8.130(4)(B)Adequately protedhe
vacuum pumps from damage due to wastewater.

4.2.4 Equipment, Wet Well Access, and Valve Lotan

Equipment. Locate the pump equipment compartmemteabrade or offset and effectively isolate frora winet
well to prevent a hazardous and corrosive seweogthrere from entering the equipment compartment.

Wet well accessWet well access shall not be through the equipmegbmpartment and shall be at least
twenty-four inches (24") in diameter [See 10 CSR 28.130(4)(C)1.]. Provide gasketed replacement plates to
cover the opening to the wet well for pump unit®ioged for servicing.
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Valve location.Valves shall not be located in the wet well [See TEER 20-8.130(4)(C)2.].

4.3 Submersible Pump Stations

Submersible pump stations shall meet the applicablequirements under section 4.1, except as modified
in section 4.3 [See 10 CSR 20-8.130(5)].

4.3.1 Construction

Design submersible pumps and motors specificalydw wastewater use, including totally submerged
operation during a portion of each pumping cyctel B0 meet the requirements of the NEC for suctsuni
Provide an effective method to detect shaft seliréaor potential seal failure. No portion of themp should
bear directly on the floor.

4.3.2 Pump Removal

Submersible pumps shall be readily removable and paceable without personnel entering or dewatering
the wet well or disconnecting any piping in the wetvell [See 10 CSR 20-8.130(5)(A)].

4.3.3 Ventilation

Provide submersible pump wet wells with static gghimechanical ventilation is not provided. Algdar to
subsection 4.1.8.

4.3.4 Electrical EQuipment

Power supply and control circuitry. Design ele@tisupply, control, and alarm circuits to provideam relief
and to allow disconnection from outside the wetlwiotect terminals and connectors from corrogign
locating them outside the wet well or through ubeatertight seals.

Controls. Locate the motor control center outsigewet well to be readily accessible and to begatet] by a
conduit seal or other appropriate measures met#tegequirements of the NEC, to prevent the atmespbf
the wet well from gaining access to the controlteerLocate the seal so that the motor can be rechand
electrically disconnected without disturbing thals&/hen such equipment is exposed to weather, theet
requirements of weather proof equipment NEMA 4 atismum and 4X where necessary. See subsection
4.1.3 for NEMA information.

Power cord. Design pump motor power cords for Baity and serviceability under conditions of extrard
usage and to meet the requirements of the NEC atasdor flexible cords in wastewater pump statidsese
ground fault interruption protection to de-enerdize circuit in the event of any failure in thecttecal
integrity of the cable. Use corrosion resistant oaord terminal fittings and construata manner to prevent
the entry of moisture into the cabRrovide a power cord with strain relief appurtesemand design to
facilitate field connecting.
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4.3.5 Valve Chamber and Valves

Valves required under subsection 4.1.6 shall be lated in a separate valve chamber [See 10 CSR 20-
8.130(5)(B)].

Drain. Make provisions to remove or drain accunmadawater from the valve chamber. The valve chamizer
be dewatered to the wet well through a drain lunehghat gases or overflows from the wet well dberger the
valve chamber.

Integral check valves. Check valves that are itietgrthe pump need not be located in a separéte va
chamber provided that the valve can be removed fhmmwet well in accordance with subsection 4.3.2.

AccessA minimum access hatch dimensions of twenty-four iches by thirty-six inches (24" x 36") shall
be provided[See 10 CSR 20-8.130(5)(B)1Hrovide access in accordance with subsection At&ss.

Ventilation. Valve chambers with piping eight ineh@") (20 cm) in diameter or greater should coasid
ventilation in accordance with subsection 4.1.8; Wells.

Portable pump connection.A portable pump connection on the discharge line i rapid connection
capabilities shall be provided in the valve chambejSee 10 CSR 20-8.130(5)(B)2Refer to subsection
4.6.3.

Valve chamber construction materials. Valve chambee typically constructed from concrete or filbesg
reinforced polyester.

Piping supports. Provide adequate support for tbehdrge lines and valves. Supports are expected &b
corrosion resistant material. Contact between mhisi metals should be avoided or other provisimasle to
minimize galvanic action.

Valve chambers are expected to be watertight.

4.4 Screw Pump Stations

Screw pump stations are expected to meet the appdicequirements of section 4.1.

441 Covers

Provide covers or other means of excluding dirantight as necessary to eliminate adverse effeaised by
temperature changes.

4.4.2 Pump Wells

Provide a positive means of isolating individuakese pump wells.
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4.4.3 Bearings

Lubricate submerged bearings by means of an auéohsgstem without pump well dewatering.

4.4.4 Discharge Line

Make suitable provisions to prevent backflow dowa trough of a pump that is out-of-service.

4.5 Alarm Systems

45.1 General

Alarm systems with a backup power source shall berpvided for pumping stations [See 10 CSR 20-
8.130(6)].The alarm is expected to be activated in caspswer failure, dry well sump and wet well high
water levels, pump failure, or any other causeushp station malfunction.

4.5.2 Transmitting System

Provide pumping station alarsystems that transmit and identify alarm condititmna facility that is staffed
twenty-four (24) hours a day. If such a facilitynist available and twenty-four (24)-hour holdingasity,
based on the design average flow, is not provittadsmit the alarm to offices during normal workimgurs
and to the phone of the responsible person(s)angehof the pumping station during off-duty hours.

4.5.3 Audio-visual System

Audio-visual alarm systems may be acceptable inescases in lieu of the transmitting system dependpon
location, station holding capacity, and inspecfi@guency with Department approval. Post a siggaah pump
station in a clearly visible location, listing degehone number to be called if the alarm is sedreard.

4.6 Emergency Operation

4.6.1 Objective

The objective of emergency operation is to prevleatdischarge of raw or partially treated wastem@t@ny
waters of the state and to protect public healtprgyenting sanitary sewer overflows of wastewatet
subsequent discharge to basements, streets, asrdgpotblic and private property.

4.6.2 Emergency Pumping Capability

Emergency pumping capability is expected unlessystem overflow prevention is provided by adequate
storage capacity. Emergency pumping capability beagccomplished by connection of the pump staticat t
least two (2) independent utility substations, byvsion of portable or in-place internal combustengine
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equipment to generate electrical or mechanicalgner by the provision of portable pumping equipie
Comply with the conditions stipulated in subsectob.1 for emergency power facilities. For emergenc
standby systems, provide sufficient capacity tot sfp and maintain the total rated running capaaithe
pump station.

4.6.3 Portable Pump Connection

Regardless of the type of emergency standby systemide a portable pump connection to the forcenma
with rapid connection capabilities and appropriatkves outside the dry well and/or wet well.

4.6.4 Portable Standby Equipment

Only utilize portable standby equipment when thieticming authority has responsible personnel cagpabl
responding twenty-four (24) hours a day. If portastiandby equipment are used for multiple facdiiee.
pumping stations, City Hall, etc.), the wastewaltdity should evaluate its pump stations to deteerthe
number and size of portable equipment needed tepteanitary sewer overflows during a period okeo
outage.

4.6.5 Emergency High Level Overflows

Evaluate a controlled, high-level wet well overfléavsupplement alarm systems and emergency pumping
capability in order to prevent backup of wastewatty basements, or other discharges that couldecaevere
adverse impacts on public interests, including ouialth and property damage for use during ptespieriods
of extensive power outages, mandatory power reghtior uncontrollable emergency conditions.

Where a high level overflow is utilized, drain tterage/detention tanks or basins back to the miatpn wet
well. All structures capable of bypassing shall be contiled by a lockable, manually operated valve.
Where such overflows are considered, contact the partment for the necessary treatment or storage
requirements [See 10 CSR 20-8.130(7)(A)1.].

In addition to the required emergency means of opation, where overflows may affect public water
supplies, a high level wet well overflow and a stage/detention basin or tank, the following minimum
retention time shall be provided [See 10 CSR 20-8Q(7)(A)2.]:
» For facilities with a design average flow one hundrd thousand (100,000) gallons per day or
greater, a storage capacity for two (2)-hour retenon of the peak hourly flow; or
» For facilities with a design average flow of lesdhan one hundred thousand (100,000) gallons per
day, a storage capacity for four (4)-hour retentiorof the peak hourly flow.

4.6.6 Storage Capacity

A holding basin with capacity for twenty-four (2dpur retention of peak hourly flow may be utilizeslan
emergency operation. Design the basin to drain bgakravity into the wet well or collection system.
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4.6.7 Equipment Requirements

General. The following applies to all internal camsbon engines used to drive auxiliary pumps, serpumps
through special drives, or electrical generatingigeent:

Engine protection. Protect the engine from opegationditions that would result in damage to
equipment. Unless continuous manual supervisigtaisned, provide protective equipment capable of
shutting down the engine and activating an alarmegsired in section 4.5. Monitor for conditions of
low oil pressure and overheating with protectivaipment. Oil pressure monitoring will not be
necessary for engines with splash lubrication;

Placement. Bolt standby generators in place. Peofadilities for unit removal for purposes of major
repair or routine maintenance;

Controls. Assess provisions for automatic and misstagtup and cut-in;

Size. Size the engine with adequate rated powstiatb and continuously operate under all connected
loads including lighting and ventilating systemsddition to pumping requirements;

Fuel type. Consider reliability and ease of stgrtespecially during cold weather conditions, ia th
selection of the type of fuel. Where public utilggs is selected, give consideration to a genedasign
that may be operated with an alternate fuel suppgyem in accordance with the NEC;

Underground fuel storage. For underground fuekgf@rand piping facilities, design, construct, ofgera
and maintain in accordance with 10 CSR 26-2;

Engine ventilation. Locate the engine above gramkraake adequate provisions for heat dissipation
and ventilation of fuel vapors and exhaust gases;

Routine start-up. Provide all emergency equipmatit imstructions indicating the need and frequency
for regular starting and running of such unitsuditlbads;

Protection of equipment. Protect emergency equiprinem damage at the restoration of regular
electrical power; and

Air quality. Evaluate federal, state, and localulagjons regarding air quality.

Engine-driven pumping equipment. In addition tosdtion 4.6.7, General, the following applies to

permanently-installed or portable engine-driven pung equipment:

Pumping capacity. Design engine-driven pumps totieepumping requirements unless storage
capacity is available for flows in excess of pumapacity. Design pumps for anticipated operating
conditions, including suction lift if applicable;

Operation. Equip the engine and pump for autonsiid-up and operation of pumping equipment
unless manual start-up and operation is justifiéake provisions for manual start-up. Where manual
start-up and operation is justified, meet the regqaents of section 4.5 and subsection 4.6.7, Hertab
pumping equipment; and

Portable pumping equipment. Where part or all efehgine-driven pumping equipment is portable,
provide sufficient storage capacity with an alagstem to allow time for detection of pump station
failure, transportation, and hookup of the portadgj@ipment, by means of permanent fixtures at the
pump station that will facilitate rapid and easyection.

Engine-driven generating equipment. In additiosubsection 4.6.7, General, the following applies to

permanently-installed or portable engine-drivenggating equipment:

Generating capacity.
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4.7

» Adequately size the generating unit to provide pdi@epump motor starting current and for
lighting, ventilation, and other auxiliary equipnierecessary for safety and the proper operation of
the pump station.

= Justify the operation of only one (1) pump durirgipds of auxiliary power supply. Such
justification may be made on the basis of the aepipk hourly flows relative to single-pump
capacity, the anticipated length of power outage, the storage capacity.

* Provide special sequencing controls to start purafora unless the generating equipment has
capacity to start all pumps simultaneously withikary equipment operating;

Operation. Make provisions for automatic and masteit-up and load transfer unless only manual

start-up and operation is justified. Protect theegator from operating conditions that could result

damage to equipment. Consider provisions to alleengine to start and stabilize at operating speed
before assuming the load. Where manual start-ugrandfer is justified, the storage capacity ared th
alarm system shall meet the requirements of sedtidand subsection 4.6.7, Portable generating
equipment;

Portable generating equipment. Where portable géingrequipment or manual transfer is utilized,

provide sufficient storage capacity, with an alaystem, to allow time for detection of pump station

failure, transportation, and connection of genagadquipment. Use special electrical connectionls an
double throw switches to connect the portable geimgr equipment. Protect electrical energy
generating units against burnout when normal ytdérvices are restored and provide sufficient
capacity to power for lighting and ventilating systin addition to the pumping units; and

Provisions for testing. Include testing provisiamshe design of subsection 4.6.7, Engine-driven

generating equipment requiring period testing tat@mplished while maintaining electric power to

all vital components. Such provisions would invoareability to conduct tests, such as actuating and
resetting automatic transfer switches and staamdjloading emergency generating equipment without
taking essential equipment off-line. Design thele power distribution system and equipment to
facilitate inspection and maintenance of individiiais without interruption of operations.

Independent Utility Substations

Where independent substations are used for emergenpower, each separate substation and its
associated distribution lines shall be capable ofeting and operating the pump station at its rated
capacity [See 10 CSR 20-8.130(7)(B)].

4.8

Instructions and Equipment

Supply wastewater pumping stations and portablgetgnt with a complete set of operational instiuts,
including emergency procedures, and maintenancsitds Supply tools and spare parts as necessary.
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4.9 Force Mains

4.8.1 Velocity

At design pumping rates, a cleansing velocity of deast two feet (2') per second shall be maintaind&ee
10 CSR 20-8.130(8)(A)]JA maximum velocity of eight feet (8") per secondesommended to avoid high head
loss and protect valves.

4.9.2 Minimum Size

The minimum force main diameter for raw wastewateyuld not be less than four inches (4"), excemrevh
grinder pumps are used.

4.9.3 Air and Vacuum Relief Valve

Placeair relief valves at high points in the force meorprevent air locking.

Vacuum relief valves may be necessary to relieygatiee pressures on force mains. Evaluate the foaia
configuration and head conditions for the need@adement of vacuum relief valves.

An air or vacuum relief valve should have an isolawvalve between the air relief valve and the éamtain.
Install an air or vacuum relief valve inside ofault that is at least thirty-six inches (36") imuhieter and has an
access opening at least twenty-four inches (248)ameter. The vault should have provisions for air

displacement to the atmosphere, such as an invanttdcreened “j” tube or other means.

Space valves at no more than one thousand fiveradridot (1,500") intervals to facilitate initiagting and
subsequent maintenance and repairs.

The weight of the valve is not be carried by theepiProvide valves with proper support, such ash&d stone,
concrete pads, or a well compacted trench bottom.

49.4 Termination

Design the force main to enter the receiving mamkoth a smooth flow transition to the gravity sewgstem
at a point not more than one foot (1') above tbe fine. Minimize turbulence and scouring at théenpof
discharge. Provide corrosion protection for theendog manhole in accordance with subsection 2.4.8.

4.9.5 Materials

Select pipe materials adapted to local conditisash as character of industrial wastes, soil charatcs,
exceptionally heavy external loadings, internakeo, corrosion, or similar problems.

All pipe and joint materials conforms to the appiaie ASTM specifications. Use suitable couplings
complying with ASTM specifications for joining digsilar materials.
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Design all pipes to prevent damage from superinghtige, dead, and frost-induced loads. Make proper
allowance for loads on the pipe, because of sall@otential groundwater conditions, as well asvidth and
depth of trench.

For new pipe or joint materials for which ASTM stiands have not been established, provide complete

material and installation specifications developadhe basis of criteria adequately documentedcaritfied in
writing by the manufacturer to be satisfactorytfog specific details plans for approval by the Depant.

4.9.6 Installation

Refer to subsection 2.3.8, Standards, Trenching, Bding, haunching, and initial backfill, and Final
backfill [See 10 CSR 20-8.130(8)(B)].

49.7 Cover

Cover force mains with sufficient earth or othesutation to prevent freezing.

4.9.8 Pipe and Design Pressure

Specify pipe and joints equal to water main striemgéaterials suitable for design conditions. Designforce
main, reaction blocking, and station piping to \stdnd water hammer pressures and associated oywéicsal
of stresses that are expected with the cyclingadtawater pump stations. Consider the use of salges,
surge tanks, or other suitable means to protedbtice main against severe pressure changes.

4.9.9 Anchoring

Sufficiently anchor force mains within the pumpstgtion and throughout the line length. Limit thenber of
bends to be as few as possible. Provide thruskblaestrained joints, and/or tie rods where rettia needed.

4.9.10 Special Construction

Meet applicable requirements of sections 2.6 ardd2.force main construction near streams or dsederial
crossings.

4.9.11 Design Friction Losses

Friction coefficient. Base friction losses througince mains on the Hazen-Williams formula or other
acceptable method (e.g. the Darcy-Weisbach eqyaidhen the Hazen-Williams formula is used, use the
value for “C” asone hundred (100) for unlined iron or steel pipedesign. For other smooth pipe materials
(e.g., polyvinyl chloride, polyethylene, lined diketiron, etc.) a higher “C” value, not to exceetedundred
thirty (130), may be allowed for design.

Maximum power requirements. When initially instdlléorce mains will have a significantly higher “@ictor.
The effect of the higher “C” factor should be calesed when calculating maximum power requiremends a
duty cycle time to prevent damage to the motoroAt®nsider the effects of higher discharge ratesetected
pumps and downstream facilities.
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4.9.12 Protection of Water Supplies

Comply with section 2.8 for separation between watanains and sanitary sewer force mains [See 10 CSR
20-8.130(8)(C)].

4.9.13 Identification

Where force mains are constructed of a materialrthight cause the force main to be confused witialpe
water mains, appropriately identify the force main.

4.9.14 Leakage Testing

Specify leakage tests including testing methodsleakbge limits. Refer to subsection 2.3.9, Leakagts.

4.9.15 Maintenance Considerations

Evaluate the installation of isolation valves whiEnee mains connect into a common force main. Eatal the
installation of cleanouts at low points and charslfer pig launching and catching for any force ntain
facilitate maintenance.

4.9.16 Cleaning

Give consideration to providing a suitable methbdleaning the force main whenever the velocityhia force
main may be less than two feet (2') per secondreefiimate development is reached.

4.9.17 Corrosion

Where corrosive conditions due to septicity or otteuses are anticipated, provide corrosion priotectf the
interior force main.

4.9.18 Locator Wire

Where locator wire is utilized, comply with secti2r®.
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Chapter 5: Wastewater Treatment Facilities

Location. Iltems to be considered when selecting @esare listed in subsection 1.3.5, Site Evaluatioisee
10 CSR 20-8.140(2)(A)]-

Flood Protection.Flood protection shall apply to new construction ad to existing facilities undergoing

major modification.

The wastewater facility structures, electrical eqyyment, and mechanical equipment shall be protected
from physical damage by not less than the one hundd (100)-year flood elevation or the highest
historical flood elevation, whichever is higher [Se 10 CSR 20-8.140(2)(B)].

Base a one hundred (100)-year flood plain on tltkefeé Emergency Management Agency (FEMA)
Flood Insurance Study (FIS) in effect at the tilme facility plan is submitted to the Department.
Where FEMA flood plain information is not availablese the one hundred (100)-year flood elevation
on the best information available and provide tngp®rting documentation.

Design wastewater facilities to remain fully opeaal and accessible during the twenty-five (253+ye
flood. This requirement applies to new construcaod the major modification to existing facilities.

Minimum Separation Distances.Local ordinances may require separation distagoester than those

established below.

Potable water sourcesUnless another distance is determined by the MissduGeological Survey
or by the Department’s Public Drinking Water Branch, the minimum distance between
wastewater treatment facilities and all potable wadr sources shall be at least three hundred feet
(300" [See 10 CSR 20-8.140(2)(C)1.].

ResidencesNo treatment facility shall be located closer thathe minimum distance provided in
Table 5-1 [See 10 CSR 20-8.140(2)(C)2.].

Table 5-1. Minimum Separation Distance.

Type of Facility Separation Distance
All discharging facilities with a design 50' to a neighboring
average flow of less than 100,000 gpd residence
All discharging facilities with a design

average flow of 100,000 gpd or greater 50' to propiy line

200' to a neighboring
residence and 50' to

Lagoons property line
Recirculating media filters following 200' to a neighboring
primary treatment residence

Access RoadAn all-weather access road shall be provided from public right-of-way to all pumping
stations and wastewater treatment facilities [See01CSR 20-8.140(2)(D)].

Provide sufficient room at the site to permit tmgnvehicles around.

Give consideration to the type of roadway and metbfoconstruction for the types of vehicles and
equipment necessary to maintain and operate tligyfac

Consider soil conditions, silt, and bedrock whesigi&ing access roads to be used by heavy vehicles.
In general, the grade of the access road shouldxoated twelve percent (12%).
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5.1 Quality of Effluent

The degree of wastewater treatment shall be based 40 CSR 20-7.015, Effluent Regulations, 10 CSR 20-
7.031, Water Quality Standards, and/or appropriatefederal regulations including the provisions of the
operating permit [See 10 CSR 20-8.140(3)].

5.2 Design

5.2.1 Type of Treatment

Items to be considered in selection of the appropate type of treatment are presented in section 1[See
10 CSR 20-8.140(4)(A)].

The facility design is expected to provide the sseey flexibility to perform satisfactorily withithne expected
range of waste characteristics and volumes.

5.2.2 New and Innovative Technology

Refer to section 1.4 [See 10 CSR 20-8.140(4)(B)].

5.2.3 Design by Analogy

Data from similar full scale installations may kédized in the design of subsequent installatidhr®vide a
thorough investigation that is adequately docuntetdg¢he Department to establish the reliabilitgd an
applicability of the data and design.

5.2.4 Design Period

Identify the design period in the facility plan persubsection 1.3.2 [See 10 CSR 20-8.140(4)(C)].

5.2.5 Design Loads

Hydraulic design.

» Identify flow conditions critical to the design ofthe wastewater treatment facility as described in
section 1.1 [See 10 CSR 20-8.140(4)(D)1.A.].

» Evaluate initial low flow conditions in the desigmminimize operational problems with freezing,
septicity, flow measurements, and solids dropout.

* The design peak hourly flows shall be used to evalte the effect of hydraulic peaks on unit
processes, pumping, piping, etc. [See 10 CSR 2040 )(D)1.B.].

« The design of treatment units that are not subjecto peak hourly flow requirements shall be based
on the design average flow [See 10 CSR 20-8.140)X.C.].

» Specify the design maximum day flows that the faci to treat on a sustained basis for facilities
subject to high wet weather flows or overflow déiem pump-back flows.
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Organic design.Base organic loadings for wastewater treatmeiiitiadesign on the information given in
section 1.1When septage is accepted at a wastewater treatmdatility, the effects of septage flow shall

be evaluated in the design [See 10 CSR 20-8.140p)K.]. For more information on septage, refer to section
6.8.

Shock effects. Evaluate the shock effects of hmgicentrations and diurnal peaks for short periddsre on
the treatment process, particularly for small waster treatment facilities and batch processes.

Flow equalization. Consider flow equalization foetequalization of flows and organic shock loadsllat
wastewater treatment facilities which are critigaffected by surge loadings. Flow equalizatiomsgjzshould
be based on data obtained herein and from sectigrsdction 6.5, and section 6.6.

5.2.6 Conduits

Design all piping and channels to carry the maxinaxmpected flows.

Design the incoming sewer for unrestricted flow.

Fillet bottom corners of the channels, except fefllent channels.

Design conduits to avoid creation of pockets amties where solids can accumulate.

Place suitable gates or valves in channels togeahused sections which might accumulate solite use of

shear gates, stop plates, or stop planks is peanithere they can be used in place of gate valvskiice
gates. Use corrosion resistant materials for tbes&ol gates.

5.2.7 Arrangement of Units

Arrange component parts of the wastewater treatfaeility for greatest operating and maintenance
convenience, flexibility, economy, continuity oftopum effluent quality for water quality protectioand ease
of installation of future units.

Provide adequate access and removal space arduwasgdonents to permit easy operation, inspection,
maintenance, and removal and replacement withoestfering with the operation of other equipment.

Components located inside buildings or other stmest should be removable without affecting thecstmal
integrity of the building or creating a safety haza

5.2.8 Flexibility

Provide a central collection and distribution pamdluding proportional flow splitting for the wastater flow
before each unit operation where duplicate ungsdasigned. Exceptions to this central collectiot a
distribution point requirement may be made on &4gscase basis when the design incorporates rhare t
one (1) unit process in the same physical structure
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5.2.9 Flow Division Control

Provide flow division control facilities as neceigst ensure positive, adjustable control of orgamd
hydraulic loading to the individual process unidesignflow division control facilities for easy operator
access, change, observation, and maintenance.

The use of upflow division boxes equipped with athble sharp-crested weirs or similar devices is
recommended.

The use of valves for flow splitting is not accdypéa

Incorporate appropriate flow measurement facilitiethe flow division control design.

5.2.10 Nuisance Control

Design should include measures for mitigation aggrom the following potential nuisance conditions
« Collection systems primarily composed of force rsan otherwise provides lengthy retention times;
* Preliminary treatment;
e Primary treatment;
e Trickling filters;
» Solids handling and disposal;
* Blowers; and
e Other processes.

5.3 Detalls

5.3.1 Installation of Mechanical Equipment

The specifications should be written to ensure tiratinstallation and initial operation of majants of
mechanical equipment will be inspected and apprdyeal representative of the manufacturer.

5.3.2 Unit Isolation

Removal from service.

* Locateand arrangstructures and piping so that each unit of the eveater treatment facility can be
removed from service independently. Design the evester treatment facility to operate during unit
maintenance and emergency repair.

* Unitisolation may be accomplished through theafsguplicate or multiple treatment units in anygea
if the design average flow can be handled hydralljiavith the largest unit out-of-service.

» Design all unit isolation systems to permit mamnyagration in the event of power failure and designe
so that the valve will fail as is, upon failuretbé power operator.

» Assess the need for lifting and handling equipnasrailable to aid in unit isolation and the placetn
structures and other devices to lift and handleyealarge components.
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Unit isolation during construction. Unit isolatioliring construction procedures are as presentedldsection
1.8.3.

5.3.3 Unit Dewatering, Flotation Protection, andPlugging

Provide a means such as drains or sumps to conyplisi@ater each unit to an appropriate point inghaezess.

Design lines feeding chemicals or process air sirisawet wells, and tanks to enable repair oraephent
without drainage of the basins, wet wells, or tanks

Include suitable methods in the design to previetdtion of structures in areas subject to highugdwater.

Provide a means for mechanical cleaning or flusfangipes subject to plugging.

5.3.4 Construction Materials

Select materials that are appropriate under camditof exposure to hydrogen sulfide and other soreogases,
greases, oils, and other constituents frequenégeat in wastewater. This is particularly importarthe
selection of metals and paints. Avoid contact betwdissimilar materials or make other provisionsitoimize
galvanic action.

5.3.5 Painting

Avoid the use of paints containing lead or mercury.

In order to facilitate identification of piping, gecularly in larger wastewater treatment facikijdt is suggested
that the different lines be color-coded. The failag color scheme shown ifable 5-2, is recommended for
purposes of standardization.

Table 5-2. Piping Color Schemes.

Pipe Line Type Color Scheme
Raw solids Brown with black bands
Solids recirculation suction Brown with yellow band
Solids draw off Brown with orange bands
Solids recirculation discharge Brown
Digested solids Black
Solids gas Orange (or red)
Natural gas Orange (or red) with black bands
Nonpotable water Blue with black bands
Potable water Blue
Fire main Red
Chlorine Yellow
Sulfur dioxide Yellow with red bands
Wastewater Gray
Compressed air Dark green
Process air Light green
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the_r lines for heating digesters O e with red bands
buildings

Fuel oil/diesel Red

Plumbing drains and vents Black

Ferric Chloride Orange with green bands
Polymer Purple

Stencil the contents and direction of flow on tiy@nm in a contrasting color.

5.3.6 Operating Equipment

Provide a complete outfit of tools, accessoried, gpare parts necessary for the facility persoaneé.

Readily accessible storage space and workbendttiéscshould be provided. Consideration shouldjiven to
provision of a garage for large equipment storaggntenance, and repair.

5.3.7 Erosion Control During Construction

Provide effective site erosion control during constion.

5.3.8 Grading and Landscaping

Upon completion of construction, graded either sod or seed the affected site. All-weratbalkways should
be provided for access to all units. Where possgitep slopes should be avoided to prevent erasidro
minimize slips, trips, and falls. Design all wasgd@r units to exclude surface water and stormwateoff.

5.4 OQutfalls

5.4.1 Discharge Impact Control

Design the outfall to minimize the impact on theeiging stream and give consideration to the foilmy
» Preference for free fall;
e Submerged discharge;
« Utilization of cascade aeration of effluent disg®ato increase dissolved oxygen; and
« Limited or complete across-stream dispersion adetkéo protect aquatic life movement and growth in
the immediate reaches of the receiving stream.

5.4.2 Protection and Maintenance

The outfall shall be so constructed and protectedgainst the effects of flood water, ice, or other haards
as to reasonably insure its structural stability anl freedom from stoppage [See 10 CSR 20-8.140(5)(A)]
A manhole should be provided at the shore end girality outfall pipes extending into the receiyiwaters.
Consider hazards to navigation in designing ouffglés.
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5.4.3 Sampling Provisions

All sampling points shall be designed so that a repsentative and discrete twenty-four (24) hour
automatic composite sample or grab sample of thefaefent discharge can be obtained at a point afterite
final treatment process and before discharge to amixing with the receiving waters [See 10 CSR 20-
8.140(5)(B)].

5.4.4 Outfall Sign

All outfalls shall be posted with a permanent sigimndicating the outfall number (i.e., Outfall #001)[See
10 CSR 20-8.140(5)(C)].

5.5 Essential Facilities

5.5.1 Emergency Power Facilities

General. All wastewater treatment facilities shall be proviced with an alternate source of electric power
or pumping capability to allow continuity of operation during power failures [See 10 CSR 20-
8.140(6)(A)1.].Refer to subsection 4.6.7 for equipment requireméviethods of providing alternate sources
include:
e The connection of at least two (2) independent pasarcesuch as substations able to supply power
without interruption. Provide a power line from kaubstation;
* In-place automatically starting or portable intérr@mbustion engine equipment which will generate
electrical or mechanical energy; or
* Portable pumping equipment when only emergency mugrnp needed. Where part or all of the engine-
driven pumping equipment is portable, provide adég@mergency storage capacity with an alarm
system to allow time for detection of power failuiransportation, and hookup of the portable
equipment.

Provisions for testing of engine-driven generaagipment, refer to subsection 4.6.7, Provisionsdsting.

Power for aeration. In cases where a history abmier long-term (i.e., four (4) hours or more) poweatages
or reduced voltage have occurred, provide auxilmyer for minimum aeration demand in the treatment
process. The Department may determine full poweegging capacity is needed for wastewater dis@saiq
certain critical stream segments such as upstrédratoing beaches, public water supply intakestoer
similar situations.

Power for disinfection. Disinfection and dechlorination, when used, shall be provided ding all power
outages [See 10 CSR 20-8.140(6)(A)2.].

Reliability of power service. Submit to the Depagtrha determination of the reliability of powenrgee for a
new wastewater treatment facility.

Power for data loggers and programmable logic ofiets (PLCs). Computers configured to log data Bh@s
are supplied with an uninterruptable power supply$) with electrical surge protection. Each UPS ihoos
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its own battery condition and issues an alarm flomabattery condition.
« UPSs configured to supply computers initiates thamuter to save all open files, without overwriting
existing files, at the time of primary power faguand again when a low battery condition occurs.
» UPSs configured to supply PLCs retains program nmgrfeog., process control program, last known
set-points, and measured process/equipment stdtths) time of primary power failure and again when
a low battery condition occurs.

5.5.2 Electrical Controls

Electrical systems and components in raw wastewater in enclosed or partially enclosed spaces where
hazardous concentrations of flammable gases or vapgpomay be present, shall comply with the NFPA 70
National Electric Code (NEC) (2017 Edition), as approved and published August 22016, requirements
for Class I, Division 1, Group D locations. This sindard is incorporated by reference in this rule, a
published by National Fire Protection Associatiofi, 1 Batterymarch Park, Quincy, MA 02169-7471. This
rule does not incorporate any subsequent amendments additions [See 10 CSR 20-8.140(6)(B)].

Install electrical controls within NEMA 4X encloss where applicable See subsection 4.1.3 for NEMA
information.

Provide a hard-wired backup for manual overrideafibautomatic process controlled components. Both
automatic and manual controls allows independeetaifn of each component.

PLCs should be provided as necessary to ensure egpipment or process recovery and minimize the
deterioration of effluent quality. Refer to subsact5.5.1, Power for data loggers and programmislglie
controllers (PLCs) for more information.

5.5.3 Alarm Systems

At a minimum an audiovisual alarm system with a séicontained power supply to monitor the condition
of equipment whose failure could result in a violabn of the operating permit shall be provided for &
wastewater treatment facilities [See 10 CSR 20-8.06)(C)]. Provide alarms to monitor conditions which
could result in damage to vital components.

For continuously manned wastewater treatment fees|iprovide an audio-visual alarm system visiblareas
normally manned and in areas near the equipmengmeonitored.

Facilities with a design average flow of one huddieusand (100,000) gallons per day or greateratganot
supervised twenty-four (24) hours per day, in addito a local audio-visual alarm, provide telemetith
battery backup as part of the alarm system. Theenelry system notifies facility personnel in thertvof an
alarm.

The following applies to all wastewater treatmexdilities with the exception of facilities with &sign average
flow of less than one hundred thousand (100,00 m@per day:
* Provide a backup power supply, such as a battesly wah an automatic switchover feature, for the
alarm system (such that a failure of the primany@osource would not disable the alarm system),
unless an adequate alternate or emergency poweresisiyprovided; and
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* Provide test circuits to enable the alarm systetyettested and verified to be working properly.

5.5.4 Water Supply

General.

* An adequate supply of potable water under presshogld be provided for use in the laboratory amd fo
general cleanliness around the wastewater treatfaeitity.

* No piping or other connections shall exist in any gt of the wastewater treatment facility which,
under any conditions, might cause the contaminationf a potable water supply [See 10 CSR 20-
8.140(6)(D)1.].

» The chemical quality should be checked for suitgbiibr its intended usesuch as in heat exchangers,
chlorinators, etc.

Direct connections. Potable water from a municgradeparate supply may be used directly at polmse
grade for the following hot and cold supplies:

* Lavatory;

* Water closet;

» Laboratory sink (with vacuum breaker);

* Shower;

* Drinking fountain;

* Eye wash fountain; and

« Safety shower.

Direct hot water connectionsHot water for any direct connections shall not bedken directly from a
boiler used for supplying hot water to a digester bating unit or heat exchanger [See 10 CSR 20-
8.140(6)(D)2.].

Indirect connections.

* Where a potable water supply is to be used for angurpose in a wastewater treatment facility
other than direct connections, a break tank, presse pump, and pressure tank or a reduced
pressure backflow preventer consistent with the Degrtment’s Public Drinking Water Branch
shall be provided [See 10 CSR 20-8.140(6)(D)3.AFor more information, refer to 10 CSR 60-
11.010(3)(A) and 10 CSR 60-11.010(4).

* A sign shall be permanently posted at every hoselhifaucet, hydrant, or sill cock located on the
water system beyond the break tank or backflow preenter to indicate that the water is not safe
for drinking [See 10 CSR 20-8.140(6)(D)3.B.Figure 5-1 provides the minimum wording for the
warning sign.

NON-POTABLE WATER
DO NOT DRINK

Figure 5-1. Minimum text for a non-potable water warning sign.

Separate potable water supply. Where it is notiplest provide potable water from a public watepgly, a
separate well may be provided. Location and coostnu of the well should comply with requirementgize
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Department’s Public Drinking Water Branahd in subsection 5.5.4, Direct connections, Dinettwater
connections, and Indirect connections.

Separate non-potable water supplyWhere a separate non-potable water supply is to bgrovided, a
break tank will not be necessary, but all system dlets shall be posted with a permanent sign indicatg
the water is not safe for drinking [See 10 CSR 20-840(6)(D)4.].Refer to subsection 5.5.4, Indirect
connections, for more information on the signage.

5.5.5 Sanitary Facilities

Toilet, shower, lavatory, and locker facilities shibbe provided in sufficient numbers and at comeein
locations to serve the expected facility personnel.

5.5.6 Floor Slope

Design floor surfaces to slope to a point of drgaa

5.5.7 Stairways, Railings, and Walkways

Install stairways in lieu of ladders for accessimits requiring routine inspection and maintenasceh as
digesters, trickling filters, aeration tanks, diaris, tertiary filters, etc. Spiral or winding Btaare permitted
only for secondary access where dual means of £gresprovided.

Design stairwaglopes between thirty degrees (30°) and forty desy(40°) from the horizontal to facilitate
carrying samples, tools, etc. Each tread and siseuld be of uniform dimension in each fligbesign a flight
of stairswith more than a twelve foot (12') continuous rgth a platform.

Provide a removable chain for openings in railings.

Provide hand railings with toe-boards, where appatg, for open valve box, pit, tank, basin, trerathirwells,
and other hazardous structures where the top dfisMalss than forty-two inches (42") above thesunding
ground level.

Equip a walkway above an open tank with a raisegted

An overhead pipe should have at least a seven(7gatlearance, unless the pipe is padded to ptéesad
injury and has a warning sign.

5.5.8 Protection from the Elements

Design all wastewater treatment facilities, exdbpse facilities which operate only seasonallyensure
effective operation under all weather condition®t&ction from the elements should be given thiewahg
consideration:

» Provisions for covering exposed process areashuiéinds or insulating panels may be sufficient;

* The use of heat tapes around scum and solids neiinyg in addition to covering the tanks;

» A sufficient number of electrical outlets;
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« Tanks which are not completely backfilled on alles may require additional protective measures
during freezing weather; and

* Any such measures taken to protect process urotddginot present a hazard to facility personnel nor
hinder the operation of the wastewater treatmaenilitia

5.5.9 Flow Measurement

A means of flow measurement shall be provided at lalvastewater treatment facilities [See 10 CSR 20-
8.140(6)(E)].

Location. Provide flow measurement equipment tosueathe following flows:
* Influent;
» Effluent flow and other flows to be monitored untlee provisions of the operating permit; and
* Where applicable, other flows such as return atvaludge, waste activated sludge, recirculaton,
recycle for operational control.

Facilities.
* Provide indicating, totalizing, and recording flomeasurement devices for wastewater treatment
facilities with a design average flow of one hurbileousand gallons per day (100,000 gpd) or greater
* Provide a flume or weir without a secondary meagudevice at a minimum for wastewater treatment
facilities with a design average flow less than boedred thousand gallons per day (100,000 gpd).
= An elapsed time meter used in conjunction with pingpate tests may be considered an approvable
alternate to a flume or weir when all of the inflaer effluent is pumped by a single influent pump
station.
= The design should facilitate the installation ofttouous flow recording equipment.

Measuring equipment. Size all flow measurementggant to function effectively over the full rangeflows
expected. Provide protection against freezingltaw imeasurement equipment.

Hydraulic conditions. Design flow measurement emept including approach and discharge conduit
configuration and critical control elevations tasare the required hydraulic conditions necessargdourate
measurement are provided. Avoid turbulence, eddients, air entrainment, or any other aspect thaets the
normal hydraulic conditions that are necessaratmurate flow measurement.

5.5.10 Sampling Equipment

Effluent twenty-four (24) hour composite automaticsampling equipment shall be provided at all
mechanical wastewater treatment facilities and atther facilities where necessary under provisions dhe
operating permit. See 10 CSR 20-7.015, Effluent Relgitions [See 10 CSR 20-8.140(6)(F)].

Also, provide twenty-four (24) hour composite auttim sampling equipment for influent sampling when

monitored under the provisions of the operatingmperThe influent sampling point should be locaper to
any process return flows.
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5.5.11 Housed Facilities

Where wastewater treatment units are in a housed @lity, refer to subsection 5.6.10 for ventilatiofSee
10 CSR 20-8.140(6)(G)].

5.6 Safety

Adequate provisions shall be made to effectively ptect facility personnel and visitors from hazardsThe
following in the subsections below shall be providkto fulfill the particular needs of each wastewate
treatment facility. [See 10 CSR 8.140(7)].

5.6.1 Fencing

Enclose the facility site with a fence designed ttiscourage the entrance of unauthorized persons and
animals. The fence design shall include the following [Se®ICSR 8.140(7)(A)]:

* A minimum of five feet (5') in height and construced of durable materials appropriate to the site
and nature of the wastewater treatment facility;

« A minimum of four feet (4') clearance from all process units provided to permit easy access for
operation and maintenance;

* Atleast one (1) lockable gate provided for acces$ maintenance equipment and vehicles. Gates
constructed in a manner and of materials comparabléo those used for the fence. Gates designed
to prohibit entry of the enclosure by crawling undeneath. When sizing the gate, give
consideration to the need for entry of mowing equiment, biosolids trucks, or other vehicles or
equipment necessary for routine maintenance and opation; and
At least one (1) warning sign placed on each sidéthe facility enclosure and each gate in such
positions as to be clearly visible from all directons of approach. Include the minimum wording
“WASTEWATER TREATMENT FACILITY — KEEP OUT”. Fabrica te signs of durable
materials with characters at least two inches (2")n height and securely fastened to the fence.
Figure 5-2 provides an example of the minimum wording forwWening sign;

WASTEWATER TREATMENT FACILITY
KEEP OUT

Figure 5-2. Minimum text for a fence warning sign.

5.6.2 Grates

Gratings over appropriate areas of treatment unitswhere access for maintenance is necessary [See 10
CSR 8.140(7)(B)].

5.6.3 First Aid

First aid equipment [See 10 CSR 8.140(7)(C)].
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5.6.4 No Smoking

Posted “No Smoking” signs in hazardous areas [Se® TSR 8.140(7)(D)].

5.6.5 Personal Protective Equipment

Personal protective equipment (PPE) (e.g., self-ctained breathing apparatus, goggles, gloves, hardaks,
safety harnesses and line, hearing protectors, et¢See 10 CSR 8.140(7)(E)].

5.6.6 Confined Spaces

Portable blower and hose sufficient to ventilate axessed confined spaces [See 10 CSR 8.140(7)(F)].

5.6.7 Portable Lighting

Portable lighting equipment complying with NEC requrements [See 10 CSR 8.140(7)(G)].

5.6.8 Gas Detectors

Gas detectors listed and labeled for use in NEC (4a [, Division 1, Group D locations [See 10 CSR
8.140(7)(H)].

5.6.9 Warning Signs

Appropriately-placed warning signs for slippery areas, non-potable water fixtures (see subsection 543.
low head clearance areas, open service manholeszaedous chemical storage areas, flammable fuel
storage areas, high noise areas, etc [See 10 CSR48(7)(1)].

5.6.10 Ventilation

Ventilation shall include the following[See 10 CSR.140(7)(J)]:

» Isolate all pumping stations and wastewater treatm@& components installed in a building where
other equipment or offices are located from the rasof the building by an air-tight partition,
provide separate outside entrances, and provide safate and independent fresh air supply;

» Force fresh air into enclosed screening device arear open pits more than four feet (4') deep.
Also see subsection 4.1.8;

» Dampers. Dampers are not to be used on exhaust aesh air ducts. Fine screens or other
obstructions on exhaust or fresh air ducts shouldéavoided to prevent clogging;

« Continuous ventilation. Where continuous ventilatio is needed (e.g., housed facilities), provide at
least twelve (12) complete air changes per hour. Véhe continuous ventilation would cause
excessive heat loss, provide intermittent ventilain of at least thirty (30) complete air changes per
hour when facility personnel enter the area. Baseilachange demands on one hundred percent
(100%) fresh air;

e Electrical controls. Mark and conveniently locate witches for operation of ventilation equipment
outside of the wet well or building. Interconnect d intermittently operated ventilation equipment
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with the respective wet well, dry well, or buildinglighting systemGive consideration to automatic
controls where intermittent operation is uséde manual lighting/ventilation switch is expectedo
override the automatic controls. For a two (2) spekventilation system with automatic switch over
where gas detection equipment is installed, increaghe ventilation rate automatically in response
to the detection of hazardous concentrations of gas or vapors; and

* Fans, heating, and dehumidification. Fabricate théan wheel from non-sparking material. Provide
automatic heating and dehumidification equipment inall dry wells and buildings. Refer to
subsection 5.5.2 for electrical controls.

5.6.11 Explosive Areas

Explosion-proof electrical equipment, non-sparkingools, gas detectors etc., in work areas where
hazardous conditions may exist, such as digesterwgs and other locations where potentially explosie
atmospheres of flammable gas or vapor with air magccumulate. See subsection 5.5.2 [See 10 CSR
8.140(7)(K)].

5.6.12 Lockout/Tagout

Provisions for local lockout/tagout on stop motor ontrols and other devices [See 10 CSR 8.140(7)(L)].

5.6.13 Arc Flash

Provisions for an arc flash hazard analysis and detmination of the flash protection boundary distane
and type of PPE to reduce exposure to major electral hazards in accordance with NFPA 70Etandard
for Electrical Safety in the Workplace (2018 Edition), as approved and published August 22017.This
standard is incorporated by reference in this ruleas published by National Fire Protection Associatin®,
1 Batterymarch Park, Quincy, MA 02169-7471. This rie does not incorporate any subsequent
amendments or additions [See 10 CSR 8.140(7)(M)].

5.6.14 Confined Space Entry

Provisions for confined space entry complying witmational industry safety standards [See 10 CSR
8.140(7)(N)].

5.6.15 Adequate Vector Control

Provisions for adequate vector control.

5.7 Chemical Handling

Many chemicals used in wastewater treatment caxtstemely hazardous when not stored, handled,exd us
properly. Facility personnel should be thoroughéirted and knowledgeable regarding each speciématal
handling, housing, and application.
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5.7.1 General

Containment materials. The materials utilized for storage, piping, valvespumping, metering, splash
guards, etc., shall be specially selected considegithe physical and chemical characteristics of ehc
hazardous or corrosive chemical [See 10 CSR 8.140(®)1.].

Secondary containmentSecondary containment is designed to contain pitled product from the primary
containers or precipitation from the operationaltatnment area and secondary containment arelador t
amount of time needed for proper cleanup and reago$econdary containment shall be designed as follows
[See 10 CSR 8.140(8)(A)2.]:

e A minimum volume of one hundred twenty-five percent{125%) of the volume of the largest
storage container located within the containment aga plus the space occupied by any other tanks
located within the containment area when not proteed from precipitation.

* A minimum volume of one hundred ten percent (110%pf the volume of the largest storage
container located within the containment area plushe space occupied by any other tanks located
within the containment area when protected from preipitation.

* No discharge outlet or gravity drain through the wdl or floor of the containment structure.

» Construct the walls and floors of the secondary cdainment structure of suitable material that is
compatible with the specifications of the product bing stored.

Liquid polymer. Liquid polymer should be similatpntained as in subsection 5.7.1, Secondary con&ihto
reduce areas with slippery floors, especially wtgxt travel ways. Non-slip floor surfaces are dgse in
polymer-handling areas.

Incompatible chemicals. Make provisions to preveabmpatible chemicals (i.e., strong oxidants and
reductants) from intermixing during routine treatrneperations.

Splash guards All pumps or feeders for hazardous or corrosive chmicals shall have guards which will
effectively prevent spray of chemicals into spacecoupied by facility personnel [See 10 CSR
8.140(8)(A)3.].The splash guards are in addition to guards tegmtanjury from moving or rotating machinery
parts.

Piping, labeling, and coupling guard locations.

» All piping containing or transporting corrosive or hazardous chemicals shall be identified with
labels every ten feet (10') and with at least tw@] labels in each room, closet, or pipe chase [SEe
CSR 8.140(8)(A)4.A.]Color-coding may also be used, but is not an adecubstitute for labeling.
Refer to subsection 5.3.5 for paint color schemes.

» All connections (flanged or other type), except thee adjacent to storage or feeder areas, shall have
guards which will direct any leakage away from spage occupied by facility personnel [See 10 CSR
8.140(8)(A)4.B.].Pipes containing hazardous or corrosive chemgtadsild not be located above
shoulder level except where continuous drip calbectrays and coupling guards will eliminate
chemical spray or dripping onto facility personnel.

Alarm system. Facilities shall be providedfor automatic shutdown of pumps and sounding of alans
when failure occurs in a pressurized chemical dis@rge line [See 10 CSR 8.140(8)(A)5Refer to
subsection 5.5.3 for alarm systems.
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Dust.

Dust collection equipment shall be provided to pragct facility personnel from dusts injurious to

the lungs or skin and to prevent polymer dust fromsettling on walkways which become slick when
wet [See 10 CSR 8.140(8)(A)6.].

Provide for proper transfer of dry chemicals frampping containers to storage bins or hoppers ah su
a manner to minimize the quantity of dust that reater the room.

Flexibility. Provide flexibility for several opernainal adjustments in chemical feed point locatidremical feed
rates, and for feeding alternate chemical compaunds

5.7.2 Chemical Housing

The following shall be provided to fulfill the particular needs of each chemical housing facility [Sek0
CSR 8.140(8)(B)]:

Provide storage for a minimum of thirty (30) days’supply, unless local suppliers and conditions
indicate that such storage can be reduced withoutnhiting the supply;

Construct the chemical storage room of fire and capsion resistant material,

Equip doors with panic hardware. To prevent unautheized access, doors lock but do not need a
key to exit the locked room using the panic hardwasg;

Provide chemical storage areas with drains, sumpéinished water plumbing, and the hose bibs
and hoses necessary to clean up spills and to wasjuipment;

Construct chemical storage area floors and walls ahaterial that is suitable to the chemicals being
stored and that is capable of being cleaned;

Floor surfaces should be smooth, chemical resistgrdlip resistant, and well drained with three
inches per ten feet (3"/10") minimum slope;

Provide adequate lighting;

The lights and electrical equipment comply with theNEC recommendation based on the chemicals
stored. See subsection 5.5.2;

Chemical containers should be stored in a cool, dryand well-ventilated area;

Design vents from feeders, storage facilities, arefjuipment exhaust to discharge to the outside
atmosphere above grade and remote from air intakes;

Avoid storing chemical containers in direct sunligl;

Maintain storage temperatures between forty degreeand eighty-six degrees Fahrenheit (40-86
°F);

Humidity control may be necessary when storing drichemicals;

Design the storage area with designated areas fofull” and “empty” chemical containers;

Provide storage rooms housing flammable chemicalsit an automatic sprinkler system designed
for four tenths gallons per minute per square foo(0.4 gpm/f£) and a minimum duration of twenty
(20) minutes;

To ensure the safety of facility personnel and theastewater treatment system, store incompatible
chemicals separately. Store any two (2) chemicalsat can react to form a toxic gas in separate
housing facilities;

Properly design and isolate areas intended for stage and handling of chlorine and sulfur dioxide
and other hazardous gases. Refer to sections 10ridal0.2 for chlorine and dechlorination;
Properly design an isolated fireproof storage areand explosion proof electrical outlets, lights,
and motors for all powdered activated carbon storag and handling areas in accordance with

federal, state, and local requirements;
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5.7.3

Vent acid storage tanks to the outside atmospherbut not through vents in common with day
tanks;

Keep concentrated acid solutions or dry powder inlosed, acid-resistant shipping containers or
storage units; and

Do not handle concentrated liquid acids in open vesls, but pump in undiluted form from the
original container to the point of treatment or toa covered storage tank.

Chemical Handling Design

The design is expected to provide for safe andiefft unloading, storage, transfer, and use of atem
consistent with appropriate codes considering tgdehemicals, compatibility, and the amount of dilang
necessaryThe following shall be provided, where applicablefor the design of chemical handling[See 10

CSR 8

.140(8)(C)]:

Make provisions for measuring quantities of chemicls used for treatment or to prepare feed

solutions over the range of design application rage

Select storage tanks, piping, and equipment for ligid chemicals specific to the chemicals;

Install all liquid chemical mixing and feed installations on corrosion resistant pedestals;

Provide sufficient capacity of solution storage oday tanks feeding directly for twenty-four (24)-

hour operation at design average flow;

Provide a minimum of two (2) chemical feeders forantinuous operability. Provide a standby unit

or combination of units of sufficient capacity to eplace the largest unit out-of-service;

Chemical feeders shall [See 10 CSR 20-8.140(8)(¢}6

» Design the chemical feed equipment to meet the maxiim dosage requirements for the design
average flow conditions;

= Able to supply, at all times, the necessary amountf chemicals at an accurate rate throughout
the range of feed;

» Provide proportioning of chemical feed to the rateof flow where the flow rate is not constant;

= Design chemical feeders to be readily accessible &grvicing, repair and observation;

» Protect the entire feeder system against freezing;

= Locate the feeder system reasonably adjacent to p$ of application to minimize length of
feed lines;

= Provide for both automatic and manual operation forchemical feed control systems;

= Consider automatic chemical dose or residual analgzs and, where provided, include alarms
for critical values and recording charts;

» Provide screens and valves on the chemical feed pprauction lines; and

= Provide an air break or anti-siphon device where tlk chemical solution enters the water
stream;

Dry chemical feed system shall [See 10 CSR 20-8.(8)0C)7.]—

= Equip each dry chemical feeder with a dissolver wish is capable of providing a minimum
retention period of five (5)-minute at the maximumfeed rate;

= Polyelectrolyte feed installations should be equipgd with two (2) solution vessels and transfer
piping for solution makeup and daily operation;

= Design the makeup tanks with an eductor funnel orther appropriate arrangement for
wetting the polymer during the preparation of the $ock feed solution;

» Provide adequate mixing by means of a large diamatdow-speed mixer;

» Make provisions to measure the dry chemical volumeitally or gravimetrically; and

81



D RA FT Wastewater Treatniemtilities S

= Completely enclose chemicals and prevent emissiohdust;

» For phosphorus removal, give consideration to systes including pumps and piping that will feed
either iron or aluminum compounds to provide flexillity;

» Provide for uniform strength of solution consistentwith the nature of the chemical solution for
solution tank dosing;

» Diaphragm or piston type positive displacement typaolution feed pumps are not acceptable to
feed chemical slurries;

* Provide continuous agitation to maintain slurries n suspension;

* Provide a minimum of two (2) flocculation tanks orchannels having a combined detention period
of twenty to thirty (20 — 30) minutes. Provide indpendent controls for each tank or channel;

* Insulate pipelines carrying soda ash at concentrains greater than twenty percent (20%) solution
to prevent crystallization; and

« Do not store bagged soda ash in a damp or humid pie.

5.7.4 Chemical Safety

Provide the following in this subsection in additio to the safety provisions in section 5.6:

PPE. The following items of PPE shall be availablend utilized for all operations or procedures where
their use will minimize injury hazard to facility p ersonnel [See 10 CSR 8.140(8)(D)1.]:

« Self-contained breathing apparatus recommended foprotection against chlorine and other

hazardous fumes;

» Chemical worker’s goggles or other suitable gogglgsafety glasses are insufficient);

* Face masks or shields for use over goggles;

* Dust mask to protect the lungs in dry chemical ares

* Rubber gloves;

* Rubber aprons with leg straps; and

* Rubber boots (leather and wool clothing should bewided near caustics).

Eye wash fountains and safety showers. Eye wash faains and safety showers utilizing potable water
shall be provided in the laboratory andon each floor level or work location involving hazedous or
corrosive chemical storage, mixing (or slaking), paping, metering, or transportation unloading. The
design of eye wash fountains and safety showers #haclude the following [See 10 CSR 8.140(8)(D)2.]

* Supply eye wash fountains with water of moderate taperature, fifty degrees to ninety degrees
Fahrenheit (50° — 90°F), suitable to provide fiftee to thirty (15 — 30) minutes of continuous
irrigation of the eyes;

* Supply emergency showers capable of discharging twy gallons per minute (20 gpm) of water of
moderate temperature, fifty degrees to ninety degmees Fahrenheit (50° — 90°F), and at pressures of
thirty to fifty pounds per square inch (30 — 50 psi;

» Locate eye wash fountains and emergency showers more than twenty-five feet (25" from points
of hazardous chemical exposure; and

« Eye wash fountains and showers are to be fully opable during all weather conditions.

Warning signs. Warning signs requiring use of gogegls shall be located near chemical stations, pumps,
and other points of frequent hazard See 10 CSR 8.a8)(D)3.].
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5.7.5 Chemical Container Identification

The identification and hazard warning data includedon shipping containers, when received, shall appea
on all containers (regardless of size or type) usdd store, carry, or use a hazardous substance [S&@
CSR 8.140(8)(E)].

Wastewater and solids sample containers shouldd&guately labeledrigure 5-1, is an example of a suitable
label to identify a wastewater sample as a hazardobstance:

RAW WASTEWATER
Sample point No.
Contains Harmful Bacteria.
May contain hazardous or toxic material.
Do not drink or swallow.
Avoid contact with openings or breaks in the skin.

Figure 5-1. Sample text for a raw wastewater label.

5.8 Laboratory Facilities

Give careful consideration to the design of labmmatacilities needed for the operational contribéach
wastewater treatment facility.

5.8.1 General

Include a laboratory for all wastewater treatmeueilities making the necessary analytical detertiona and
operating control tests, except in individual dikbi@as where operational testing is minimal or ne¢ded and
self-monitoring analyses are limited to in-situtites (e.g., pH, dissolved oxygen, chlorine, etc.).

5.8.2 Design

Design the laboratory with sufficient size, benplaae, ventilation, equipment, and supplies to perfall on-
site self-monitoring analytical work to be monitdnender the provisions of the operating permit, tnd
perform the process control tests necessary fod geemagement of each treatment process includi in
design.

5.8.3 Flexibility

The laboratory size and arrangement should becgerifly flexible and adaptable.

5.9 Pump and Haul

Pump and haul systems are not to be used in litnaditional on-site wastewater treatment facHitoe
connection to a centralized collection system deerand maintained by one (1) of the continuindnaxities
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listed in 10 CSR 20-6.010(3)(B). The Department meView and approve pump and haul systems one cas
by-case basis. Pump and haul systems are not aofonastewater treatment. Therefore, preventiothef
discharge of raw wastewater to any waters of thi stnd to protect public health is necessary.

59.1 General

Accessibility. Conform to Chapter 5, Access Road & 10 CSR 20-8.140(9)(A)1.].

Security. Provide access hatches and electrical controllpanith locks.Refer to subsection 5.6.1 for fencing
[See 10 CSR 20-8.140(9)(A)2.].

Buoyancy. Where high groundwater conditions aregatted, consider buoyancy of the piping and waater
structures and, if necessary, make adequate poogi$or buoyancy protection.

Protection of water supplies. Provide the separatimand crossing of water supplies in accordance with
Chapter 5, Minimum Separation Distances and subseon 2.8 [See 10 CSR 20-8.140(9)(A)3.].

5.9.2 Septic Tank Design

Conform to section 9.1 for septic tank design. Inddition, the septic tank design shall provide a mimum
of thirty (30) days detention time [See 10 CSR 20:B40(9)(B)].

5.9.3 Earthen Basin Design

Refer to Chapter 11 for earthen basin design [Sed)ICSR 20-8.140(9)(C)].

5.9.4 Controls

Water level control sensing device should be lat#&beprevent undue affects from turbulent flowseeing the
septic tank or earthen basin. Water level consbtsuld be accessible without entering the seprik tat
earthen basin.

5.9.5 Alarm System

The alarm shall be activated in cases of high watdevels. Refer to subsection 5.5.3 for alarm systeniSee
10 CSR 8.140(9)(D)].
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Chapter 6: Preliminary Treatment

Preliminary Treatment Device. All wastewater treatrrent facilities must have a screening device,
comminutor, or septic tank for the purpose of remoing debris and nuisance materials from the influent
wastewater [See 10 CSR 8.150(2)].

Fats, Oils, and Grease. Proper wastewater treatiaahty design includes provisions for removiragd, oils,
and grease (FOG) from the wastewater.

Electrical. Refer to subsection 5.5.2.

6.1 Screening Devices

6.1.1 General

Design.

» Flow distribution. Design entrance channels to mlewequal and uniform distribution of flow to the
screening devices.

* Flow measurement. Select flow measurement devaregliability and accuracy. Consider the effect of
changes in backwater elevation due to intermittégdning of screening devices in locations of flow
measurement equipment. See subsection 5.5.9 ragdlov measurement devices.

« Freeze protection. Mechanically cleaned screeningedlices and screening storage areas shall be
protected from freezing [See 10 CSR 8.150(3)(A)1.].

» Corrosion resistance. Select screening devicesedatbd structures designed to resist the effdds o
corrosive environment, including long-term exposiaréydrogen sulfide.

» Unit Isolation. Provisions shall be made for isolahg or removing screening devices from their
location for servicing [See 10 CSR 20-8.150(3)(A)2See subsection 5.3.2 unit isolation for more
information.

Screenings removal and disposal.

« Provide a convenient and adequate means for regaenreenings. When designing a screening device
with the working surface of the screen locatediisa more than four feet (4') deep, provide mechanic
hoisting or lifting equipment capable of liftingalscreenings to ground level without facility pensel
entry.

* Provide equipment for handling, storage, and digbaofsscreenings in a sanitary manner with provisio
to minimize vector attraction. It is unacceptaldedturn grindings and screenings to the wastewater
flow.

* Where manually cleaned screening devices are usgdde an accessible platform from which facility
personnel may rake screenings easily and safadyid®r suitable drainage facilities for both the
platform and the screenings storage area.

» Provide impervious, non-slip, working surfaces vattequate drainage for screening handling areas.

« Design areas related to the transfer and trangportaf screenings in a manner that protects agéies
loss of these materials.

» Dispose of screenings at a frequency that preveatgion of a nuisance. Odor control facilities may
also be warranted.

86



DRAFT Preinary Treatmen 6

Servicing.
* When hosing equipment is used, refer to subsebtivd for wastewater treatment facility water

supplies.

Access. Consider providing stairway access forestng devices located in pits more than four fégtdeep.
Access ladders are acceptable for pits less tharféet (4') deep, in lieu of stairways.

Ventilation. Refer to subsection 5.6.10.

Safety.
» Railings and gratings.
= Manually cleaned screen channels shall be protectdary guard railings and deck gratings, with
adequate provisions for removal or opening to fadiate raking [See 10 CSR
8.150(3)(A)3.A.(1)].
= Mechanically cleaned screen channels shall be prated by guard railings and deck gratings.
Give consideration to temporary access arrangements facilitate maintenance and repair
[See 10 CSR 8.150(3)(A)3.A.(11)].
= Also refer to subsection 5.5.7 stairways, railirysl walkways for more information.
* Mechanical devices.
= Mechanical screening equipment shall have adequatemoval enclosures to protect facility
personnel against accidental contact with moving pts and to prevent dripping in multi-level
installations [See 10 CSR 8.150(3)(A)3.B.(1)].
= A positive means of locking out each mechanical diee shall be provided [See 10 CSR
8.150(3)(A)3.B.(IN].
= An emergency stop button with an automatic reverséunction shall be located in close
proximity to the mechanical device [See 10 CSR 8.08)(A)3.B.(ll1)].
» Lighting. Provide suitable lighting in all work amdcess areas.

Electrical equipment and control systems.

» Timing devices. For all mechanical units that grerated by timing devices, provide auxiliary colgro
that will set the cleaning mechanism in operatiba preset high water elevation. If the cleaning
mechanism fails to lower the high water, a warrshguld be signaled.

» Electrical equipment, fixtures, and controls. ReéeChapter 6, Electrical for screening areas.

* Manual override. Provide a manual override formalomatic controls.

6.1.2 Coarse Screens

Coarse screens provide protection for downstreampguand other equipment.

Bar spacing.
e Manually cleaned. Clear openings between bars dhmutwo inches (2") or less for manually cleaned

screens.
e Mechanically cleaned. Maximum clear openings shbeldne and three-fourths inches (1 3/4")

Slope. Manually cleaned screesi®uld be placed on a slope of thirty to forty-fodegrees (30°-45°) from the
horizontal.
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Velocities. At design average flow conditions, agwh velocities of no less than one and one-quisdtiper
second (1.25 ft/s) prevents settling; and no grehta three feet per second (3.0 ft/s) to pref@wcing
material through the openings.

Channels.
« Manually cleaned screen. Provide a single chammmeddch manually cleaned screen.
* Mechanically cleaned screen. For facilities withctremically cleaned screens, provide dual channels
and equighem with the necessary gates to isolate flow famy screening unit.
» Dewatering. Make provisions to facilitate dewatgreach channel.
» Channel design. Design the shape of the channe¢girey and following the screen to eliminate
stranding and settling of solids.

Auxiliary screens.
* Where a single mechanically cleaned screen is edide an auxiliary manually cleaned screen.
Consider provisions for future installation of @@ed mechanically cleaned screen.
« Where two (2) or more mechanically cleaned screemse used, the design shall provide for taking
any unit out-of-service without sacrificing the cability to handle the design peak instantaneous
flow [See 10 CSR 8.150(3)(B)].

Invert. The screen channel invert should be thoesxt inches (3" — 6") below the invert of the inting sewer.
To prevent jetting action, provide the adequatgtlemnd geometry of the channel to reestablislinyikeaulic
flow pattern following the drop in elevation.

6.1.3 Fine Screens

General.

* Fine screens, as discussed in this subsection,deaeopenings of one sixteenth to one quartdr inc
(1/16" — 1/4"™). The amount of material removed imgfscreens is dependent on the waste stream being
treated and screen opening size.

* Fine screens should not be considered equivalgrirt@ary settling. However, fine screens may baluse
in lieu of primary settling where subsequent treaitrunits are designed on the basis of anticipated
screen performance. Selection of screen capadadiyidltonsider flow restriction due to retained @gli
adhesive materials, frequency of cleaning, andn¢xtecleaning. Where fine screens are used, censid
additional provisions for the removal of FOG.

* Provide hosing equipment to facilitate cleaningfeRé subsection 5.5.4 for wastewater treatment
facility water supplies.

Design.
* When used, a minimum of two (2) fine screens shdie provided; with each unit being capable of

independent operation. Capacity shall be providedd treat design peak instantaneous flow with
the largest unit out-of-service [See 10 CSR 8.150(3)].

* Fine screens should be preceded by a coarse suyedavice.

* Equip moving or rotating fine screens with a clegnilevice, such as water jets or wiper blades.

* Automatically convey the screenings to a storagea ar processing unit with provisions to minimize
vector attraction.

* Meet the manufacturer’'s recommendations with resjpeeelocity and head loss through the fine
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screen.

Organic removal credit. Any BOand suspended solids reduction percentage cldionedfine screen are to
be developed through a pilot study conducted omahétll-scale operation of the proposed fine soraethe
design maximum day flow and design maximum day miggmadings. Pilot testing for an extended time is
preferred to cover seasonal operational variatiBeser to section 1.4 for pilot testing.
* The BOD reduction percentage claimed must not exceed/ifiue percent (35%).
* A wastewater treatment facility claiming an orgar@duction credit should include a minimum of two
(2) fine screen units so that any organic reduatiairmed will be met with the largest fine screent-o
of-service.

6.1.4 Microscreens

Wastewater treatment facilities proposing microsesefor preliminary treatment are subject to ev@uaa on a
case-by-case basis. Refer to section 12.4.

Microscreens have clear openings of less than alieneter (1 mm).

Locate microscreens downstream of grit removalggent and protect them with a coarse screeningeati
a minimum.

6.2 Comminutors

Comminutors cut and shred stringy materials andseosolids into smaller sizes approximately onetgu#o
three quarter inches (0.25" - 0.75").

6.2.1 General

Provisions for location and safety shall be in acedance with screening devices, subsection 6.1.2 §E0
CSR 8.150(4)].

6.2.2 When Used

Comminutors may be used in lieu of screening devicgrotect equipment where stringy substance
accumulation on downstream equipment will not Iseilastantial problem.

6.2.3 Design Considerations

Location.
* Locate comminutors downstream of grit removal emuépt and protect with a coarse screening device.
* When a comminutor is not preceded by grit remogai@ment, protect it with a six inch (6") deep
gravel trap.

89



DRAFT Preinary Treatmen 6

Size. Design the comminutor capacity to adequdtahdle the design peak hourly flow.

Installation.

* At a minimum, provide an auxiliary coarse, manualaned screened channel. The use of the auxiliary
screened channel should be automatic for all comtoirfailures and at depths of flow exceeding the
design capacity for the comminutor.

* Provide gates in accordance with subsection 6ahannels and subsection 6.1.2, Auxiliary screens.

Servicing. Make provisions to facilitate serviciagits in place and to remove units from their lamafor
servicing.

Electrical controls and motors. Refer to ChapteEléctrical for electrical equipment in comminutbrambers.
Protect motors against accidental submergence.

6.3 Grit Removal Facilities

6.3.1 General

Wastewater treatment facilities using membrane biogactors for secondary treatment, anaerobic
digestion, and facilities receiving wastewater froneither combined sewers or from sewer systems
receiving substantial amounts of grit must have gtiremoval facilities [See 10 CSR 8.150(5)].

Provide grit removal facilities for all mechanicehstewater treatment facilities. When a wastewta¢atment
facility serving a separate sewer system is dedigvithout grit removal facilities, consider inclundy
provisions for future installation. Give considévatto possible damaging effects on pumps, comramnsuand
other equipment, and the need for additional sepacity in treatment units where grit is likedy
accumulate.

6.3.2 Location

General. Locate grit removal facilities ahead ainps and comminuting devices. Place coarse screening
devices ahead of grit removal facilities.

Housed facilities.
e Ventilation. Refer to subsection 5.6.10. Odor colnfcilities may also be warranted.
» Access. Provide adequate stairway access to alvdyedaw grade facilities. Refer to subsection 6.1.1
Access.
« Electrical. Refer to Chapter 6, Electrical for exsgd grit removal areas. Provide explosion proef ga
detectors in accordance with subsection 5.6.8.

Outside facilities. Protect grit removal facilitiexated outside from freezing.

6.3.3 Size

Size grit removal facilities with fixed capacity tieat the design peak hourly flow.
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6.3.4 Number of Units

Wastewater treatment facilities treating wastemftmmbined sewers should have at least two (2) amechlly
cleaned grit removal units, with provisions fortusblation.

A single manually cleaned or mechanically cleangtdcamber with provisions for unit isolation iscaptable
for wastewater treatment facilities with a desigerage flow of less than one (1) million gallons gday
serving separate sanitary sewer systems.

Wastewater treatment facilities with a design agerfow of one (1) million gallons per day or grraserving

separate sanitary sewers should have at leastlpneeChanically cleaned unit with provisions fortun
isolation.

6.3.5 Grit Chamber Types

For facilities other than channel-type, adequatkflexible controls for velocity and/or air supplgvices, grit
collection, and removal equipment.

Channel-type grit chambers.
» Design the channel for a velocity range of eigitite to one and three-tenths (0.8 — 1.3) feet georsd
at design average flow.
* Minimize turbulence and provide uniform velocityrass the channel.
» Size the channel to accommodate the grit remou@petent capacity and grit storage.

Aerated grit chambers.
» Design aerated grit chambers to have adjustablatais in the range of three to eight (3 — 8) cidyt
per minute per foot of tank length.
* Provide a detention time in the tank of three ¥e i3 — 5) minutes at design peak hourly flows.
* Locate the grit hopper under an air diffuser.

Mechanical grit chambers.
» Design a maximum velocity of one (1) foot per setahdesign average flow.
* Include a grit hopper in each channel with a gnhoval mechanism.
* Include inlet baffles to prevent short-circuiting.
* Provide grit removal by one (1) of the following cha@nisms:
» Reciprocating rake;
= Screw conveyor; or
= Air lift pump.

Cyclonic grit chambers.
e Design cyclonic grit chambers to prevent inlet-tdglet short-circuiting.
* Include an adjustable apex with a quick disconaesembly to remove any oversized object.
* Provide a minimum detention time one (1) minutthatdesign average flow.
» Design the flow velocity range to one to two (1) f&et per second at design average flow.
» Install screening devices upstream of a cyclonicojlamber.
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Vortex grit chamber.

» Design inlet channels to include a straight lengtbrder to deliver smooth flow into the vortextgri
chamber. Design the length of the inlet channdaat least seven (7) times the width or fifteet fe
(15"), whichever is greater.

* Provide a minimum detention time of thirty (30) seds at the design average flow.

* Design a minimum inlet velocity of two (2) feet pacond at peak flow.

* Provide a propeller with a variable speed drivegerate the unit based upon the flow.

* Maintain a constant elevation in the outlet channel

» Provide air or water scour to loosen compactedagit facilitate the grit lifting and removal fromet
chamber.

6.3.6 Design Factors

General. Design the effectiveness of a grit remeyatem commensurate with the requirements of the
subsequent process units.

Detention. Base the detention period on the sizedicle to be removed.

Aerated grit removal. All aerated grit removal faigs should be provided with adequate controlidey to
regulate air supply and agitation.

Pumped grit removal. Select pumps specificallygiesil to handle grit.

Grit washing. Determine the need for grit washiagdd on the method of grit handling and final désho

Grit piping. Install cleanouts on grit piping tacfitate maintenance. Quick removable fittings dddae
installed at all changes in alignment on grit pgpin

Dewatering. Make provisions for isolating and deaxiaity each unit. Provide for complete draining and
cleaning by means of a sloped bottom equipped avithain sump.

Water. Provide an adequate supply of water undesspire for cleanup. Refer to subsection 5.5.4 for
wastewater treatment facility water supplies.

6.3.7 Grit Handling and Disposal

Provide for grit handling and disposal in accordawith subsection 6.1.1, Screenings removal anubda.

6.3.8 Safety

Refer to subsection 6.1.1, Safety.

6.4 Preaeration

Preaeration of wastewater can reduce sept®#tyarate grease, promote uniform distribution bfisaluring
92



DRAFT Preinary Treatmen 6

settling, or function as an odor control measure.

6.4.1 Servicing

Design preaeration unit operations so that remfgal service will not interfere with normal downsam
operation of the remainder of the treatment facilit

6.4.2 Inlet and Outlet

Design inlet and outlet devices to ensure prop&ridution and help prevent solids deposition, whil
minimizing any hydraulic short circuiting effects.

6.4.3 Aeration

The aeration equipment should be capable of obigiipoth adequate mixing and self-cleaning velosiwghin
the basin.

6.5 Diurnal Flow Equalization

6.5.1 General

Consider the use of diurnal flow equalization toe following:

* Where significant variations in organic and hydmaldadings are expected, where the design maximum
day to the design average is greater than threeeéd3:1). See also subsection 5.2.5, Flow equaliza

* At all wastewater treatment facility receiving siggant industrial waste. A diurnal flow equalizai
basin could isolate a shock loading from an indaistacility prior to adverse impacts on the wasaésv
treatment facility’s processes and effluent quality

» At all wastewater treatment facilities utilizingreet weather flow equalization basin; or

* Ahead of sequencing batch reactors or other mechidmatch discharging treatment facilities. See als
section 9.6.

6.5.2 Location

Locate diurnal flow equalization basins downstredrreliminary treatment components such as sangeni
devices, comminutors, and grit removal facilities.

6.5.3 Type

Diurnal flow equalization can be provided by ussgparate basins or on-line treatment units, suckei@dion
tanks.

Diurnal flow equalization basins may be designediteer in-line or side-line units.

When a wastewater treatment facility has an adkoal of fifty percent (50%) or less of the desigresage
flow, unused treatment units, such as settlingeoatéon tanks, may be utilized as diurnal flow digadion
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basins.

6.5.4 Size

Size diurnal flow equalization basin capacity tteefively reduce expected flow and load variatiomghe
extent deemed to be economically advantageous. &\dthrnal flow pattern, the volume to achievedesired
degree of equalization can be determined from autatiae flow plot over the representative twentyf@g24)-
hour period.

6.5.5 Operation

Mixing and aeration. To facilitate operations:

* Provide aeration or mechanical equipment to mairddiequate mixing;

* Provide corner fillets and hopper bottoms with diaf¥g to alleviate the accumulation of sludge and
grit;

* Maintain a minimum of one milligram per liter (In@y/l) of dissolved oxygen in the mixed basin
contents at all times;

* When used, supply a minimum of one and one quéki2b) cubic feet per minute of air per one
thousand (1,000) gallons of storage capacity; and

» Isolate the air supply from other treatment fagiéieration requirements to facilitate process amrat
control although process air supply equipment may be atlias a source of standby aeration.

Controls. Equip inlets and outlets for all basimg@artments with accessible external valves, stafep) weirs,
or other devices to permit flow control and the osad of an individual unit from service. Providengans to
measure and indicate liquid levels and flow ra¢ewing the basin.

For pumped flow to a diurnal flow equalization lmasiontrol the effluent from the basin by meana @bw-
regulating device capable of maintaining a flovertitat allows downstream process units to opegate a
designed.

For pumped flow from a diurnal flow equalizatiorsbg utilize a variable-speed pump or multiple psrmp
deliver a constant flow to downstream treatmentsuni

6.5.6 Construction Materials

See section 11.3 when earthen basin constructissleésted.

6.5.7 Number of Basins

Diurnal flow equalization basins with a storageam@fy exceeding twenty thousand (20,000) gallormsikhbe
constructed as compartmentalized or as multiplenbas

6.5.8 Electrical

Refer to Chapter 6, Electrical for housed diurt@aifequalization basins.
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6.5.9 Access

Provide suitable access to facilitate cleaningraathtenance of equipment.

6.6 Wet Weather Flow Equalization

6.6.1 General

Consider the use of wet weather flow equalizatanrtlie following:
* Where significant variations in organic and hydmaldadings are anticipated,;
« Where the wet weather flow is greater than thevdegther design peaking factor of the wastewater
treatment facility serving separate sanitary sesystems. Refer to subsection 1.Equation 1-1;
» At all wastewater treatment facilities treating veasfrom combined sewers; or
* At all seasonal wastewater treatment facilities.

6.6.2 Basin Type

For gravity inlet systems, provide flow splitting@automated flow diversion devices to divert exdésss to
the basin(s).

For pumped systems, install control valves or wsahted pumps to handle and divert wet weather titothe
basin.

Depending on the elevation of the basin, it mapassible to return the flow to the head of the easter
treatment facility by gravity. If not, include ihé design a dedicated pump return system.

6.6.3 Design

The design of basins entails a thorough evaluatfamet weather flow patterns and volumes. Itemise¢o
considered are basin geometry, construction médeserage capacity, and operational controls.

6.6.4 Construction Materials

See section 11.3 when earthen basin constructissleésted.

6.6.5 Basin Layout

For storage of five (5) million gallons or more s basins to have a minimum of two (2) compartisien
designed to operate in series. Divert all flow twaain where solids can settle and, at a predatedrelevation,
overflow to additional basins.

A single basin equipped with an impervious lineadéseptable where the storage capacity is lessfitra(b)
million gallons. If utilizing an existing earthem&in for flow equalization or for storage, baresttthe seal to
verify the seal still meets the requirements ofseation 11.3.3.
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6.6.6 Storage Capacity

Design minimum storage to contain the anticipatexkss flow during the largest seven (7)-day wetthera
period in ten (10) years, with the capability todmeptied in a timely manner. Use actual flow dbatsed on no
less than one (1) year of influent flow data, tealep flow balance or mass diagrams for determiiagjn
capacity. Base the frequency and duration of stanmfgeld data and weather service records.

6.6.7 Pumps and Flow Control Methods

Return excess flows retained by a wet weather @qualization basin to the head of the wastewatatrrent
facility in a timely manner during off-peak period®ontrols are necessary to regulate flow to theweather
flow equalization basin and return flow.

Provide adequate controls with measuring devicelviert all flow in excess of the wastewater treaiitn
facility’s hydraulic capacity to the basin.

Make provisions and controls to return the basimeots to the head of the wastewater treatmeriitjeafter
the wet weather event has passed and influentriédduvned to normal.

Return flow may be manual or automatic, but incladficient flow measurement and instrumentatiovicks
to determine the actual return flow to the heathefwastewater treatment facility.

Where basin return flow is automatic, design thetr@ equipment to limit the combination of infludiow
plus the basin return flow to the hydraulic capaoitthe wastewater treatment facility.

6.7 Grease Interceptors

6.7.1 Where Applicable

Grease interceptors shall be provided on kitchen dhin lines from institutions, hospitals, hotels,
restaurants, schools, bars, cafeterias, clubs, amdher establishments from which relatively large
amounts of grease may be discharged to a wastewatezatment facility owned by the grease producing
entity [See 10 CSR 8.150(6)(A)].

6.7.2 Waste Streams

Design grease interceptors to receive only theenstseams from grease-producing fixtures. Sanitaste
streams, garbage grinder waste streams, and o#fs¢e wtreams which do not include grease should be
excluded from passing through the grease intercgpto

6.7.3 Size

Design grease interceptors with a minimum volumatdéast one hundred twenty-five (125) gallongher
calculated capacity frofaquation 6-1, or local requirement whichever is highest. Previdenty-five percent
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(25%) of the grease interceptor volume for freebb@ard ventilation.
Equation 6-1. Grease interceptor volume.

V=(MxGxD)/IC)x 1.25
Where:

V = Grease interceptor volume (gallons)

M = Number of meals per day;

G = Grease production (lbs grease/meal) fii@ile 6-1;

D = Days per pump-out cycle, minimum of 30 days] an

C = Conversion factor of 7.2 Ibs grease equalslbmgaf grease.

Table 6-1. Grease Production.

No Flatware With Flatware

Grease Output Example Entities (Ibs grease/meal) (Ibs grease/meal

Sandwich shop,
convenience store, bar,
Low delicatessen, snack bar, 0.005 0.0065
ice cream parlor, hotel
breakfast bar

Coffee house, café, pizzg
grocery store (no fryer),
cafeteria (no food prep),
Greek, Indian, Japanese,
Korean, Thai, low grease
output entity with fryer
Cafeteria, family
restaurant, fast food, bar
High and grill, bakery, Italian, 0.035 0.0455
German, buffet, grocery
store (with fryer)

Steak house, seafood,
Very High Mexican, Chinese, fried 0.058 0.075
chicken, barbecue

Medium 0.025 0.0325

6.7.4 Location

Locate grease interceptors outdoors, in sight@fthucture it is serving, and as close to theifed being
served as possible. Bury grease interceptors withss risers at or above grade with considerati@ndo
accessibility for future maintenance and removaaumulated grease.

6.7.5 Construction Materials

Grease interceptors are typically constructed fronfiberglass reinforced polyester, high density
polyethylene (HDPE), or concrete. Refer to ASTM F240 — 14Standard Specification for Corrugated High
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Density Polyethylene (HDPE) Grease I nterceptor Tanks, as approved and published September 1, 2014, for
corrugated HDPE grease interceptors and ASTM C1613 17 Standard Specification for Precast Concrete
Grease | nterceptor Tanks, as approved and published September 1, 2017, fprecast concrete grease
interceptors. These standards are incorporated byeaference in this rule, as published by ASTM
International, 100 Barr Harbor Drive, P.O. Box C70Q West Conshohocken, PA 19428-2959. This rule
does not incorporate any subsequent amendments odditions [See 10 CSR 20-8.150(6)(B)].

All pipes and appurtenances within a grease inpgocare to be corrosion resistant. For metal carepts,
provide austenitic stainless steel of type 3160zF & a minimum. Nylon is degraded by hydrogenidalland is
not acceptable.

Avoid contact between dissimilar metals or makeepgirovisions to minimize galvanic action.

6.7.6 Watertight

Provide watertight grease interceptors.

6.7.7 Access

Provide a minimum access diameter of twenty-foahas (24") for access to all chambers of the grease
interceptor. Provide bolt-down cover assemblie®cked covers.

6.7.8 Baffles

Design grease interceptors with baffles.

6.7.9 Corrosion Protection

Provide corrosion protection on the interior of grease interceptor. All pipes within a greaseradptor are to
be corrosion resistant.

6.7.10 Inlet and Outlet

Design the inlet to minimize turbulence and to ebtdow the normal water level. Design the outtetitaw
from near the bottom of the grease interceptaretaove as much FOG as possible.

6.7.11 Cleanouts

Install a cleanout on the influent and dischargeng of the grease interceptor.

6.8 Septage

Septage is normally considered treatable at a waste treatment facility. However, unless prop@nping
and design is provided, septage may representck $beding or have other adverse impacts on thétjes
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processes and effluent quality. Septage usuatjyite high in organics, grease, scum, grit, soka&l other
extraneous debris.

6.7.1 General

Collect information regarding the characteristi€the local septage to be received for design pfagge
receiving and treatment systems. The charactevisfiseptage often vary widely from load to loageteling
on the source.

6.7.2 Design

Include the following elements for the design ad Heptage receiving station at the wastewatemtieyet
facility:

* A hard surface haul truck unloading ramp sloped tlvain to allow ready cleaning of any spillage and
washing of the haul tank, connector hoses, ariddggt Design the ramp to drain to treatment fagilit
but exclude excessive stormwater;

» A flexible hose fitting with easy connect couplittgprovide for direct connection from the haul kuc
outlet to minimize spillage and help control odors;

« Washdown water with ample pressure, hose, and syfmzglte for convenient cleaning of the septage
receiving station and haul trucks. Refer to subbsed.5.4 for wastewater treatment facility water
supplies;

« An adequate off-line septage receiving tank desidogrovide complete draining and cleaning by
means of a sloped bottom equipped with a drain s@nge consideration to adequate mixing for
testing, uniformity of septage strength, chemichlition (if necessary), for treatability, and odor
control. Provide the capability to collect a regmsitive sample of any truck load of waste accefuted
discharge at the facility. Facility personnel ardnaive authority to prevent and stop any dispdslis
likely to cause an effluent violation;

» Screening, grit, and grease removal of the se@aggpropriate to protect the treatment units;

* Pumps for handling the variabilities of septagde@enonclogging pumps capable of passing three (3)
inch diameter solids;

» Valving and piping for operational flexibility tdlaw the control of the flow rate and point of segé
discharge to the facility;

« Safety features to protect the facility personRelfer to section 5.6; and

» Laboratory and staffing capability to determine sleptage strength and toxicity to the treatment
processes and provisions for operation reportsdiide the wastewater treatment facility load
attributed to septage. Refer to section 5.8.

6.9 Leachate

6.9.1 General

Collect data of the leachate to be received foigtlesf the wastewater treatment facility. Leachagaally is
quite high in organics, nutrients, and metals.
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Leachate shall not be accepted by wastewater treatmt facilities with subsurface soil dispersal systes
[See 10 CSR 8.150(7)].

Lagoon facilities proposing acceptance of leachagesubject to review on a case-by-case basistd®ie low

frequency of solids removal from the lagoon, heangtals and other toxic organics may accumulate mgaki
final solids disposal or reuse difficult.

6.9.2 Design

Refer to subsection 6.8.2.
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Chapter 7: Settling

Number of Units. Multiple settling units capable ofindependent operation are desirable and shall be
provided in all wastewater treatment facilities whee design flows exceed one hundred thousand (100000
gallons per day. Wastewater treatment facilities vihout multiple settling units shall be designed to
include other provisions to assure continuity of teatment [See 10 CSR 8.160(2)(A)The design should
consider provisions for future installation of §ag units.

Flow Distribution. Effective flow splitting devices and control appurenances (i.e., gates, splitter boxes,
etc.) shall be provided to permit proper proportioning of flow and solids loading to each settling uhi
throughout the expected range of flows [See 10 CSR160(2)(B)].Refer to subsection 5.2.9.

Chemical Addition. When utilizing chemical addititmincrease solids settleability, refer to secti@b.

7.1 Design

7.1.1 Dimensions

The minimum length of flow from inlet to outlet alid be ten feet (10) unless special provisions@ade to
prevent shortircuiting.

Design the vertical side water depths to providadequate separation zone between the sludge bkam#é¢he
overflow weirs.The minimum side water depth shall be as follows iffable 7-1 [See 10 CSR 20-
8.160(3)(A)]:

Table 7-1. Minimum Side Water Depth.

Minimum Side Water Depth *
Type of Settling Tank (ft)
Primary 10
Final following activated sludge
process’ 12
Final following attached growth
biological reactor 2 10

! Side water depths greater than twelve feet (1@l be considered to provide additional solids
storage during wet weather operations and thetyabdalideal with changes in solids loadings during
transitions from normal operations to wet weatlmgrations and back.

2 Greater side water depths are recommended fdrsfiatting tanks in excess of four thousand square
feet (4,000 fi) surface area (i.e., equivalent to seventy fe@) (lameter).

7.1.2 Surface Overflow Rates

Primary settling tanks. Primary settling tank sizing should reflect thgde of solids removal needed and the
need to avoid septic conditions during low flowipds. Base the overflow rates on the design aveiageor
design peak hourly flow, whichever is greatéalculate the surface overflow rates for both desigaverage
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flow and design peak hourly flow fromTable 7-2; the larger area shall determine the size of theettling
tank [See 10 CSR 20-8.160(3)(B)1.]:

Table 7-2. Maximum Primary Settling Tank Surface Overflow Rates.

Surface Overflow Rates at:"
Type of Primary Settling Tank | Design Average Flow| Design Peak Hourly Flow
(gpd/ft?) (gpd/ft?)
Tar_1ks not receiving waste 1,000 2.000 — 3.000
activated sludge®
Tanks receiving waste activated 700 1,200 — 1,700
sludge

! Calculate surface overflow rates with all flows reeived at the settling tanksPrimary settling of
normal domestic wastewater can be expected to rempproximately one-third of the influent BOD
when operating at an overflow rate of one thousgailbns per day per square foot (1,000 gpy/ft

2 Anticipated BOD removal should be determined typtatory tests and should consider the character
of the wastes. Significant reduction in BOD remosfdiciency will result when the peak hourly
overflow rate exceeds one thousand five hundredmgper day per square foot (1,500 gpyl/ft

Intermediate settling tanks. Surface overflow rétesntermediate settling tanks following seriests of fixed
film reactor processes should not exceed one timoudze hundred gallons per day per square fo&0(Q,
gpd/ff) based on the design peak hourly flow. Surfacdirsgrates higher than one thousand five hundred
gallons per day per square foot (1,500 gpdifased on the design peak hourly flow may be peechif such
rates are shown to have no adverse effects ongudasetreatment units.

Final settling tanks- pilot test. Conduct settling tests wherever a statly of biological treatment is warranted
by unusual waste characteristics, treatment reqpangs, or where proposed loadings go beyond theslsat
forth in this rule. Refer to section 1.4 for pitesting requirements.

Final settling tanks — attached growth biological eactors. Surface overflow rates for settling tanks
following attached growth biological reactors shalhot exceed one thousand two hundred gallons per ga
per square foot (1,200 gpd/f) based on the design peak hourly flow [See 10 C$R-8.160(3)(B)2.].

Final settling tanks — activated sludgeDesign activated sludge settling tanks for thickgrand solids
separation. Since the rate of recirculation ofmretludge from the final settling tanks to the &eraor
reaeration tanks is quite high in activated slugigeesses, the surface and weir overflow ratesld e
adjustable for the various processes to minimiegotloblems with sludge loadings, density currentst
hydraulic turbulence, and sludge settleability. 8t size of the settling tank on the larger efstrface areas
determined for surface overflow rate based on #dsegth peak hourly flow and solids loading ratke

following design criteria in Table 7-3 shall not be exceeded [See 10 CSR 20-8.160(3)(B)3.

Table 7-3. Maximum Activated Sludge Final Settling Tank Rates.

Surface Overflow Rate at Peak Solids
Design Peak Hourly Flow' | Loading Rate?
Treatment Process (gpd/ft?) (Ib/day/ft?)
With (_jlurnal ;Iow 1,000 35
equalization
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Without diurnal flow
equalization®
Conventional,

Step Aeration,

Complete Mix,

Contact Stabilization,
Carbonaceous Stage of
Separate Stage Nitrification
Extended Aeration

Single Stage Nitrification 1,000 35
Multi-Stage Nitrification 800 35
Activated Sludge with
Chemical addition to Mixed
Liquor for Phosphorus
Removal

150 x Peaking Factof 35

1,200° 40

900° 35

! Based on influent flow only.

2 Calculate the peak solids loading rate based onetdesign maximum day flow rate plus the
design maximum return sludge rate requirement andftie design mixed liquor suspended solids
under aeration.

3 Applicable to wastewater treatment facilities witha design average flow of less than one hundred
thousand gallons per day (100,000 gpd).

* Refer to subsection 1.1.Zquation 1-1 to determine the peaking factor.

® Wastewater treatment facilities needing to meet tanty milligrams per liter (20 mg/L) suspended
solids or less should reduce the surface overflovate to one thousand gallons per day per square
foot (1,000 gpd/ff).

7.1.3 Inlet Structures

Inlets and baffling shoulde designed to dissipate the inlet velocity, taritiate the flow equally, both
horizontally and vertically, and to prevent shortugiting.

Consider providing flocculation zones for finaltiag tanks.

Design channels to maintain a velocity of at leas foot (1') per second at one-half (1/2) thegteaverage
flow.

Eliminate corner pockets and dead endlse corner fillets or channeling where necessary.
Provide methods for elimination or removal of fiogtmaterials that may accumulate in inlet strugsur

7.1.4 \Weirs

General. Overflow weirs shall be readily adjustableover the life of the structure to correct for
differential settlement of the tank [See 10 CSR 28:160(3)(C)1.].
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Location. Locate overflow weirs to optimize acthgtraulic detention time, and minimize short citing.
Where used, place peripheral weirs at least ong(19ofrom the wall.

Design rates. The following weir loadings imable 7-4 shall not be exceeded [See 10 CSR 20-
8.160(3)(C)2.]:

Table 7-4. Maximum Weir Loading Rates.

Average Wastewater Treatment Loading Rate at Design
Facility Capacity (million gallons per Peak Hourly Flow
day or MGD) (gpd/If)

Less than 0.1 10,000

0.1 through 1.0 20,000
Greater than 1.0 30,000

Pumping. Design the pumps to be capable of opgrasrcontinuously as possible. Also, weir loadistgsuld
be related to pump delivery rates to avoid shodudging.

Weir troughs. Design weir troughs to prevent sulymece at design peak hourly flow and to maintain a
velocity of at least one foot (1) per second a-balf (1/2) design average flow.

7.1.5 Submerged Surfaces

The tops of troughs, beapand similar submerged construction elements shoave a minimum slope of one
and four-tenths vertical to one horizontal (1.4:1).

The underside of the tops of troughs, beams, andnsilar submerged construction elements shall have a

minimum slope of one vertical to one horizontal (1) to prevent the accumulation of scum and solidsSge
10 CSR 20-8.160(3)(D)].

7.1.6 Unit Dewatering

Conform to the provisions outlined in subsectiah 3.

Provide for distribution of the facility flow to ghremaining settling units for the unit isolatiogstyn. Refer to
subsection 5.3.3.

7.1.7 Freeboard

Walls of settling tanks shall extend at least sixiches (6") above the surrounding ground surface and
shall provide not less than twelve inches (12") dfeeboard [See 10 CSR 20-8.160(3)(E)].

Additional freeboard or windbreak may be necestaprotect against freezing, wind-blown spray, tankface
waves, or to provide effective scum removal.
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7.2 Sludge and Scum Removal

7.2.1 Scum Removal

Provide effective surface scum collection, remogal] disposal equipment, including baffling, fdrsattling
tanks. The characteristics of scum that may adiyeastect pumping, piping, sludge handling and disgl
should be recognized in design. Scum that is rechcaenot be returned.

7.2.2 Sludge Removal

Design mechanical sludge collection and withdrda@ilities to assure rapid removal of the sludgect®n
withdrawal should be provided for activated sluéamlities with settling tanks over sixty feet (501 diameter,
especially for activated sludge facilities that designed to nitrify. Provide independent sludgéndrawal
lines for each settling tank to ensure adequate@oof sludge wasting rates for each tank.

Settling floor. The minimum slope of the settling bor shall be one vertical to twelve horizontal (1t2)
[See 10 CSR 20-8.160(4)(A)].

Sludge hopper.

* The minimum slope of the sludge hopper side wall$all be 1.7vertical to one horizontal (1.7:1)
(i.e., sixty degrees (60°) above the horizontal)¢8 10 CSR 20-8.160(4)(B)].

» Hopper wall surfaces should be made smooth withaed corners to aid in sludge removal.

* Hopper bottomshould be twice the size of the sludge removal dipmeter.

e Sludge hoppers with extra depth for sludge thiakgmire not acceptable.

* When used, dual sludge hoppers shall provide a mimum water depth of two feet (2') over the
junction of sixty degrees (60°) walls between hoppe[See 10 CSR 20-8.160(4)(B)].

Cross-collectors. Cross-collectors serving one(Ihore settling tanks may be useful in place oftiple
sludge hoppers.

Sludge removal pipeline.
* Provide each sludge hopper with an individuallyedl sludge withdrawal line. FolloWable 7-5 for the
minimum sludge withdrawal line:

Table 7-5. Minimum Sudge Withdrawal Line Szes

Type of Withdrawal Line Pipe Diameter (in)
Gravity 6
Pump Suction 4
Air Lift 3

Design the static head available for withdrawatlatige as thirty inches (30") or greater as necgssa

maintain a two-foot (2') per second velocity in thiéhdrawal pipe.

* Provide sufficient clearance between the end ofnitiedrawal line and the hopper walls to prevent
“bridging” of the sludge.

* Make adequate provisions for rodding or back-flaghindividual pipe runs.

Provide piping to return sludge for further procegsRefer to subsection 8.4.2
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Sludge removal control. Separate settling tankgaduohes may drain to a common sludge well. Prosgiddge
wells equipped with telescoping valves or otherrappate equipment for viewing, sampling, and coltitig
the rate of sludge withdrawal. Provide a means edisuring the sludge removal rate. Air-lift sludgeoval is
not appropriate for the removal of primary sludges.

7.3 Protective and Service Facllities

7.3.1 Operator Protection

Safety features shall appropriately include maching covers, life lines, all stairways and walkways #h
handrails, and slip resistant surfaces. Also, refeto section 5.6 [See 10 CSR 20-8.160(5)(A)].

7.3.2 Mechanical Maintenance Access

The design shalprovide for convenient and safe access to routineamtenance items such as gear boxes,
scum removal mechanism, baffles, weirs, inlet stiig baffle areas, and effluent channels [See 10 CSR-
8.160(5)(B)].

7.3.3 Hosing Equipment

Provide hosing equipment for routine flushing ofle&yand walkways at all facilities. Where water glyps not
available, a pump with hose connection may be URetkr to subsection 5.5.4 for wastewater treatrizamility
water supplies.

7.3.4 Electrical Equipment, Fixtures, and Contrés

For electrical equipment, fixtures, and controls inenclosed settling basins and scum tanks, where
hazardous concentrations of flammable gases or vapgomay accumulate, refer to subsection 5.5.2. The
fixtures and controls shall be located so as to pwide convenient and safe access for operation and
maintenance [See 10 CSR 20-8.160(5)(CHrovide adequate area lighting.

7.4 High-Rate and Chemically Enhanced Settling

High-rate and chemically enhanced settling uniésesmaluated on a case-by-case basis. Design stisndar
operating data, and experience for this procesaa@reell established. Therefore, design of thestsshould
be based upon experience at similar full scalailaions or thoroughly documented prototype tegtiith the
particular wastewater. Refer to section 1.4 footdiesting requirements.
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Chapters 8: Solids Handing and Disposal

Design all mechanical wastewater treatment fagditvith equipment for processing and handling sdfida
form suitable for ultimate disposal or beneficialise.

Base the selection of solids handling unit procgssea minimum, upon the following considerations:

* Local land use;

* System energy usage;

» Cost effectiveness of solids thickening and deviager

* Equipment complexity and staffing needs;

« Adverse effects of heavy metals and other soligdspmnents upon the unit processes;

» Sludge digestion or stabilization processes, inolydppropriate pathogen and vector attraction
reduction;

» Side stream or return flow treatment processes, @ggster or solids storage facilities supernatan
dewatering unit filtrate, wet oxidation return fleyy

e Solids storage volume;

e Methods of ultimate disposal; and

» Back-up techniques of solids handling and disposal.

Industrial Wastes. Consider the type and effects of industrial waste industrial residuals have on the
treatment process. It may be necessary to preteastrial dischargesndustrial wastes and industrial
residuals shall not be discharged to land applicatn system without a beneficial use assessment oéth
effects the substances may have upon the vegetat@md soils in accordance with state and federal lasv
[See 10 CSR 20-8.170(2)(A)].

Sludge Production. Determine the expected amousiudfye produced or wasted from the wastewater
treatment processes usihgple 8-1. Following treatment of the sludge, the amountasidme of solids
produced will decrease. Include the amount of sadixpbected based on the solids treatment technokgyy;
sections 8.2 and 8.3for solids quantity from anbierand aerobic digestion.

Table 8-1: Typical Physical Characteristics and Quantities of Sudge Produced Based on Wastewater
Treatment Technology

. . . Sludge Produced
Treatment Process Specific Gravity of | Dry Solids Range (Ibs/100( (Dry Ton per Population
Sludge gallons) X
Equivalent)
Primary Sedimentation 14 0.9-14 0.014
Aerated Lagoon 1.30 0.7-1.0 0.015
Activated Sludge 1.25 0.6-0.8 0.028
Extended Aeration 1.30 0.7-1.0 0.021
Trickling Filter 1.45 0.5-0.8 0.028
Suspended Growth 1.2 0.1-0.25 0.021
Denitrification
Filtration* 1.2 0.1-0.2
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Chemical addition to
primary tanks for 1.9-2.2 2.0-7.0
phosphorus removalf

* When chemical addition or filtration utilized,gldry solids amount will be added to the treatment
process value.

Odor Control. Consider flexibility of operationscaohanges of influent sludge characteristics inddggn of
odor control.

Safety. Refer to section 5.6.

Chemical Handling, Safety, and ldentification. Seetion 5.7.

Division of Environmental Quality Permitting Regtims. A complete construction permit applicationludes
documentation that the appropriate permits hava bpplied for with the Air Pollution Program andthe
Solid Waste Program for solids handling and treatrpeocesses.

8.1 Sludge Thickeners

Consider sludge thickeners to reduce the volunstuofge. When designing thickeners (gravity, dissodlsir
flotation, centrifuge and others), consider thestgnd concentration of sludge, the sludge stabiiza
processes, the method of ultimate solids dispokainical needs, and the cost of operation. Givecpiéar
attention to the pumping and piping of the conaett solids and possible onset of anaerobic camditi
Centrifuges are discussed in section 8.5 of thes ru

8.1.1 General

The use of gravity thickening tanks for unstabiiztudges is not recommended unless provisionsade for
adequate control of process operational problerddors at the gravity thickener and any followumgt
processes.

Provide adequate capacity to meet peak demands ithickener. Design thickeners to prevent septautring
the thickening process.

Provide duplicate thickeners or alternate storagdlow the thickening process to continue withadigstuption
with one unit out of service.

Provide a means of continuous return of supernésamteatment. Consider provisions for side-stream
treatment of supernatant.

Consider any potential treatment advantages olatdimen the blending of sludges from various treatme
processes.

Install mechanical picket arms.

Design the drive mechanism to provide:
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» Sufficient torque capacity to handle the maximuiidsaconcentration and blanket thickness anticighate
and
* A high torque alarm and overload device.

Use corrosion resistant metallic components inigrakickeners.

8.1.2 Gravity Systems

Secondary clarifiers or gravity thickeners suffitig sized for clarification provide solids thickeg. However,
the use of mechanical stirring devices significantiproves the performance of gravity thickenergckfanical
thickeners employ low speed stirring mechanismgdmtinuous mixing and flocculation within the zavfe
solids concentration.

Base the design of gravity thickeners on the foiimwy
 Primary sludge solids loading of twenty to thirtyumds per day per square foot (20-30 Ibs/d3y4ind
» Combined primary and waste activated sludge loadiritye to fourteen pounds per day per square foot
(5-14 Ibs/day/ff).

Conventional overflow rates for gravity thickenshsuld be in the range of four hundred to eightdned
gallons per day per square foot (400-800gpdffaclude the basis for the surface loading rates.

The minimum side water depth for conventional graviy thickeners shall be ten feet (10’) [See 10 CSR2
8.170(3)].

Consider bottom slope greater than one and onarwdés per radial foot (1.5"/ft) for circular tlkieners.

Provide for solids storage in the gravity solidskkner, if sufficient storage is unavailable witlather
external tankage. Provide a means to control apdstthe solids withdrawal from gravity thickenessch as
variable speed pumps.

Provide bottom scraping equipment to enhance satit®val. The scraper mechanism peripheral velaeity
range from fifteen to twenty feet per minute raff@-20 ft/min).
» Design the scraper mechanical train to be capdhatiostanding extra heavy torque loads. The normal
working torque load should not exceed ten percEdi4) of the rated torque load.
* Provide a method to correct blockage of the scraprhanism and restore operation from a stalled
position.

Base alternative designs on data obtained fronoagiudy in accordance with Chapter 5.

Evaluate chemical addition and dilution water fegstems for use to optimize performance.
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8.1.3 Dissolved Air Flotation

Equip dissolved air flotation (DAF) basins with twoh scrapers to remove settled solids and surlaoersers
to remove the floatables established through rele&pressurized air into the sludge inflow. Thétdo
scraper should function independently of the s@fddmmer mechanism. Enclose dissolved air flotatinits
in a building. Provide a positive air ventilatioystem and odor control.

Conventional design parameters include:
« Maximum hydraulic loading rate of two gallons peinate per square foot of surface area (2 gal/min/sq
ft.).
* A solids loading rate in the range of 0.4 to 1.Qmubs per hour per square foot of surface arear(afh
ft.) without chemical addition. A solids loadingeaof up to 2.5 Ibs/hr/sg. ft. may be used if ajppiate
chemical addition is provided.
* An air supply to sludge solids weight ratio in taage of 0.02 to 0.04.

The recycle ratio can range from thirty percerrie hundred fifty percent (30-150%). If potable @vas not
available, the recycle pressurization system shotilide DAF effluent or secondary effluent. Desitpe
retention tank system for a minimum pressure di/fpounds per square inch (40 psig).

Provide a polymer feed system.

Design a multiple or variable speed skimmer sudo aflow normal operation in the less than one for
minute (1 fpm) range, with the capability of a sp@ecrease to twenty-five feet per minute (25 fpm).

8.1.4 Mechanical Solids Thickening

Gravity belt, rotary drum, dissolved air flotati@strew presses, and centrifuges are acceptahhecichanical
thickening of primary, secondary, and combined gasd

Provide a means of chemically conditioning priontechanical thickening.
Size mechanical thickeners to be capable of protwpdse maximum weekly sludge produced in undetythi
five (35) hours, unless the equipment is designdabtoperated unmanned. If the facility operatek miultiple

shifts or is constantly manned, include that openal information and processing schedule.

When a period of unmanned operation is anticipated normal operating condition, provide approgriat
instrumentation and fail safe monitoring and alarms

Where duplicate units are not provided, providegadée sludge storage facilities to store sludgeéhemperiod
of time anticipated for repairs to be made if tiegvdtering device is taken out of service for repair

8.2 Anaerobic Solids Digestion

8.2.1 General
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Configuration. Consider facilities for solids stgesand supernatant separation in an additional dejtending
on raw sludge concentration and disposal methadsolads and supernatant.

Depth. For those units proposed to serve as supatrseparation tanks, the depth should be suffi¢eeallow
for the formation of a reasonable depth of supamtdiquor.

* A minimum sidewater depth of twenty feet (20")esoammended.

* Provide for a minimum of six feet (6’) storage defur supernatant liquor.

Maintenance provisions.To facilitate draining, cleaning and maintenarthe,following features are
recommended:

» Slope. The tank bottom should slope to drain towhedwithdrawal pipe. For tanks equipped with a
suction mechanism for withdrawal of solids, a battslope of one to twelve (1:12) or greater is
recommended. Where the solids are to be removegladwty alone, one to four (1:4) slope is
recommended.

» Access manholes. Provide at least two (2) thirkyisth (36") diameter access manholes in the tdpef
tank in addition to the gas dome. Provide stairnayaccess manholes. Provide a separate sidewall
manhole that is located and sized to facilitateus® of mechanical equipment to remove grit and.san
The side wall access manhole may be buried indhen bank insulation.

« Safety. Nonsparking tools, safety lights, rubber-ded shoes, safety harness, gas detectors for
inflammable and toxic gases, and at least two (2¢l$-contained breathing units shall be provided
for emergency use [See 10 CSR 20-8.170(4)(A)1.].

» Toxic Materials. Anaerobic digestion is not reconmahed if wastewater analysis shows the presence of
undesirable materials, such as high concentratibsslfates, heavy metals, or other compounds that
may inhibit digestion.

* Provide each digester with a means for transfemipgrtion of its contents to other digesters. Pesi
multiple digester facilities with means for returgisupernatant from the settling digester units to
appropriate points for treatment.

Alarms shall be installed to warn of [See 10 CSR 28.170(4)(A)2.]:
* Any drop of the liquid level below minimum operating elevation; and
* Low pressure in the space above the liquid level.

Consider automatic shutdown controls to preventpgent failure.

8.2.2 Solids Production

Base the design solids handling and disposal cypacia maximum solids concentration of five petd&fo)
without additional thickening.

Base the dry weight solids production values orfellewing for the listed processes:
* Primary plus waste activated sludge of at leasz h/PE/day; and
* Primary plus fixed film sludge - at least 0.09 | &/@ay.

Volatile suspended solids loading should not exagexlhundred pounds per one thousand cubic feelgyer
(100 1b/1,000 #/ day).
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8.2.3 Solids Inlets, Outlets, and High Level Enngency Overflow

Provide multiple solids inlets and draw-offs andhene used, multiple recirculation suction and dasgh points
to facilitate flexible operation and effective mgi of the digester contents unless adequate mexanixing
is provided within the digester.

Inlet Configurations. One inlet should discharge\abthe liquid level and be located at approxinyatiet
center of the tank to assist in scum breakup. Eoersd inlet should be opposite of the suction éihe
approximately the two-thirds (2/3) diameter poiatass the digester.

Inlet Discharge Location. Raw sludge inlet disclegpgints should be so located as to minimize shatiting
to the digested solids or supernatant draw-offs.

Solids Withdrawal. Withdraw solids from the bottaithe tank. The bottom withdrawal pipe should be
interconnected with the necessary valving to tlegaelation piping to increase operational flexiyilwhen
mixing the tank contents.

Emergency Overflow. An unvalved vented overflow sHabe provided to prevent damage to the digestion
tank and cover in case of accidental overfilling [8e 10 CSR 20-8.170(4)(B)Pipe this emergency overflow
back to the treatment process or side stream tegdtfacility.

8.2.4 Tank Capacity

Standard Desigr-he minimum tank capacity for domestic or municiyaktewater should
* Have forty to fifty percent (40%-50%) volatile meatin the digested solids;
* Have the ability to remove digested solids freqyemm the process; and
» Have a digestion temperature maintained at nine¢yeegrees Fahrenheit (95°F) for fifteen (15) daye
minimum days of detention may need extended toelopgriods for periods for solids stabilized wittiie
primary digester to achieve pathogen control amtovettraction reduction.
The design of anaerobic systems can be completeigenmoderately mixed; or multi-stage. The design
parameters for each digestion system are providehb

» Completely-mixed systems. For well mixed digestisystems, the system may be loaded at a rate up to

eighty pounds of volatile solids per one thousamuicfeet of volume per day (80 Ibs/lOO@’di) orata

volumetric loading that provides fifteen (15) daysmore detention time in the active digestiorunoé

in the active digestion unit€onsider grit accumulation, when determining trgedter volume.

= Confined mixing systems include arrangements whaseor solids flows are directed through
vertical channels; and mechanical stirring, or pungystems. Ensure complete turnover of
digestion volume every thirty (30) minutes in ertibenfined mixing or unconfined continuously
discharging gas mixing systems. For tanks ovey $edt (60’) in diameter, use multiple mixing
devices.

» Use the number of discharge points and gas flogsrattiown for the various tank diameters as listed

in this section for design of the unconfined, sediadly discharging gas mixing systems.
=  Supply a minimum gas flow of fifteen cubic feet pa@nute per thousand cubic feet (15

ft3/min/1000 ft?') of digestion volume. Use flow measuring deviced torottling valves to provide
the minimum gas flow.
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* Moderately-mixed systems. For digestion systemsevhexing is accomplished only by circulating
solids through an external heat exchanger, thesystay be loaded at a rate up to forty pounds of

volatile solids per one thousand cubic feet of wodyper day40 Ibs/1000 f@/d) or at a volumetric rate
that provides not less than a thirty (30) day dbdertimein the active digestion units. This loading may
be modified depending upon the degree of mixingiplex. Include provisions for mixing scum. Where
actual data is not available, use the following gapacities for facilities treating domestic wasiéer:

= Primary facility— 3 f8/PE heated or 43PE unheated
= Primary and standard rate filter facility— BPE heated or 5HPE unheated

= Primary and high rate filter facility— 43PE heated or 5.5HPE unheated

* Multistage Systems. For digestion systems utilizimg stages (primary and secondary units), the firs
stage (primary) may be either completely mixed oderately mixed and loaded in accordance with
completely or moderately mixed systems. Desigrst#end stage (secondary) unit for solids storage,
concentration and gas collection with no creditdolids digestion volume.

* Provide Digester Mixing Facilities for mixing thégdster contents where necessary for proper dagesti
by reason of loading rates or other features osffs¢em. Where solids recirculation pumps are fsed
mixing, provide in accordance with this subsection.

For cases in which the composition of sludge tdilgester has been established, compute the tgestibn
tank capacity based upon such factors as:
* Volume of sludge added;
* The percent solids and character;
* The temperature to be maintained in the digesters;
* The degree or extent of mixing to be obtained,;
e The degree of volatile solids reduction;
e The solids retention time at peak loadings;
* Method of solids disposal;
« The size of the installation with appropriate allowes for gas, scum, supernatant, and digestets soli
storage; and
» Excluding the volume of secondary digesters of stage series digestion systems which are utiliaed f
digested solids storage and concentration.

8.2.5 Gas Collection, Piping, and Appurtenances

General. Design all portions of the gas systemudiog the space above the tank liquor, storagéitfas and
piping, so that under all normal operating condisioincluding solids withdrawal, the gas will beimained
under positive pressure. Adequately ventilate ratl@sed areas where any gas leakage might occur.

Safety equipment. Where gas is produced, all necesg safety facilities shall [See 10 CSR 20-
8.170(4)(C)1.]:
* Provide pressure and vacuum relief valves and flamiaps, together with automatic safety shutoff
valves and protect from freezing;
« Not install water seal equipment; and
* House gas safety equipment and gas compressors isgparate room with an exterior entrance.
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Gas piping and condensateDesign gas piping with a diameter of four inch&$ ¢r greater. A smaller
diameter pipe at the gas production meter is aabént

» Slope gas piping to condensate traps at low points.

* Do not use float-controlled condensate traps.

* Protect condensation traps from freezing.

» Provide tightly fitted self-closing doors at contieg passageways and tunnels that connect digestion
facilities to other facilitiesninimize the spread of gas.

» Piping galleries shall be ventilated in accordanceith subsection 8.2.5, Ventilation [See 10 CSR 20-
8.170(4)(C)2.].

« Equip gas piping lines for anaerobic digesters witised type indicating gauges, which typicallydrea
directly in inches of water. Provide three gauges® to measure the main line pressure; a second to
measure the pressure to gas-utilization equipnaemwtithe third to measure pressure to waste burners.

* Provide gas tight shut-off and vent cocks. Extdrevent piping outside the building, and provide a
screen for the opening and design to prevent thraree of rainwater.

» Protect all piping of the manometer system witlesaéquipment.
« Design gas piping to maintain digester gas velesikess than twelve feet per second (12 fps).

Gas utilization equipment. Locate gas-fired boifersheating digesters in a separate room not aterdédo the
digester gallery. The separated room would notnardly be classified as hazardous location. Desigtable
flame traps on the gas lines to these units.

Electrical fixtures, equipment, and controls. Electical fixtures, equipment, and controls shall compy

with the National Electrical Manufacturers Associaion (NEMA) 4X enclosure rating where necessary.
Electrical equipment, fixtures, and controls, in paces enclosing and adjacent to anaerobic digestive
appurtenances where hazardous gases are normallyrtained in the tanks and/or piping shall comply

with the National Electrical Manufacturers Associaion (NEMA) 4X enclosure rating where necessary
[See 10 CSR 20-8.170(4)(C)3.]solate digester galleries from normal operatirepa to avoid an extension of
the hazardous location in accordance with subgseétid.4, Ventilation.

Waste gas.

« Location. Waste gas burners should be readily addesand located at least fifty feet (50") awagyrir
any facility structure if placed at ground leveloay be located on the roof of the control building
sufficiently removed from the tank. Locate waste garners at a sufficient height to prevent injiary
personnel due to wind or downdraft conditions.

» Gas Burners. Equip all waste gas burners with aatiargnition, such as pilot light or a device ugsen
photoelectric cell sensor. Consider the use ofrahtur propane gas to insure reliability of theoplight.
In remote locations it may be permissible to disghdhe gas to the atmosphere through a return-bend
screened vent terminating at least ten feet (b@yathe ground surface, provided that the assembly
incorporates a flame trap and is in compliance waitlapplicable Missouri air regulations.

Ventilation. Any underground enclosures connectingvith digestion tanks or containing solids or gas
piping or equipment shall be provided with forced entilation for dry wells in accordance with subsegbn
4.1.7 and 4.1.7, Size [See 10 CSR 20-8.170(4)(C)4.]
* The piping gallery for digesters should not be @mted to other passages. Where used, tightlydittin
provide self-closing doors at connecting passagswaay tunnels to minimize the spread of gas.
* The ventilation shall be at least twelve (12) comete air changes per hour for Class I, Division 2,
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Group D locations including enclosed areas withowd gas tight partition from the digestion tank
or areas containing gas compressors, sediment trapdrip traps, gas scrubbers, or pressure
regulating and control valves, if continuous [See@CSR 20-8.170(4)(C)4.B.].

Meter. Provide a gas meter with bypass to metaf production for each active digestion unit. Dedige gas
meters specifically for contact with corrosive ahidy gases. Use orifice plate, turbine, or vomesters.
Positive displacement meters should not be utilized

e Total gas production for two-stage digestion systeperated in series may be measured by a single ga

meter with proper interconnected gas piping.

* Where multiple primary digestion units are utiliagdh a single secondary digestion unit, providgaa
meter for each primary digestion unit.

* The secondary digestion unit may be interconnewitddthe gas measurement unit of one of the
primary units.

* Properly valve interconnected gas piping with ggisttigate valves to allow measurement of gas
production from either digestion unit and mainteseaaf either digestion unit.

8.2.6 Digester Heating

Insulation. Wherever possible digestion tanks sthéel constructed above groundwater level and haldyi
insulated to minimize heat loss.

Heating facilities. Sludge may be heated by cirto¢athe sludge through external heaters or byihgainits
located inside the digestion tank.

» External heating. Design piping to provide for greheating of feed sludge before introduction ® th
digesters. Make provisions in the layout of thenmpand valving to facilitate heat exchanger tube
removal and cleaning of these lines. Size heatangdr sludge piping adequately. Heat exchangers
should have a heating capacity of one hundredytpatcent (130%) of the peak heating capacity to
account for the occurrence of sludge tube fouling.

» Other heating methods.

» Hot water heating coils affixed to the walls of ttigester or other types of internal heating
equipment should not be used, especially if empgtive digester contents is necessary for repair.

= Other systems and devices have been developedlyeteprovide both mixing and heating of
anaerobic digester contents. These systems wih\lhewed on their own merits; see Chapter 5.
Submit operating data detailing their reliabilibgeration, and maintenance characteristics.

Heating capacity. Considering insulation provisiangl ambient cold weather conditions, provide sigfit
heating capacity to consistently maintain the desigdge temperature.
* Where digester tank gas is used for sludge heginogjde an auxiliary fuel supply.
» The design operating temperature should be inahge of 85°F to 100°F where optimum mesophilic
digestion is utilized.
« Consider the provision of standby heating capamitthe use of multiple units sized to provide the
necessary heating, unless acceptable alternatisasya# handling raw sludge are provided for the
extended period that a digestion process outagpepisrienced due to heat loss.

Hot water internal heating controls.

» Mixing valves. Provide a suitable automatic mixirave to temper the boiler water with return waer
that the inlet water to the heat jacket can be heldw a temperature at which caking will be
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accentuated. Manual control should also be provimjesuitable bypass valves.

« Boiler controls. Provide the boiler with suitabl&@matic controls to maintain the boiler temperatatr
approximately one hundred eighty degrees Fahre(it#&d °F) to minimize corrosion and to shut off the
main gas supply in the event of pilot burner octleal failure, low boiler water level, low gasgssure,
or excessive boiler water temperature or pressure.

» Boiler Water Pumps. Seal and size boiler water mutapneet the operating conditions of temperature,
operating head, and flow rate. Provide duplicatésun

* Provide thermometers to show inlet and outlet enapires of the solids, hot water feed, hot water
return and boiler water. It is recommended thatcdify have a temperature probe and recordingagevi
to continuously record digester temperature.

» Water Supply. The chemical quality should be chddke suitability for use as a water supply. Reter
subsection 5.5.4 regarding indirect water supplyneations.

« External Heater Operating Controls. Provide alltoala necessary to ensure effective and safe aperat
Consider duplicate units in critical elements.

8.2.7 Biotowers

Reserved.

8.2.8 Supernatant Withdrawal

Where supernatant separation is to be used to otrate solids in the digester units and increagesder solids
retention time, design for ease of operation arsitpe control of supernatant quality.

Piping size. Supernatant piping should be at Igiaghches (6") in diameter.

Withdrawal arrangements.
» Withdrawal levels. Arrange piping so that withdrawal can be made ftbree (3) or more levels in the
digester. Provide a positive pressure, unvalvedeceaverflow.The emergency overflow shall be
piped back to the treatment process or side streatneatment unit [See 10 CSR 20-
8.170(4)(H)2.A.].
« Withdrawal Selection. On fixed cover tanks, theesnptant withdrawal level should be selected by
means of interchangeable extensions at the diseleand) of the piping.
= Supernatant selector. A fixed screen supernatégtttse or similar type device may be used only in
an unmixed secondary digestion unit.

» |f a supernatant selector is provided, locate agtlene (1) other draw-off level in the supernatant
zone of the tank in addition to the unvalved emecgesupernatant draw-off pipe. Provide high
pressure backwash facilities.

Sampling. Provide for sampling at each supernateaw-off level. Sampling pipes should be at leas and
one-half inches (1 1/2") in diameter and termiradta suitably-sized sampling sink or basin.

Alternate supernatant disposal. Design supernatémtn and disposal facilities to alleviate advdrgdraulic
and organic effects on facility operations. Foiilfaes that have nutrient removal (e.g., phosplspammonia
nitrogen), provide a separate supernatant sidarstteeatment system.
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8.2.9 Energy Control

Utilization of digester gas as a heating fuel seuscencouraged whenever practical. Optimize tbdymtion of
methane gas (C4).

Provide sufficient heating capacity to consistentigintain the design temperature necessary falsoli
stabilization. For emergency usage, provide amrate source of fuel and a boiler or other heatcoapable
of using the alternate fuel.

Locate sludge heating devices with open flames e@lgoade in areas separated from locations of gakiption
or storage.
If designing a cogeneration system, include thiefahg parameters:

* Volume of gas produced by digesters;

» Digester gas energy value in British Thermal Up#s cubic foot (BTUs/ﬁ);

* Gas composition;

e Gas storage capability; and

» Gas pretreatment, including filtration.

8.3 Aerobic Solids Digestion

8.3.1 General

Aerobic digestion can be used to stabilize primsiidge, secondary sludge or a combination of the tw
Digestion is accomplished in single or multipleksmesigned to provide effective air mixing, redoctof the
organic matter, supernatant separation and sluolggeatration under controlled conditions.

Digestion tanks. Provide multiple digestion unigpable of independent operation in all facilitidsane the

design average flow is equal to or greater thannomelred thousand gallons per day (100,000 gpd). Fo

facilities less than one hundred thousand gall@ngipy (100,000 gpd), a single solids digestiok taay be
used where adequate provision is made for sludgéling.

For an aerobic digester that concentrates wastigeslanly by decanting a digester tank, the maxirsahas
concentration used to determine the total reteritiog is two percent (2.0%) unless supporting data
submitted to increase the solids concentratioroufree percent (3.0%).

Equip aerobic digesters to control, suppress, moke excessive foam. Consider provisions for thwa and

control of foam outside the structure in the ewadrfailure of equipment, seals, pipe penetratiengccess
ports.

8.3.2 Design Solids Production

For determining design solids handling, base sgrdsluction values from aerobic digesters on a mari
solids concentration of two percent (2.0%) withadtlitional thickening. Use the following solids guztion
values on a dry weight basis per population eqaivaior the listed processes:
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» For primary plus waste activated sludge, a mininui.16 Ibs/PE/day
» For primary plus fixed film sludge, a minimum ofL@.Ib/PE/day

Design the digester volume to be greater than 2b#tecdesign average flow of the treatment works.

Mixing and Air Requirements. Design aerobic soliggestion tanks to provide effective mixing. Pravid
sufficient air to keep the solids in suspension m¥aghtain dissolved oxygen between one and two)(fal.

» For adequate mixing and oxygen, provide an air supipat least thirty (30) cfm per one thousand
(1000) cubic feet of tank volume with the largelsiwer out-of-service.

« If diffusers are used, the nonclog type is reconueenand they should be designed to provide
continuity of service.

» If mechanical turbine aerators are utilized, prevad least two turbine aerators per tank for caotijrof
service.

« If mechanical aerators are utilized, provide a munin of 1.0 horsepower per one thousand (1000) cubic
feet Mechanical aerators are not recommended for ugermbic digesters where freezing conditions
will cause ice build-up on the aerator and supgttctures. Include protection against freezing
conditions when using mechanical aerators.

* Base the minimum quantity of oxygen provided on amd one-tenth pounds (2.1 Ibs) of oxygen per
pound of volatile solids destroyed for open tangtegns; or one and half pounds (1.5 Ibs) of oxygam p
pound of volatile solids destroyed for thermoph#igstems.

A reduction in in hydraulic detention time may beem for aerobic digesters designed to be opelatdte
extended aeration mode, or coupled with additistebilization processes, or operated at elevated
temperatures. Provide basis for determining thedyat detention time.

8.3.3 Tank Capacity

Base the determination of tank capacitessuch factors as quantity of sludge producediggcharacteristics,
time of aeration and sludge temperature.

Volatile solids loading. It is recommended that vioéatile suspended solids loading not exceed amelted
pounds per one thousand cubic feet of volume pefH20 1b/1000 f/d) in the digestion units. Lower loading

rates may be necessary depending on temperatpeeotyludge and other factors. Include the vaatdlids
loading rates.

Solids retention time. The minimum solids retentiimme for stabilization of biological sludges vatgpending
on type of sludge. Normally, a minimum of fifteekbj days’ retention should be provided for wasté/ated
sludge and twenty (20) days for combination of pniynand waste activated sludge, or primary sludigeea
Where sludge temperature is lower than fifty degfeghrenheit (50 °F), consider additional detentiioe.

The following digestion tank capacities are based golids concentration of two percent (2.0%) with
supernatant separation performed in a separate tank

» If supernatant separation is performed in the digegank, provide a minimum of twenty-five percent
(25%) additional volume.

* Provide these capacities unless solids thickerangjties are utilized to thicken the feed solids
concentration to greater than two percent (2.0¢®uc¢h thickening is provided, the digestion volsme
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may be decreased proportionally.

» For facilities with waste activated sludge fromragge stage nitrification facility with less thawenty-
four (24) hours detention time based on designameeflow, use the waste activated sludge-no primary
settling volume inTable 8-2 below.

« The volumes imable 8-2 below are based on digester temperatures of 583 &olids retention time
of twenty-seven (27) to sixty (60) days. Cover daraligesters to minimize heat loss for colder
temperature applications. Additional volume or dapgental heat may be necessary if the land
application disposal method is used.

Table 8-2: Minimum Volume per Population Equivalent
Volume/Population

Equivalent (f6/PE)

Sludge Source

Waste activated sludge-no primary settling 4.5
Primary plus waste activated sludge 4.0
Waste activated sludge exclusive of primary 20
sludge
Extended Aeration Activated Sludge 3.0
Primary plus attached growth biological 3.0

reactor sludge

8.3.4 Supernatant Separation

Provide supernatant separation facilities for eifecseparation or decanting of supernatant. Sepéaailities
are recommended; however, supernatant separatipfenaccomplished in the digestion tank if addiion
volume is provided per subsection 8.3.3.

Design the supernatant drawoff unit to preventckrgf scum and grease back to facility procestsuni
Supernatant withdrawal. Design for supernatantdvatval draw off at least six (6) inches below tioeid

surface level after a minimum one-hour settlingguerhowever make provisions to withdraw superniafieom
multiple levels of the supernatant withdrawal zdReturn supernatant to the head of the facility.

8.3.5 Autothermal Thermophilic Aerobic Digestion

Maintain thermophilic digestion temperature betw&28°F and 158°F. Systems may be either single or
multiple stage. Thicken the sludge prior to treattme the digestion tanks. Insulate the digestammks suitably
to minimize heat loss.
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8.3.6 Scum and Grease

Provide removal facilities for the effective collien of scum and grease from the aerobic digesteiirfal
disposal, to prevent its recycle back to the fgcprocess, and to prevent long term accumulatf@hpotential
discharge in the effluent.

8.3.7 Solids Storage

Provide sludge storage in accordance with the slgtigrage subsection of this document to accomraatialty
sludge production volumes and as an operation&bfadr unit outage and adverse weather conditions.
Increased sludge age in the activated sludge syistapt an acceptable means of storage. Base Igjudttje
storage facilities on the following values unleggedted sludge thickening facilities are utilizedptovide
solids concentrations of greater than two perc2ria%).

Table 8-3: Minimum Volume per Population Equivalent per Day

Sludge Source Volume/Population Equivalent #PE/day
Waste activated sludge-no primary settling 0.13
Primary plus waste activated sludge 0.13
Waste activated sludge exclusive of primary sludge 0.06
Extended Aeration Activated Sludge 0.13
Primary plus attached growth biological reactodgk 0.10

8.3.8 High Level Emergency Overflow

An unvalved emergency overflow shall be provided tt will convey digester overflow to the treatment
plant headworks, the aeration process, or to anothdiquid sludge storage facility and that has an arm
for high level conditions [See 10 CSR 20-8.170(5Pesign considerations related to the digesterflover
include waste sludge rate and duration during #regd the facility is unattended, potential effeatsfacility
process units, discharge location of the emergemeyflow, and potential discharge of suspendedisafi the
facility effluent.

8.3.9 Operations and Maintenance Considerations

Provide a sampling line (at least 1.5 inches imgier) with a quick closing valve no more than oo (1 ft)
from the tank bottom.

Provide dissolved oxygen meters to test the digsbbxygen in the digester.
Provide a means to address excessive foaming,asulcbsing equipment and access to water.
Provide a method and equipment to raise the dug#fs to facilitate cleaning and maintenance.

For maintenance, slope the tank bottoms towardahds withdrawal pipe with a slope of at least ¢hefoot
vertical to four (4) foot horizontal.
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8.4 Solids Pumps and Piping

For solids pumping systems, at a minimum audio-visal alarms shall be provided for pump failure, loss
of pressure, and high pressure [See 10 CSR 20-8.16)0.

8.4.1 Solids Pumps

Capacity. Design solids pumping systems with adegcapacity to cover the full range of anticipasetids

concentrations and sludge production rates. Accfaurthe higher friction factors associated witle thipe of
solids being pumped in the operating pressure aad loss. Consider varying pump capacity in thégdes
Provide a rational basis of design.

Duplicate units. Provide duplicate units in alltal&tions.

Type. Provide plunger pumps, screw feed pumpssseceimpeller type centrifugal pumps, progressaxety
pumps or other types of pumps with demonstratadsbblndling capability for handling raw sludge. &k
centrifugal pumps are used, provide a paralleltp@sdisplacement as an alternate to pump heavwyssol
concentrations, such as primary or thickened slutthge may exceed the pumping head of the cenaifug
pump.

Minimum head. Provide a minimum positive head afrity-four inches (24") at the suction side of aéungal
type pumps and is recommended for all types oflsgumps. Maximum suction lifts should not excesd t
feet (10") for plunger pumps.

Sampling facilities. Unless solids sampling famktare otherwise provided, install quick closiagpling
valves at the solids pumps. The size of valve apithg should be at least one and one-half inchésYand
terminate at a suitably sized sampling sink orrfldmain.

8.4.2 Solids Piping

Size and head. Solids withdrawal piping should rew@nimum diameter of eight inches (8") for grgvit
withdrawal and four inches (4”) for pump suctiordatischarge lines. Where withdrawal is by grauity t
available head on the discharge pipe should beaat four feet (4’) greater than the projected Hessl Design
all solids piping systems to provide a velocityabteast two feet per second (2 fps).

M Gravity piping should be laid on uniformdgaand alignment.

The slope of gravity discharge piping should notdss than three percent (3%) for primary sludges a
all solids thickened to greater than two perceft)(2olids.

» Slope on gravity discharge piping should not be tean two percent (2%) for aerobically digested
solids or waste activated sludge with less thanger@ent (2%) solids.

* Provide cleanouts for all gravity solids piping.

* Include provisions for cleaning, draining and fluhdischarge lines.

» Suitably locate or otherwise adequately protecsalilds piping to prevent freezing.

Supports. Special consideration should be givehdaorrosion resistance and continuing stability o
supporting systems located inside the digestiok. tan
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8.5 Solids Dewatering

Provide on-site solids dewatering facilities fdrrakchanical facilities, although the following mlag reduced
with on-site liquid solids storage facilities ompapved off-site solids disposal. For facilitieswhich solids data
Is not available or is likely to change consideyahlnature, documentation of successful perforradnam
multiple facilities handling similar solids undemslar conditions and design criteria may be useddvelop
appropriate design criteria.

8.5.1 Solids Drying Beds

Solids drying beds may be used for dewatering digksted solids from either the anaerobic or aerobi
process. Due to the large volume of solids prodinetthe aerobic digestion process, consider using a
combination of dewatering systems or other meanstiohate solids disposal.

Unit Sizing. Consider the following items in sizitige solids drying bed area:

» The volume of wet solids produced by existing arappsed processes.

» Depth of wet solids drawn to the drying beds. Fesign purposes, utilize a maximum depth of eight
inches (8”). For operational purposes, the deptobils placed on the drying bed may increase or
decrease from the design depth based on the pesaiedg content and type of digestion utilized.

» Total digester volume and other wet solids stofagsities.

» Degree of solids thickening provided after digastio

* The maximum drawing depth of solids which can beaeed from the digester or other solids storage
facilities without causing process or structurallgems.

« The time necessary on the bed to produce a remmeakke. Make adequate provisions or consider
alternative methods for solids dewatering and/tidsalisposal facilities for those periods of time
during which outside drying of solids on beds isdared by weather.

» Capacities of auxiliary dewatering facilities.

Area. In determining the area of solids drying hedsisider the climatic conditions, the charactet wolume

of the solids to be de-watered, the method anddsde®f solids removal and other methods of salidposal.
The sizing of the drying bed may be estimated erbésis of 2.0 ffcapita when the drying bed is the primary
method of de-watering, and 1.6/6apita if it is to be used as a back-up de-wageuinit.

Percolation type. The lower course of gravel aratlvedunderdrains should be properly graded anwvbké
inches (12") in depth, extending at least six irscf@®) above the top of the underdrains. It is neg@nded to
place this in two (2) or more layers. The top laykat least three inches (3") should consist akgt one-
eighth inch (1/8") to one-fourth inch (1/4") in siz

« Sand. The top course should consist of at leasttoitwelve inches (97-12") of clean, hard, and hexs
coarse sand. The effective size of the sand shmld the range of 0.8 mm to 1.5 mm. The finished
sand surface should be level.

» Underdrains. Underdrains should be at least fathies (4") in diameter and laid with open joints.
Underdrains should be spaced not more than tweety(20') apart and sloped at a minimum of one
percent (1%). Lateral tiles should be spaced ditéayten feet (8-10’). Various pipe materials nteey
selected provided the pipe is corrosion resistadtagpropriately bedded to ensure that the undesira

are not damaged by solids removal equipment. Reddipipe may also be used. As to the discharge of

the underdrain filtrate, refer to subsection 8.5.3.
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» Consider additional dewatering provisions to prevadmeans of decanting the supernatant of solids
placed on the solids drying beds. More effectiveating of supernatant may be accomplished with
polymer treatment of solids.

» Seal the bottom of the percolation bed in a maapgeroved by the Department.

« Do not use paved surface beds.

Walls. Walls should extend eighteen inches (18Yvatand at least nine inches (9”) below the surtddbe
solids drying bed. Extend water tight outer waltsvd to the bottom of the bed and at least fourascd”)
above the outside grade elevation to prevent smih fwvashing into the beds.

Solids removal. At least two (2) beds should bevigled and arranged to facilitate solids removairdat
tracks for percolation type should be on twentyti@®") centers. Construct each solids drying edssto be
readily and completely accessible to mechanicaipagent for cleaning and sand replacement. Providerete
runways spaced to accommodate mechanical equipf@emt special attention to assure adequate acoels t
areas adjacent to the sidewalls. Provide entraaro@s down to the level of the sand bed. These raimpsd
be high enough to eliminate the need for an engramcl wall for the solids bed.

Solids influent. The solids pipe to the drying betisuld terminate at least twelve inches (12") abire
surface and be so arranged that it will drain. Ri®eoncrete splash plates for percolation typelids
discharge points.

Protective enclosure. Provide a protective encloguwinter operation is necessary.

8.5.2 Mechanical Dewatering Facilities

Make provision to maintain sufficient continuity £érvice so that solids may be dewatered without
accumulation beyond storage capacity. The numbeaaium filters, centrifuges, filter presses, fiékrs or
other mechanical dewatering facilities should bégant to dewater the solids produced with onglétgest
unit out-of-service. Unless other standby faciiteee available, provide adequate storage fasiliBeovide
sufficient storage capacity to handle at leastregl§3)-month solids production. Submit documeatati
justifying the design basis of mechanical dewatgfacilities.

Auxiliary facilities per vacuum filters. Provideback-up vacuum pump and filtrate pump installedefach
vacuum filter. It is permissible to have an unitisthback-up vacuum pump or filtrate pump for evéimee (3)
or less vacuum filters, provided that the instalied can easily be removed and replaced.

Ventilation. Provide facilities for ventilation aiewatering area. The exhaust air should be properigitioned
to avoid odor nuisance.

Chemical handling enclosures. Completely enclase-mixing facilities to prevent the escape of lidusst.
Automate chemical handling equipment to eliminatnaal lifting.

Design the mechanical dewatering units to be capafthandling the maximum weekly solids produciion
thirty (30) hours, unless the equipment is designedontinuous operation.
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8.5.3 Centrifuges

Centrifugal dewatering of solids is a process whishs the force developed by fast rotation of andgical
drum or bowl to separate the solids from the liqindlude a solids characterization with the neagspolymer
and coagulant dosage to achieve the design sarsrmt. Consider the abrasiveness of each solgdysin
scroll selection. Provide adequate solids storageroper operation.

Unless utilizing dual trains, provide the followisgare appurtenant equipment with necessary cangect
piping and electrical controls to allow easy insti@bn:
e Drive motor.
* Gear assembly.
* Feed pump.
Provide a variable speed pump for each centrifuig@mthe feed system.
Equip each centrifuge with provisions for variatmiscroll speed and pool depth.
Provide a crane or monorail for equipment removahaintenance.

Design provision for adequate and efficient wasiWrdof the machine interior.

8.5.4 Belt Press

Utilize actual performance data developed from lsimoperational characteristics for design.

Address the impact that anticipated solids vairigbiill have on the design variables for the prasswell as
chemical conditioning.

Provide a second belt filter press or an approatkinpp method of dewatering whenever:
* Assingle belt press is operated sixty (60) hourmore within any consecutive five (5) day period, o
« The average daily flow received at the treatmenkwequals or exceeds one million gallons per day (
MGD).
» Utilize appropriate scale-up factors for full-saesigns if pilot testing is performed in lieu oflfscale
testing.

Design solids feed to be as constant as possildininate difficulties in polymer addition and geeoperation.
Identify the range in feed variability and provigigualization as necessary. Provide a method féoumisolids
dispersion on the belt. Consider grinders for thiels feed to the flocculation system. Thickenirighe feed
solids should be an integral part of the desigtheffilter press.

Consider the following in the filter press design:
» Variable belt speed mechanism.
* Belt tracking and belt tensioning equipment.
* Belt replacement availability based on evaluatibthe belt equipment selection especially if theawe
material, width, or thickness cannot be reasondbpficated.
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Consider the following in the sizing, design, aaddtion of the filter press:
» Dirip trays under the press and under the thickenezadily remove filtrate if gravity belt thickerg is
employed;
* Adequate clearance to the side and floor for maariee and removal of the dewatered solids;
» Location of all electrical panels or other matexidilat are subject to corrosion out of the argaef
press; and
» Adjustable doctor blade clearance.

Provide the polymer selection methodology, accagntor solids variability and anticipated solidsdiing to
the press.

Specify the rollers utilized with the belt filtergss in the design and the specifications should die:
* Rubber coating or other protective finish.
« Maximum frame and roller deflection and operatiegsion.
* Roller bearings that is watertight and rated f&-40 life of one hundred thousand (100,000) hours.

Criteria for the washwater system:
e High pressure washwater for each belt with a sgpetdperating pressure;
* Booster pumps if necessary;
* Spray wash systems designed to be cleaned withtauference with the system operation;
» Particular care in nozzle selections and optionakte cleaning systems when recycled wastewater is
used for belt washing;
* Replaceable spray nozzles; and
e Spray curtains.

Include the following spare appurtenances:
e Complete set of belts;
* One set of bearings for each type of press bearing;
» Tensioning and tracking sensors;
* One set of wash nozzles;
» Doctor blade; and
« Conditioning or flocculation drive equipment; ifglicate units are not provided.

Belt presses and conveyors shall be provided witimergency pull cords along the entire length of theelt
presses and conveyors that will [See 10 CSR 20-8{7)(A)]:

e Stop the press in an emergency; and

» Trigger an audible alarm.

8.5.5 Screw Press

Reserved.

8.5.6 Rotary Fan Press

Reserved.
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8.5.7 Biomembrane Bags

Reserved.

8.5.8 Drainage and Filtrate Disposal

Return drainage from beds or filtrate from dewalgnits to the wastewater treatment process abpppte
points and rates. Return dewatering sidestreartigettyeatment process as far upstream as praaipaibk to
the biological treatment unit. Provide samplingipqent as needed to monitor drainage and filtrastev
streams.

8.5.9 Dewatering Facilities

If it is proposed to dewater or dispose of sludgether methods, a detailed description of the gge@nd
design data is necessary. See Chapter 5 for disousisnew process demonstrations.

8.5.10 Operator Notification

Alarm systems shall be provided to notify the operar(s) of conditions that could result in process
equipment failure or damage, threaten operator saty, or a solids spill or overflow condition [See 10
CSR 20-8.170(7)(B)].

Provide automatic shutdowns to prevent equipmeluiréa

8.6 Storage

8.6.1 General

Provide solids storage facilities at all treatmfacilities. Appropriate storage facilities may cmt®f any
combination of drying beds, lagoons, separate teadditional volume in solids stabilization unipsd areas or
other means to store either liquid or dried solRi®vide for odor control in solids storage tankd aludge
lagoons including aeration, covering, or other appate means so that odors do not create a n@sartbe
property boundary.

8.6.2 Design

Base the number of days of storage based on thlestulids and/or biosolids handling and disposatey.
Justify the solids production values for stabiliaatprocesses.

Design storage areas to minimize tracking of dexgdteake on-site and eliminate runoff from the dews
cake storage area to other portions of the sitdfesite.

For dewatered solids, provide concrete or equitaarfaced facilities with appropriate drainageteyss to
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store treated solids.
Provide drainage systems to return supernatarther équids to the headworks of the treatmentesyst

Accommodate daily sludge production volumes andtion as an operational buffer for unit outage and
adverse weather conditions. Designs utilizing iasegl sludge age in the activated sludge systenmasias of
storage are not acceptable.

Liquid high pH stabilized sludge will not be stor@da lagoon. Store liquid sludge in a tank or eéssjuipped
with rapid solids withdrawal mechanisms for soltisposal or retreatment. Limit on-site storage eidtered
high pH stabilized sludge to thirty (30) days. Nbsite storage disposal of high pH stabilized gjleidllowed.
Make provisions for rapid retreatment or disposalewatered sludge stored on-site in case of slpéye
decay.

For facilities that transport sludge to anotheilitgcas the means of disposal, design storageappi
accommodate at least ten (10) days of sludge ptmusased on maximum month design sludge generatio
rate.

Disposal. Provide drainage facilities for solidéivde transfer stations to allow any spillage ostwdown
material to be collected and returned to the wastemtreatment facility or solids storage facility.

If the land application method of biosolids disdasdhe only means of disposal utilized at a treait facility,
provide storage based on the following considenatiat a minimum:
* Inclement weather effects on access to the apicénd,;
e Temperatures including frozen ground and storeddbids cake conditions;
* Haul road restrictions including spring thawing ditions;
* Area seasonal rainfall patterns;
» Cropping practices on available land;
» Potential for increased solids volumes from indaksources during the design life of the facilignd
* Available area for expanding solids storage;
* Appropriate pathogen reduction and vector attraatemluction criteria. Provide a minimum range of
one hundred twenty to one hundred eighty (120-889% storage for the design life of the facility
unless a different period is approved on a casedsg- basis.

8.6.3 Sludge and Biosolids Storage Lagoons

General sludge storage lagoons may be permittgdugran proof that the character of the sludge aed t
design mode of operation are such that offensiweodill not result. Where sludge lagoons are pteu)
make adequate provisions for other acceptable slhdgdling methods in the event of upset or faibirdne
sludge digestion process. Sludge storage lagoen®@porary facilities and it is not necessarylitam a solid
waste permit under 10 CSR 80. In order to mairghidge storage lagoons as storage facilities, remov
accumulated sludge routinely, but not less thare@very two years unless an alternate schedufpi®eed in
the operating permit.

Location. Locate sludge lagoons as far as pradadatim inhabited areas or areas likely to be intealbduring
the lifetime of the structures. Locate the sludggobns in accordance with Chapter 11.
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Seal. Seal the sludge lagoon bottoms and embankrmeatcordance with subsection 11.3.3 to prevent
leaching into adjacent soils or ground water. Ritofee seal to prevent damage from sludge remataiizes.
Base groundwater monitoring considerations on ékemmendations of Missouri Geological Survey.

Access. Make provisions for pumping or heavy eq@pnaccess for sludge removal from the sludge lagoo
a routine basis.

Supernatant Disposal. Return lagoon supernatahetwastewater treatment process at appropriatespand
rates. Provide sampling equipment as needed totar@upernatant waste streams.

8.7 Chemical Treatment

8.7.1 HEADING

The fundamental design areas to be considereddedbemical feeding, mixing, and storage capakbigiude
chemical treatment operation controls such as pHtact time and mixture temperature.

Provide multiple units unless nuisance-free stogdternate stabilization methods are availablavioid
disruption to treatment works operation when uartsnot in service.

If a single system is provided, provide standbyveyance and mixers, backup heat sources, dual Howie.
as necessary. Include a reasonable downtime fortema@ince and repair based on data from comparable
facilities in the design. Include adequate stofag@rocess, feed, and downtime.

Provide either mechanical or aeration agitatioartsure uniform discharge from storage bins.

8.7.2 Equipment

Determine the design of the feeding equipment byttbatment facility size, type of alkaline matkused,
slaking, and operator certification level. Equiprineray be either of batch or automated type.

Automated feeders may be of the volumetric or gretric type depending on accuracy, reliability, and
maintenance necessities.

Avoid manually operated batch slaking of quickli(@aO) unless adequate protective clothing and egiip
are provided.

At small facilities, use hydrated lime [Ca(OH)2¢tead of quicklime due to safety and labor-saviegsons.

Size feed and slaking equipment to handle a minimtitb0% of the peak sludge flow rate includingdgje
that may need to be retreated due to pH decay.

Store material delivered in bags indoors and eésl/above floor level. Use the multi-wall moistureqf type
bags.
Design dry bulk storage containers to be as airtagtpractical and include a mechanical agitati@chanism
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in the dry bulk storage containers.

Size storage facilities to provide a minimum ohaty (30) day supply.

8.7.3 HEADING

Alkaline material may be added to liquid primarysecondary sludges for sludge stabilization in 6&u
digestion facilities; to supplement existing digestfacilities; or for interim sludge handling. Treds no direct
reduction of organic matter or sludge solids wita high pH stabilization process. There is an a®edn the
mass of dry sludge solids. Without supplementalatering, additional volumes of sludge will be gexted.
Account for the increased sludge quantities foragje, handling, transportation, and disposal mesttaod
associated costs in the design.

Add a sufficient alkaline material to liquid sludgeorder to produce a homogeneous mixture withramum
pH of twelve (12 SU) after two (2) hours of vigosomixing. Provide facilities for adding supplemérai&aline
material to maintain the pH of the sludge duringiim sludge storage periods.

Provide an additive/sludge blending or mixing vétmge enough to hold the mixture for thirty (3@)nutes at
maximum feed rate.

Mixing tanks may be designed to operate as eitlateh or continuous flow process. Provide a mimmai
two (2) tanks. Provide a minimum of two (2) houositact time in each tank. Consider the followiregns in
determining the number and size of tanks:

e peak sludge flow rates;

e storage between batches;

» dewatering or thickening performed in tanks;

* repeating sludge treatment due to pH decay of dtsltelge;

» sludge thickening prior to sludge treatment; and

» type of mixing device used.

Design mixing equipment to provide vigorous agaatwithin the mixing tank, maintain solids in susgpen,
and provide for a homogeneous mixture of the slsddjels and alkaline material. Mixing may be
accomplished either by diffused air or mechanicxiens.

» If diffused aeration is used, provide an air supglyhirty cubic feet per minute per one thousanbic

feet (30 cfm/1000 \at) of mixing tank volume with the largest blower aitservice. When diffusers are
used, provide nonclog type diffusers designed toniecontinuity of service. Adequately ventilateeth
mixing tank and provide odor control equipment.

* If mechanical mixers are used, design the impetterainimize fouling with debris in the sludge and
consider the continuity of service during freezimgather conditions. Size mechanical mixers to glevi

five to ten horsepower per thousand cubic feetQ®H B/ 1,000 §) of tank volume.

Design pasteurization vessels to provide for amum retention period of thirty (30) minutes. Spedtife
means for provision of external heat.
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8.7.4 Chlorine Treatment

Consider the stabilization of sludge by high dasfeshlorine on a case-by-case basis. Construciegsoc
equipment that comes into contact with sludgeshbae not been neutralized after chlorine oxidatuith acid
resistant materials or coat with protective fillagercise caution with recycle streams from dewatgdevices
or sludge drying beds which have received chlostadilized sludge due to the creation of potemdizic
byproducts which may be detrimental to the treatrpencess or receiving stream.

8.7.5 Other Treatment

Other processes for chemical treatment can be deresl in Chapter 5.

8.8 Composting

8.8.1 HEADING

Conventional solids composting facilities aeroldicalocess digested, or otherwise treated, sotidsis
uniformly mixed with other organic materials andkig agents to facilitate biological decompositioin
organics. ldentify the methods of mixing, aeratithe carbon to nitrogen ratio and characteristtdser organic
materials to be used, and how the compost will tfeeClass B or Class A designation.

8.8.2 General Design Considerations

Meet the buffer distances, specified in subsedti@) of this rule. Local jurisdictions may have mqrotective
buffer distances that need to be met. Documenetloesl buffer distances if more protective.

Provide all-weather roads to and from the facility,well as between the various process operations.

Provide provisions for cleaning all solids trangporresidual hauling trucks that return to pulbtiads, at all
compost facilities. Collect wash water for necegsagatment.

Pave the receiving, mixing, composting, curing,jmiyy screening, and storage areas with asphalticrete,
reinforced concrete, or other impervious, strudlyistable material.

Grade the facility to prevent uncontrolled runafiigprovide a suitable drainage system to colldgiracess
wastewater and direct it to storage and/or treatrf@eilities. Process wastewater includes watdectdd from
paved process areas and from the truck wash vigdee the capacity of the drainage system, including
associated storage or treatment works system oh ith&0 year, 24 hour storm event.

Collect and treat all facility process wastewatadt aanitary wastewater prior to discharge.

Where a separate bulking agent is necessary, mavgiorage area for a six-month supply of theibgliagent,
unless the applicant can demonstrate that bulkyegtesupplies can be replenished more frequently.
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8.8.3 Faucilities

Provide a weigh scale or volumetric method for dateing the amount of solids or residuals deliveiethe
facility and the amount of compost material remofredh the facility. Provide adequate space and@gaint
for mixing operations and other material handlingemtions.

Where liquid, or dewatered, solids or residualsppoeessed by the compost facility, all receivifiguch
inputs occur in:
* An area that drains directly to a storage, treatpmrdisposal facility;
* A handling area which is hard-surfaced and dikepréwent entry of runoff or escape of the liquids;
* Provide an area with a sump that has an adequatelg pump located at the low point of the hard-
surfaced area to convey spills to a disposal atihglfacility.

Provide effective mixing equipment for use at alinpost facilities. At facilities handling liquid olewatered
residual materials that are mixed prior to commpastprovide a sufficiently sized mixing operatianproperly
process the peak daily input with the largest mowdrof operation. Establish the necessary mixaqgacity,
either based on the material volume resulting ftbensolids to bulking agent ratio or estimated fron@vious
experience.

Document the ability of all selected equipmenttodouce a compostable mix from solids of established
moisture content, residual material, and the setebtilking agent.

Except for windrow composting wherein mobile mixare used, provide an area with sufficient spaceixo
the bulking agent and solids or residuals and steelaily peak input. Cover the mixing area tovpre
ambient precipitation from directly contacting e materials.

Where conveyors are used to move the compost nthetcomposting area and/or help provide mixing,
provide sufficient capacity to permit handling bétmix with one conveyor out of operation, or pde/backup
method of handling or storing. Direct runoff torstge or treatment facility. Base capacity of thairiige
system on the 1 in 10 year, 24 hour storm event.

8.8.4 System Design

The system design shall be sufficient to provide élevel of treatment necessary for protection of palic
health and welfare as and to meet the 503(b) ClaBsor Class A designation and provide a minimum
storage time of six (6) months [See 10 CSR 20-8.{¥0)(D)].

Give consideration to covering the compost mixiag,pcuring area and drying area in order to allow f
handling of bulking agents and treated solids &wedinished compost, during extended periods of
precipitation. Design the cover so that sunlightassmitted to the composting materials while preing
direct contact with ambient precipitation. If a f@o cover is not provided, address the operatiahe facility
during critical weather periods.

Provide sufficient equipment for routinely measgrthe temperature and oxygen at multiple pointsdepths
within the compost piles.

Provide screening for all compost facilities where compost disposition necessitates the use akarsed

product or where the bulking agent is recycled mused. Provide a daily screening capacity of twadned
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percent (200%) of the average daily amount of cahpox when screening is necessary.

Windrow method. Base the total area necessaryeaubrage daily compost mix inputs, a minimum detan
time of thirty (30) days on the compost pad, aredaiea necessary for operation of the mixing egeigm
Provide sufficient compost mix handling equipmenturn the windrows on the frequency establishethby
operations.

Aerated-static pile method. Base the aerated-gtd&@rea on the average daily compost mix inplts)g with
storing base and cover material, with a composgting of twenty-one (21) days, unless the applicamnt
demonstrate that less time is necessary. Provededinpost mix pile with a means of uniformly distiting air
flow. Configure compost mix to provide adequateatien of the mix using either positive or negafpressure
for air flow through the piles.

Confined composting methods. Due to the large tianan composting processes, equipment types, and
process configuration characteristic of confinesteys, such as enclosed operations or in-vesdehsysa
confined composting system will not be approveessithe applicant can demonstrate, through previous
operating experience and meeting the innovatiienigogy criteria in 10 CSR 20-8.140, that the mater
removed from the enclosed compost process, aftetingethe minimum manufacturer's suggested resalenc
time, has an equivalent or higher degree of staiibn than would be achieved after twenty-one (21)
consecutive days of aerated static pile composting.

8.8.5 Aeration

Provide sufficient blower capacity to deliver thecassary air flow through the compost mix, butrtiieimum
delivered air flow must be at least five hundretdicdeet per hour per dry ton (500 CFH/DT).

Where centralized aeration is utilized, provide andnge multiple blower units so that the desigfiav can
be met with the largest single unit out of service.

Where individual or separated blowers are usedjigecsufficient numbers of extra blowers so thatdiesign
air flow can be met with 10% of the blowers ousefvice.

For facilities that are not continuously mannedjipghe blower units with automatic reset and mésta
mechanisms or alarmed to a continuously mannesiao that they will be placed back into openatdter
periods of power outage.

Provide each pile aeration distribution header aithrottling control valve. Design the aeratiostsyn to
permit both suction and forced aeration. Desigrpipeng system to deliver 150% of the design aeratate.

Design the aeration system to permit the lengtih@feration cycle to be individually adjustedatrepile
header pipe.

8.9 Biosolids Disposal on Land

Evaluate the program of land spreading of biosaslan integral system which include stabilizat&iarage,
transportation, application, soil, crop and grouattx. Wastewater biosolids is useful to crop anidogo

providing nutrients and organic matter. To qualdyland application, biosolids or material derivieaim
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sludge or residuals need to meet at least thetpaliCeiling Concentrations, Class B criteria fatipgens and
vector attraction reduction in accordance with #4RG03.

8.9.1 Pre-Land Application Considerations

If a facility wants to land apply biosolids on pesty they own, lease, or to provide the biosolaa farmer for
application, submit a biosolids management platheédDepartment and verify authorization for langlagation
is included in their state operating permit.

A Biosolids Management Plan includes:
* Representative samples are essential to propealyae the biosolids or residuals. Analyses whidh w
be of major importance will be for sodium, calciumagnesium, nitrate, Total Kjeldahl nitrogen, pH,
phosphorous, potassium, metal ions, boron andifleor
» The initial fields that land application will occan, with the following information:
= Location. A copy of the USGS topographic map ofdhea, similar map or aerial photograph
showing the boundaries of the field and the distaondahe property line;

= Legal description of the disposal site;

» The location of all existing and platted residenoesnmercial or industrial developments, roads,
ground or surface water supplies and wells withquarter (1/4) mile of the proposed site;

» Available land area, both gross and net areasydia roads, right-of-way encroachments, stream
channels and unusable soils);

= Distance from the wastewater treatment and thagofacilities to the application site;

= Proximity of site to industrial, commercial, residi@l developments, surface water streams, potable
water wells, public use areas such as parks, ceileetnd wildlife sanctuaries;

= Information on existing drainage systems, includirfgrmation on the subsurface or surface
practices, tile drainage, intermittent flows, amdgbices employed such as capping of inlets;

» The expected life span of the application fielddshsn the application rates and concentrations
present in the biosolids.

= A description of the suitable barriers restrictaggess to meet the site restrictions identified in
subsection 8.9.2, Site Restrictions.

* A Geohydrological Evaluation from Missouri GeolagliSurvey to identify streams, sinkholes or other
features that may impact the application of bi@soli

» Identify the necessary sampling and monitoringdesgries of the biosolids and the soils.

» Identify who will be land applying the biosolid$§itiis the permittee, the owner of the field, or a
contract operator. Include contact informationdach field including land owner’'s name, addresd, an
phone number.

* The percent solids being applied.

* The application method.

* The prevailing wind direction. Prevailing wind diteon can impact odor complaints and potential
concerns if near a populated area.

Submit the loadings and application rates for datth based on the analysis of the biosolids, ttuperties of
the soil and the expected crop uptake.

Land application of biosolids occurring within tvwigmile radius of the wastewater treatment faciiiil be
covered under the state operating permit. Landiegdpn proposed greater than twenty (20) milesftbe
treatment facility may need to obtain additionakestoperating permits.
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Update the Biosolids Management Plan each timenefiedd is added for application. A copy of the Rlaeeds
to be available for inspection. The addition of rfeslds does not necessitate the facility to comtor
reauthorization to apply biosolids.

8.9.2 Site Selection Considerations

By proper selection of the biosolids applicaticie sihe nuisance potential and public health haghodild be
minimized.

Soil. Biosolids should not be applied to sites tiate less than five feet (5 ft) of soil above loe#tror a
groundwater aquifer,

Buffer Distances. For Class B Biosolids and forusigial residuals, adhere to the following buffers:

« At least one hundred fifty feet (150") from exigftidwellings or public use areas, excluding roads or
highways;

* At least fifty feet (50") inside the property line;

* At least three hundred feet (300') from any sinkhtwsing stream or other structure or physiogmphi
feature that may provide direct connection betwitberground water table and the surface;

« At least three hundred feet (300') from any exgpotable water supply well not located on the
property. Provide adequate protection for wellated on the application site; and

* One hundred feet (100") to wetlands, ponds, gaisirepms (classified or unclassified; perennial or
intermittent).

» Setback distances may be decreased to thirty-#iee(85’) with an established permanently covered
vegetated buffer. Document the type of vegetatditband operational procedures in the Biosolids
Management Plan.

pH. Do not apply biosolids or residuals to sitethva soil pH less than 6.0 or greater than 7.5¢das the salt
solution test or less than 6.5 or greater thant&6ed on the water solution test. Applicationiogblids or
residuals to higher pH soils may be considered casa-by-case basis with supporting documentation
addressing crop and groundwater protection antréicking of aluminum loading rates.

Slopes. Limit slopes to ten percent (10%) and egnptol conservation practices to reduce erosiorNiRCS
recommendations. Slopes on fields greater thapderent (10%) should only have biosolids applieémvthe
site is maintained in grass vegetation with attleaghty percent (80%) ground cover and conserugiractices
are employed.

Site Restrictions. When sizing and selecting lgoaliaation fields, when the biosolids meets thesSIB
pathogen reduction criteria, but not Class A, tiilowing site restrictions are applicable for ediid.

* No harvesting of food crops with harvested parés tbuch the biosolids/soil mixture (such as melons
cucumbers, squash, etc.) for fourteen (14) morftes application.

* No harvesting of food crops with harvested partswéehe soil surface (root crops such as potatoes,
carrots, and radishes) for twenty (20) months apglication if the biosolids and residuals are not
incorporated for at least four (4) months.

* No harvesting food crops with harvested parts belesoil surface (root crops such as potatoes,
carrots, radishes) for 38 months after applicaifidine biosolids and residuals are incorporateld s
than four (4) months.
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* No harvesting of food crops, feed crops, and fidveps for thirty (30) days after biosolids and desils

application.

* No grazing of animals on a site for thirty (30) daafter biosolids or residuals application.

* No harvesting of turf may for one (1) year aftesdalids or residuals application if the turf isqed on
land with a high potential for public exposure daan.

* Restrict public access to land with high poterftalpublic exposure for one (1) year after bioselkuhd

residuals application.

» Restrict public access to land with a low poterfoalpublic exposure for thirty (30) days after fadids

and residuals application.

When identifying land application fields, consi@eiditional land application fields, crop rotatiam,other
methods of handling if the wastewater treatmentifiatas nutrient removal as it can increase th@ant of
nutrients in the biosolids. It may increase theassary application sites by three times or moraedet the
agronomic rates of application for total nitrogerd @aotal phosphorus.

8.9.3 Loading Considerations

Make a detailed analysis of the biosolids or resisland base the application rate on charactexristithe
application site and crop uptake. In the propogsalieation rates, take into consideration the cigenand
permeability of the soils, the distance to the wedble and for no observable runoff to occur.

Metals. The sizing and loading of the applicatimhdls cannot exceed the values listedable 8-4: Ceiling

Concentrations.

Table 8-4: Ceiling Concentration

Milligrams per

[

Pollutant kilogram dry weigh
Arsenic 75
Cadmium 85
Copper 4,300
Lead 840
Mercury 57
Molybdenum 75
Nickel 420
Selenium 100
zZinc 7,500

Total Nitrogen. Maximum nitrogen application ragi®uld not exceed the amount of nitrogen that ean b
utilized by the vegetation to be grown.
* Nitrogen content of the biosolids should not exciedfifty thousand milligrams per kilogram (50,000
mg/kg) of total nitrogen on a dry weight basisextceeding the fifty thousand milligrams per kilagra
(50,000 mg/kg) on a dry weight basis or more thaa lsundred fifty pounds per acre (150 Ibs/acre),
determine the plant available nitrogen (PAN) foliogvEquation 8-1 and include in the Biosolids

Management Plan.
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Equation 8-1

PAN=(Nitrate + nitrite nitrogen) + (organic nitrage 0.2) + (ammonia nitrogen x volatilization
factor)

The volatilization factors are 0.7 for surface aggtion and 1 for subsurface injection.

Total Phosphorus. Phosphorus can be present &t kiaat exceed the crop needs when applicationsased
on nitrogen, therefore perform an agronomic sail &s not all of that P is available for crop growt
Phosphorus tests include the Mehlich-3 soil tést,Bray-1 and the Olson P tests. Application ofbials is
limited to one hundred eighty pounds (180 Ibs)\&ilable phosphorus based on the Bray P-1 testatiting to
apply more than one hundred eighty pounds (180 ilhslude the expected total phosphorus loading for
approval in the Biosolids Management Plan.

8.9.4 Operations and Maintenance Considerations

Include an operations and maintenance sectioreifettility’s Biosolids Management Plan or a separat
document and have it available. Update the operatmd maintenance sections as additional fiekladded
for application or there is a change in the metbioapplication. The operations and maintenanciBmsec
should:

Contain operation and maintenance information ah @é&ece of equipment used on the application site,
including any pumps, piping, traveling guns, krgfioperations.

Contain contact information for each land applmatiield, including owner’'s name, address, and ghon
number.

Cover the spreading operation. Considerationd#ispreading operations may include:

» Hauling equipment. Design the biosolids haulingipopent to prevent spillage, odor and other public
nuisance. Soil compaction should be avoided beczars@action restricts plant root growth, which in
turn limits plant top growth.

» Valve control. Provide the spreading tank truckwétcontrol so that the discharge valve can beexgpen
and closed by the driver while the vehicle is intimo. The spreading valve should be of the faibsaf
type (that is, self-closing) or an additional mdmstandby valve should be employed to prevent
uncontrolled spreading or spillage.

« Application. Consideration for immediate incorpavatof biosolids after spreading or subsurface
injection to reduce odors and runoff. When suchhoeis utilized, consider an adjustment to account
for the reduced rate of ammonia loss into the apinee in the computation for nitrogen balance.

Include Emergency Operations. Identified emergempmrations should include additional fields avdédir
land application or the process the permittee uvitlertake to obtain additional fields or if themétee will not
land apply. If not land applying the biosolids, ®lan should identify who is willing to accept thiesolids,
whether another wastewater treatment facility orumicipal landfill.
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8.10 Other Sludge or Biosolids Disposal Methods

When other sludge disposal methods, such as iratinerand landfill, are considered, contact the &apent,
including the Air Pollution Program and the Solica8%e Management Program to ensure all applicable
regulations are followed.
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Chapter 9: Biological Treatment

9.1 Septic Tanks

Septic tanks may be accepted as a satisfactorysnedgumimary treatment for wastewater treatmentifess
with a design average flow of twenty-two thousaind hundred (22,500) gallons per day or less. Sepiiks
may be utilized in the design as a preliminaryttremnt technology before a recirculating media ffjligigation
system, or dispersal system.

9.1.1 Size

The capacity of the septic tank should be deterchbesed on the design average flow of the faciiti a
thirty-six (36)-hour detention time at a minimuAseptic tank must have a minimum capacity of at last

one thousand (1,000) gallons [See 10 CSR 20-8.13@}. Provide twenty percent (20%) of the septic tank
volume freeboard and ventilation.

9.1.2 Construction Materials

Septic tanks are typically constructed from fibasgl reinforced polyester, high density polyethyleme
concrete.

Utilize corrosive resistant materials for all pigesd appurtenances within a septic tank. Austesitimless
steel of type 316 or 304 is standard for metal comepts. Nylon is degraded by hydrogen sulfide ambt
acceptable.

Avoid contact between dissimilar metals or makeepirovisions to minimize galvanic action.

9.1.3 Watertight

Septic tanks are watertight.

9.1.4 Access

Provide access for service by a minimum accessetemof twenty-four inches (24") with bolt-down &v
assemblies or with locked covers.

9.1.5 Baffles

The septic tank shall be baffled [See 10 CSR 20-80(2)(B)]. Install baffle walls with a minimum three inch
(3") air gap from the lid of the septic tank fomiation.

9.1.6 Inlet and Outlet Tees

Provide inlet and outlet tees to maximize remowal getention of solids within the septic tank.
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9.1.7 Ventilation

Ventilate septic tanks.

9.1.8 Outlet Screen

Install an effluent screen on the septic tank owtleetain large solids.

9.1.9 Location

Bury septic tanks with access risers at or aboadegrConsider accessibility for future maintenaaroe
removal of accumulated solids.

9.2 Recirculating Media Filters

Recirculating media filters are generally consideseitable for treatment of design average flowss khan one
hundred thousand gallons per day (100,000 gpd)rdidws which are highly intermittent or seasonal.

9.2.1 Location

Recirculating media filters following primary treat ment shall be located a minimum of two hundred feet
(200" from future or existing residences or otheestablishments [See 10 CSR 20-8.180(3)(Aflonsider
access needed for maintenance and repairs by gotistr equipment. Consider the possibility of imtétent
objectionable odors occurring during dosing wheratmg these systems.

9.2.2 Primary Treatment

Provide primary treatment prior to all forms ofirealating media filtration to prevent fouling dié filter from
suspended solids, grease, and from excessive t@cpewth due to biochemical oxygen demand (BOD)
overloading. This can be accomplished by providirguiescent environment to promote settling of sndpd
particles, as well as allowing for contact betwdaninfluent wastewater and naturally occurringeaohic
bacteria. If the wastewater is domestic in origettleable and floatable solid separation by agngsized
two-compartment septic tank with effluent baffleesming, or equivalent wastewater sedimentatiardini
treatment unit, will suffice. The septic tank desig expected to provide a minimum of thirty petd&0%)
removal of BOD loading.

9.2.3 Equalization Tank

Determine the size of the equalization tank throadtydraulic analysis of the system that distribube
compressed flow over a twenty to twenty-four h@@ (o 24) time period and eliminates surcharginthef
sand filter. Provide flow equalization when theatataily flow occurs over a period of twelve hoordess and
the filter is sized based on a hydraulic analysisaurly flows. Size the equalization tank for hidé total daily
flow. The equalization tank mixture is pumped te thcirculation tank at a rate that equalizes ftal over a
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twenty-four (24) hour period. Operate the pumpth@equalization tank using a timer with a highelev
override control.

9.2.4 Filter Bed

A minimum of two (2) filter beds and a diversion b are required for all design flows [See 10 CSR 20-
8.180(3)(B)].Where two (2) filter beds are used, size eachhferdesign average flow.

Install filter bottoms with a minimum geomembrairest thickness of twenty millimeters (20 mm) or ped
reinforced concrete.

Install concrete or geomembrane liner filter wétiat extend at least six inches (6") above theofdpe media
bed and at least six inches (6") above the adjagenind surface.

Berms or diversion ditches may be necessary tatdiveoff from entering the filter.

Filters may be covered to protect against sevesthee conditions and to avoid encroachment of weeds
animals. The cover also serves to reduce odor tonsi Allow a space of twelve to twenty-four ineh@2—
24") between the insulated cover and sand surfaaestruct covers of treated wooden planks, galezhimetal
or other suitable materials. Screens or hardwaté chounted on wooden frames may also serve tegrot
filter surfaces. Where weather conditions dictatsulate covers.

Design the filter manifold with a minimum five fo®') pressure residual at the most remote oriic&o more
than a ten percent (10%) differential in flow bedéneany two (2) orifices. Include a flushing valve®sed in a
valve box installed at grade at the distal endaahedistribution pipe. Include provisions to alléw cleaning
the distribution lines with a bottle washer andnpher's snake.

9.2.5 Dosing

Base daily dose frequencies on media grain sizetemeter strength and operating temperatures.

Dosing of the filter should provide for floodingetibed to a depth of approximately two inches (2'9ree and
one-fourth gallons per square foot (1.25 g@l/ft

Set the on cycle so that the orifice dischargedpse cycle does not exceed two (2) gallons peicerif
Both timer and float switch controls are required;timers are the primary method of operation and the
float switch control is a back-up [See 10 CSR 20480(3)(C)].Provide adjustable timers so that dosing

schedules can be modified as site conditions warRanper sizing of the recirculation tank shoulidiimize
float switch operation.

9.2.6 Loading

Hydraulic Loading.The hydraulic loading for media filters shall be &ss than three and half gallons per
day per square foot (3.5 gpd/fi) [See 10 CSR 20-8.180(3)(D)h choosing what loading rate to use, consider
the effective size of the media and maintenancdsiee
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Organic Loading. The organic loading rate shouldelss than 0.003 pounds of applied BOD per squereder
day.

Proper design for systems designed to nitrify athlice nitrogen necessitates determining the aligabhthe
influent. If the alkalinity is low, provide a mettidor adding and monitoring alkalinity to the syste
Approximately eight milligrams (8 mg) of alkalinigre consumed for every milligram of ammonia oxediz
Design to maintain a residual alkalinity.

9.2.7 Maedia Characteristics

The media is any of a number of physical structuresvhose sole purpose is to provide a surface to sugpp
biological growth. Commonly used media includes rdg gravel, and sand of various sizes, textile media
and peat. Finely crushed limestone, dolomite, slagny clay, limestone or appreciable amounts of orgec
material is not acceptable [See 10 CSR 20-8.1808)j

Rock, sand and gravel media, when used—

» Shall be a total of at least thirty-three inches (3") deep [See 10 CSR 20-8.180(3)(E)1.A.];

« Shall have at least twenty-four inches (24") of fie filtering media[See 10 CSR 20-8.180(3)(E)1.B.];

» Use a coarser material below the fine filtering retith a depth great enough to cover the undendra
pipes, so where four inch (4") diameter under draire used, a lower coarse media depth of six snche
(6") is sufficient;

* Place an intermediate layer of three inches (3tivben the coarse and fine media to prevent migratio
of fine media into the lower layer;

* The uniformity coefficient should be less than &l not exceed 3.5;

» Effective Size: 3 mm to 5 mm; and

» SeeTable 9-1 for particle size distribution.

Table 9-1 Particle Sze Distribution:
Sieve Particle Size Percent Passing by Weight
3/8 inch 9.50 mm 100%
No. 4 4.75 mm 0 to 95%
No. 8 2.36 mm 0to 2%
No. 30 0.60 mm 0t00.1%

Synthetic media will be reviewed on a case-by-teses per the manufacturer’s specifications.

9.2.8 Recirculation

Wastewater which has been treated in the reciioglatedia filter, collects at the bottom of thedilthrough
an underdrain and a portion is returned to theeelzting/mixing tank.

Split the underdrain flow to direct at least seyefite to eighty-five percent (75-85%) of the tredt
wastewater back to the recirculating/mixing tank.

Provide a recirculation ratio of five to one (5:&jt no less than three to one (3:1).
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To encourage mixing of fresh influent with partyaiteated recirculating return filtrate, the retline from the
filter should enter the recirculating/mixing tarnktlae same end of the tank as the influent fronstpic tank
and at the opposite end from the recirculating pump

Return the partially treated recirculating retuftrdte to the septic tank to encourage denitrifaa

Wire float switches in parallel with the timer tordrol the pump during periods of excessive wastemfiows,
and in event of timer malfunction.

Install a redundant off/low level alarm in accordanvith the pump manufacturer's recommendatiorsssure
adequate pump submergence in the event of lowdéwehe recirculating/mixing tank.

9.2.9 Underdrain Systems

Collect filtrate and discharge from the bottomlwd sand filter by either a gravity flow underdraystem or a
pumped system. A single pipe in the middle of therfis unacceptable as an underdrain. Size pifwrajlow
for the rapid return of the filtrate to the recilaiion and equalization tanks to prevent pondinthenfilter.

Underdrain systems are slotted poly vinyl chloiig® C) or high density polyethylene (HDPE) pipes or
chamber.

Include a minimum of two (2) underdrain pipes icleélter section. Place the pipes upon the imprsiliner
at the bottom of the filter with the slots facingward. Bring the distal end of the underdrain tadgrand cover
with a removable cap housed in a protective chamber

Install the underdrain pipe at a half to one per¢@rd-1.0%) grade and connect it to a manifoldsmig the
filter.

Space underdrain pipes a maximum of eight feeb(89enter.

9.2.10 Distribution Systems

Distribution is often provided through pipelinedatirected on splash plates located at the centevroers of
the sand surface. Occasionally, spray nozzlesraptoged as well and ridge and furrow applicatios haen
successful during winter operation.

Place distribution lateral lines two foot (2') apdmstall removable endcaps at the ends of thezdés to
facilitate ease of cleaning and flushing.

Size lateral lines one to one and a quarter in€h@s1.25") with a maximum length of seventy-fieet (75').
The Hazen Williams C factor should be between amalred forty and one hundred fifty (140-150).

Place the orifices on the lateral lines where @dgrgéncan occur during freezing weather. Use orgdldelds to
prevent clogging.

Evenly distribute the system so that the maximuer travel over the sand is not more than twéssy (20").
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Dosed distribution boxes may be appropriate in ssitoations. A layer of washed pea gravel placest tive
filter media may also be employed to avoid suriawsion.

9.2.11 Operations and Maintenance

Provide for monitoring tubes to be placed in ealtérfzone to allow the operator to determine dréhis any
unexpected depth of ponding on the liner. The nooinig) tubes coupled with the observations in cledso
provide information to the operator if cloggingoscurring.

9.3 Trickling Filters

9.3.1 General

Trickling filters may be used for treatment of wasewater amenable to treatment by aerobic biologic
processes. Design filters so as to provide the redtion in carbonaceous and/or nitrogenous oxygen
demand in accordance with 10 CSR 20-7.015, EfflueRegulations and 10 CSR 20-7.031, Water Quality
Standards, or to properly condition the wastewatefor subsequent treatment processes [See 10 CSR 20-
8.180(4)(A)].Effective settling equipped with scum and greaskecting devices or other suitable preliminary
facilities precede trickling filters to minimize prevent clogging. Consider multi-stage filterageded to meet
nutrient or ammonia removal effluent limits.

9.3.2 Hydraulics

Trickling filters are classified according to amgalihydraulic loading, including recirculation, inllion gallons
per day (mgd) per acre of filter media surface arghinfluent organic loadings in pounds of fiverda
biochemical oxygen demand (B@Pper day per one thousand (1,000) cubic feetitef fimedia. Determine the
design hydraulic and organic loadings based on the:

» Strength of the influent wastewater;

» Effectiveness of pretreatment;

* Type of filter media; and

* Treatment efficiency expected.

Table 9-2 provides the hydraulic and organic loadings féiedent classes of trickling filters:

Table 9-2: Trickling Filter Types with Expected Loadings and Removal
T"Ckgggeﬁ'ter Typlijl:;'ji';"ter HLZ(;:;%C BOS?lS,OOO Depth, ft Recg;t‘i'j‘tion I/glgiggl
gpm/ft ft*/day removal
High Rate Rock 0.16-0.64 30-60 -6 1-2 65-8b
Super High Rate Manufactured 0.2-1.20 30-10d 1040 1-2 65-80
Roughing Manufactured 0.8-3.2 100-500 15-40 1-4 680-
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Multi-stage Rock, 0.16-0.64 60-120 6-8 0.5-2 85-95
Manufactured
Nitrifying Manufactured 6-1.5 <40 0.5

If utilizing manufactured media, supply the mantdiaer’'s specifications for BOD loading to prevehearing.
Provide a sufficient recirculation ratio to keep thetted area wet and operating correctly.
Design Reliability Factors. Trickling filters aréfected by diurnal load conditions. Use pilot seslor

acceptable design equations to determine the desigikhourly organic loading rate rather than ugieg
average rate. An alternative would be to provide/fequalization.

Distribution.

* Uniformity. The wastewater may be distributed otve filter by rotary distributors or other suitable
devices which will ensure uniform distribution teetsurface area. At design average flow, the dewiat
from a calculated uniformly distributed volume geguare foot of the filter surface should not exceed
plus or minus ten percent (x10%) at any point. @aisecalculate all hydraulic factors involving grer
distribution of wastewater on the filters.

* Head. For reaction type distributions, provide aimum head of twenty-four inches (24") between low
water level in siphon chamber and center of armsvifte a similar allowance in design for added
pumping head needs where pumping to the reactmdistributor is used.

» Clearance. Provide a minimum clearance of six ia€b&) between media and distributor arms. Greater
clearance is essential where icing may occur.

* Provide reverse reaction nozzles, hydraulic brakesotor-driven distributor arms for rotary
distributors to ensure that the maximum speed revemded by the distributor manufacturer is not
exceeded and to attain the desired media dosiag rat

Piping system. Design the piping system includioging equipment and distributor to provide capafatythe
peak hourly flow rate including recirculati@s needed to achieve the design efficiency.

Preliminary Treatment. Install upstream preliminagatment units capable of:
e Screening to reduce pass-through and suspende;soli
e Grit removal,
« QOil and grease removal,
* Primary clarification;
» Controlling the release of hydrogen sulfide; and
» Corrosion protection.

Freeboard. Provide a freeboard of eighteen inct#&9 6r more for tall, manufactured media filteos t
maximize the containment of windblown spray.

Winter protection. Provide adequate protection saghovers in severe climate or wind breaks in maide
climates to maintain operation and treatment efficies when climatic conditions are expected tolras
problems due to cold temperatures. Winter protaatmuld include a higher wetting rate.
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9.3.3 Media

Unit Sizing. Pilot testing with the particular westater or any of the various empirical design equatthat
have been verified through actual full scale exgreré are acceptable for appropriate sizing ofr filcdume.
Provide expected performance of filters using maciwired media from documented full scale experience
similar installation or through actual use of apstudy on-site.

Either use media that is structurally capable piguting maintenance activities, including the ection of
debris or provide a suitable access walkway tonaftwr distributor maintenance.

Media depth shall [See 10 CSR 20-8.180(4)(B)1.]:
* Be a minimum depth of five feet (5’) above the unddrains for rock filter media;
* Be a minimum depth of ten feet (10’) for manufactued filter media to provide adequate contact
time with the wastewater;
* Not exceed ten feet (10" for rock filter media; ad
* Not exceed thirty feet (30") for manufactured filte media except where special construction is
justified through extensive pilot studies.

Size and grading of rock and similar media shall [8e 10 CSR 20-8.180(4)(B)2.]:
* Not contain more than five percent (5%) by weight bpieces whose longest dimension is three (3)
times the least dimension;
« Be free from thin elongated and flat pieces, dustlay, sand, or fine material; and
e Conform to the following size and grading as showm Table 9-3 when mechanically graded over
vibrating screen with square openings.

Table 9-3 Particle Size Distribution:

Screen Size | Percent Passing by Weight
4.5 inches 100%
3inches 0-95%
2 inches 0-0.2%
1inch 0t00.1%

Manufactured Media. Synthetic media material magdigsidered innovative or nonconforming technology
and may be subject to section IManufactured and synthetic media material shall [Se 10 CSR 20-
8.180(4)(B)3.]:

* Be used in accordance with all manufacturer's recomendations;

« Beinsoluble in wastewater and resistant to flakingspalling, ultraviolet degradation,
disintegration, erosion, aging, common acids and ledlis, organic compounds, and biological
attack;

* Be evaluated to determine the suitability based oexperience with an installation treating
wastewater under similar hydraulic and organic loadng conditions. Include a relevant case
history involving the use of the synthetic media;

e Have a structure able to support the synthetic medi, water flowing through or trapped in voids,
and the maximum anticipated thickness of the wettediofilm;

» Support the maintenance activities, unless a sepdeaprovision is made for maintenance access to
the entire top of the trickling filter media and to the distributor; and
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* Be placed with the edges matched as nearly as pdsito provide consistent hydraulic conditions
within the trickling filter.

Handling and placing of media. Store material delkdd to the filter site on wood planks or otherrappd
clean hard surfaced areas. Re-handle all materibédilter site and do not dump material directiyo the
filter.

» Wash and rescreen or fork crushed rank similar media at the filter site to removefiais.

» Place the material by hand to a depth of twelvaasq12") above the tile underdrains and the
remainder of material may be placed by means afdoglveyors or equally effective methods approved
by the engineer.

» Carefully place all material so as not to damageuthderdrains.

* Specify handling and placing of manufactured media.

9.3.4 Underdrainage System

Arrangement. Provide underdrains with semicirculaerts or equivalent that cover the entire flobthe filter.
The unsubmerged gross combined area of the inktings into the underdrain should be at leastiifte
percent (15%) of the surface area of the filter.

Hydraulic capacity. The underdrains shallbe designedvith [See 10 CSR 20-8.180(4)(C)1.]:

* A minimum slope of one percent (1%);

» Effluent channels that produce a minimum velocity 6two feet per second (2 fps) at average daily
rate of application to the filter;

« The underdrainage system, effluent channels and dient pipe to permit free passage of air;

« The size of drains, channels, and pipe so that notore than fifty percent (50%) of their cross
section area will be submerged under the design peaydraulic loading, including proposed or
possible future or recirculated flows;and

« Consideratiorfor the use of forced ventilation, particularly for eved filters and deep manufactured
media filters.

Flushing. Provision should be made for flushinguhderdrains. In small filters, use of a periphéedd
channel with vertical vents is acceptable for flaghpurposes. Inspection facilities should be pledl

9.3.5 Filter Dosing

Use suitable flow characteristics for the applmatdf wastewater to a filter by siphon, pump, @awiy
discharge from preceding treatment unit.

Design to control instantaneous dosing rates ubdir normal operating conditions and filter-flugiin
conditions.

Design so the distributor speed and the reciradatate can be adjusted for the dosing intensity as

compensatory measure under low-flow conditidratle 9-4 provides design ranges of dosing intensity for
normal usage periods and for flushing periods.
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Table 9-4: Trickling Filter Dosing Intensity Ranges(SK)
BODs loading Design SK Flushing SK
kilogram (kg)/m*/day mnvpass mnvpass
0.25 10-100 >200
0.50 15-150 >200
1.00 30-200 >300
2.00 40-250 >400
3.00 60-300 >600
4.00 80-400 >800

A design may be based on instantaneous dosingsitytdar rotary distributors usingquation 9-1.

Equation 9-1:

SK = (g+r) * (1000mm/m)
(&) * (n) * 60

Where:

SK = dosing intensity, millimeter (mm)/pass of ama

q = influent flow/filter top surface area, in cubiieters (m)/square meter (AYhour
r = recycle flow/filter top surface area>tm%hour

a = number of arms

n = revolutions per minute

9.3.6 Ventilation

Use a ventilation fan and associated controlsdhatwithstand flooding of a filter without sustaigidamage.

Forced ventilation.

Forced ventilation for a trickling filter is requir ed when [See 10 CSR 20-8.180(4)(D)1.]:

= Designed for nitrification;

» Designed with a media depth in excess of six feét) or

= Seasonal or diurnal temperatures do not provide stitient difference between the ambient air
and wastewater temperatures to sustain passive velation.

Specify the minimum airflow for forced ventilati@md optimized process performance.

A down-flow forced ventilation system should inckud provision for:

= Removal of entrained droplets;

» Return of air containing entrained moisture totthof a trickling filter; and

= Areversible fan or other mechanism to reverseaattfeow when a wide temperature difference
between the ambient air and wastewater creategstrpdrafts.

Minimum design airflow rate for nitrifying rock, gr avel, and sand trickling filter shall be the

greater of [See 10 CSR 20-8.180(4)(D)2.]:

» Fifty pounds (50 Ibs) of oxygen provided per pounaf oxygen demand at average organic

loading, based on stoichiometry; or
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» Thirty pounds (30 Ibs) of oxygen provided per poundf oxygen demand at peak organic
loading, based on stoichiometry.

The minimum ventilating area for a synthetic madhiaerdrain is the area recommended by the

manufacturer, or usingguation 9-2 and the values in the aeration rate and loadictpifa table to

determine the minimum airflow rate.

Equation 9-2:
MAFR = (Ra) * (L) * (Pg)
1440 min/day
Where:

MAFR = Minimum airflow rate, scfm
Ra = Aeration rate, scf/lb, sé@able 9-5
L = Loading rate, Ib/day, sélable 9-5

Pr = Loading peaking factor

Table 9-5: Aeration Rate and Loading Rate Factors

Aeration rate, R (scf/lb BOD;) Loading Rate, L (Io BOB1000

cf/day)
Roughing Filter 1080 75-100
Secondary Treatment Filter 1200 25-50

1.25 * BOD; + 4.6 * total

Multi-stage Filter 2400 Kjeldahl nitrogen (TKN)

Nitrifying

Odor Control. Use ventilation with periodic filtBushing at a higher dosing intensity to minimizetgntial
odor. Odor control should be evaluated in the itgqgilan. See subsection 5.2.10 for Nuisance Contro
considerations.

9.3.7 Recirculation

The recirculation rate should be variable and siltgefacility operator control.

Low Flow Conditions.

Include the minimum recirculation during periodda# flow in order to ensure that the biological
growth on the filter media remains active at atids.

Include the minimum recirculation in the evaluatadrthe efficiency of a filter, if it is part of proposed
specified continuous recirculation rate.

Design for flow to the filter of at least one nolli gallons per day per acre (1 mgd/acre) aeriéhserof
the filter.

Include variable speed pumps and a method of coenty measuring the recirculation flow rate for a
facility with a design average flow equal to oraer than one hundred thousand gallons per day
(100,000 gpd).

Time lapse meters and pump head recording devieescaeptable measurement devises for facilities
with a design average flow less than one milliolhoga per day (1 mgd).
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9.3.8 Distribution Equipment

Provide a rotary, horizontal, or traveling disttilom system that distributes wastewater uniformigrathe
entire surface of a filter at the design and flaghiosing intensities.

Include filter distributors that operate propertyall anticipated flow rates.
Provide equipment that will not deviate from thaiga dosing intensity by more than ten percent (10%

Include electrically driven, variable speed filtestributor to allow operation at optimum dosinggimsity
independent of recirculation pumping.

Include filter distributors with cleanout gatestbe ends of the arms and an end spray nozzle ttheetdge of
the media.

Extend the filter walls at least twelve inches (1&3ove the distributor arms.
The minimum clearance between the top of the fitiedia and the distributing nozzles is six incl&e¥. (

Rotary distributors should be capable of operatingpeeds as low as one revolution per thirty nes(trev/30
mins).

9.3.9 Hydraulics

Design the trickling system to hydraulically accoodate the specified flushing hydraulic dosing istgnand
facilitate cleaning and rodding of the distribusmms.

9.3.10 Sloughed Biomass

Design the trickling filter system to prevent redilation of sloughed biomass in pieces larger than
distributor nozzle opening or the filter media \&id

9.3.11 Nuisance Organism Control

Operate trickling filters at proper design dosingensities, with periodic flushing at higher dosintgnsities
and minimize areas where sludge may accumulaterttwat nuisance organisms, including filter fliesda
snalils.

9.4 Activated Sludge

9.4.1 General

Applicability.
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» Biodegradable wastes. The activated sludge prasesgs various modifications may be used where
wastewater is amenable to biological treatmentthadiological solids are separated from the tokate
water. It is a suspended growth type process #tiasron secondary clarification for removal of wht
suspended solids while producing a concentratedreictivated sludge flow.

» Operation. Close attention and competent operatipgrvision is needed for this process, including
routine laboratory control for monitoring and prsse&ontrol.

Specific process selection. The activated sludgegss and its several modifications may be emplayed
accomplish varied degrees of removal of suspendiedssand reduction of carbonaceous and/or nitrogen
oxygen demand. Choice of the process most appéicatltil be influenced by the degree and consistaicy
treatment desired, type of waste to be treateghgeed facility size, anticipated degree of operasind
maintenance, and operating and capital costs. &edor flexibility in operation. Design facilitiasith a design
average flow greater than one million gallons gy L mgd) to facilitate easy conversion to variopsration
modes.

Winter protection. Provide protection against fiegan severe climates to insure continuity of @iem and
performance.

9.4.2 Preliminary

Provide effective removal or exclusion of grit, debexcessive oil or grease, and comminution ogesing of
solidsprior to the activated sludge process. Provideesung devices with clear openings of a fourth ain
(0.25") or less. Where primary settling is useavpde for discharging raw wastewater directly te #eration
tanks to facilitate facility start-up and operatduring the initial stages of the facility’s desilifie.

9.4.3 Design

Capacities and permissible loadings. Determinesithe of the aeration tank for any particular ad@émteof the
process by full scale experience, pilot studiesatonal calculations based mainly on food to micganism
(F/M) ratio and mixed liquor suspended solids lsv@€onsider other factors such as size of treatfaeility,
diurnal load variations and degree of treatmeneetqal. In addition, consider temperature, pH aadto
dissolved oxygen when designing for nitrification.

Use theTable 9-6 to determine the aeration tank capacities and gsibie loadings. These values apply to
facilities receiving peak to average diurnal loatias ranging from about two to one (2:1) to fauone (4:1).
The utilization of flow equalization facilities teduce the diurnal peak organic load may be coresidey the
Department as justification to approve organic ingdates that exceed those specifiedable 9-6.

Table 9-6: Activated Sudge Process Loadings
Process Modification SRT FIM Volumetric loading MLSS, VIQ Q/Q
Ib BODs Ib
days af\)ﬂpil\(jg/g”b BOD/d/1000 cf mg/L hours
Conventional 15 0.2-04 20-40 1,500-3,000 48 @Z%
Complete-mix 15 0.2-0.6 50-120 2,500-4,000 35 47
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Step feed 15 0.2-04 40-60 2,000-3,500 35 0.25-0.7
Extended aeration 20-30 0.05-0.15 10-25 3,000-6/008-36| 0.5-1.50

. . 4,000-
High-rate aeration 5-10 0.4-15 100-1,000 10,000 2-4 1.0-5.0
High-purity oxygen 3-10 0.25-1.0 100-200 2,000-9,00 1-3 | 0.25-0.5
Oxidation ditch 10-30 0.05-0.3 5-30 3,000-6,000 68-30.75-1.50
Sequencing batch |\ 0.05-0.3 5-15 1,500-5,000 12-50  N/A
reactor
Single-stage i 0.10-0.25 i ) e 1
nitrification 8-20 (0.02-0.15} 5-20 2,000-3,500 6-13 0.50-1.50
Separate stage ) 0.050-0.2 i i i i
nitrification 10-100 (0.04-0.15§ 3-9 2,000-3,500 3-6| 0.50-2.00

Where:

SRT = solids retention time

F/M = food to microorganism ratio (=TKN/MLVSS foitrification)
MLVSS = mixed liquor volatile suspended solids

Cf = cubic feet

V = aeration volume

Q = forward flow rate

Qr = return activated sludge flow

The design should include methods to measure (&Qj. pressure, air flow) and adjust the aeratiggpsuand
distribution to the aeration tank (e.g., valves).

Basin lining. Line earthen aeration basins with concrete, asphatuivalent material below the maximum
water elevationlf using a synthetic liner, it shall be a minimumof thirty millimeters (30 mm) thick [See
10 CSR 20-8.180(5)(A)].

General tank configuration.

» Dimensions.Maintain effective mixing and utilization of air lwesigning the dimensions of each
independent mixed liquor aeration tank or retuutlge reaeration appropriately. Ordinarily, liquid
depths should not be less than ten feet (10") oent@n thirty feet (30") except in special desigaes.
Horizontally mixed aeration tanks shall have a degt of not less than five and a half feet (5.5") [See
10 CSR 20-8.180(5)(B)].

» Short-circuiting. Provide a means to control sloartuiting through the tank.

Number of units. Divide the total aeration tankurak among two (2) or more units, capable of inddpenh
operation.

Inlets and outlets.

» Controls. Equip inlets and outlets for each aenatiémk unit with valves, gates, stop plates, weirs
other devices to permit controlling the flow to amjt and to maintain reasonably constant liquictle
Design the effluent weir for a horizontally mixegration tank system to be easily adjustable by
mechanical means and sized based on the designnstaktaneous flow plus the maximum return
sludge flow. Design the hydraulic properties of slgstem to permit the maximum instantaneous
hydraulic load to be carried with any single a@matiank unit out-of-service.
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» Conduits. Design channels and pipes carrying lgwidh solids in suspension to maintain self-
cleansing velocities or to be agitated to keepsthigls in suspension at all rates of flow withie th
design limits. Adequate provisions should be mad#rain segments of channels which are not being
used due to alternate flow patterns.

Freeboard. If a mechanical surface aerator is ubedreeboard should be not less than three 3etio( protect
against windblown spray freezing on walkways, Attaeration tanks should have a freeboard of as$ than
eighteen inches (18"). Additional freeboard or viirehk may be necessary to protect against fre@zing
windblown spray.

9.4.4 Aeration Equipment

General. Oxygen demand generally depends on maxidnurmal organic loading, degree of treatment, and
level of suspended solids concentration to be raaiad in the aeration tank mixed liquor. Desigratien
equipment capable of maintaining a minimum of twibignams per liter (2 mg/L) of dissolved oxygentime
mixed liquor at all times and providing thoroughxing of the mixed liquor. This criterion does ngipdy to
anaerobic zones specifically designed for phosghemoval or anoxic zones used as selectors mitfate
removal.

In the absence of experimentally determined valisesthe minimum oxygen demand for activated sludge
processes frorfiable 9-7.

Table 9-7: Minimum Oxygen Demand for Activated Sudge Processes
Process Oxygen Demand

Oxygen for activated sludge treatment systems &R 5 to 09-1.3
<20 days, pounds (Ibs).@b BOD) T
Oxygen for activated sludge treatment systems SR >20 15
days, Ibs Q'lb BOD) :
Nitrogenous oxygen demand (lbs/ld TKN) 4.6
Oxygen credit for denitrification (Ibs Db N) 2.86

« Justify the use of oxygen credits from denitrifioatbased on the specific design to assure
denitrification will occur. This includes the anoxione location, any supplemental carbon addeleto t
system, the recycle rate, and any seasonal opeshtibanges.

In addition, consider the oxygen demands due tyctedlows(e.g., heat treatment supernatant, vaciiitnaite,
elutriates, etc.) due to the high concentratioBODs and TKN associated with the flows.

Considemaximizing oxygen utilization per unit power inpunless flow equalization is provided, design the
aeration system to match the diurnal organic lcathtion while economizing on power input.

Provide mixing and aeration system capacity foolieroperation with adequate turndown capabilitpperate

in the anoxic mode for designs based on anoxicatiper. Consider flexibility to allow for operation the
anoxic mode for all designs.
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Provide an aeration system with sufficient mixingraintain suspension of MLSS under any flow coadit
unless a means for separate mixing is includedirMim air mixing values are identified irable 9-8.

Table 9-8: Aeration and Mixing Values

Type of Aeration System Minimum Mixing Values
Fine bubble, full-floor coveragé 0.12 scfm per sguaot of tank area
Spiral roll 20 scfm per 1,000 cubic feet of tankume.
. , use 0.6 horsepower per 1,000 cubic feet of tank
Mechanical aeration
volume.

A1 %4
—

greater than or equal to 20 scfm/1,000 cubic feg

Coarse bubble
of tank volume.

Horizontally mixed aeration

tank system: maintain an average velocity of 1 fps.

Blowers and Air Compressors.

* Provide blowers and air compressors with sufficeagacity to provide an adequate aeration rate for
biological treatment and any supplemental unit,(taether “process air”) with the largest singet
out-of-service.

« Base blower capacity on the air demand during xipe&ed summer conditions. Base the size of motors
for compressors on summer air flow rates and tmtevtemperature (or other means provided to
control mass air flow rate and prevent motor o\est)o

« Provide blower and compressor units that automticestart after a power outage or include a
telemetry system or an auto-dialer with batterykinac

9.4.5 Diffused Air Systems

Design the diffused air system to provide oxygemeget the demand by either of the following two (2)
methods. Include methods to provide an adjustabkupply to meet the variable load and changiragess
conditions (e.g., sufficient turndown, multiple cprassors, valves).

Having determined the oxygen demand gérsection 9.4.4[able 9-7, calculate the air demand for a diffused
air system by use of any of the well-known equatimtorporating such factoidentified in paragraph (?)(D)6.
of the rule.

Add the oxygen demand calculated in subsectiod 9Tdble 9-7, to theoxygen demand for channels, pumps,
aerobic digesters, or other air-use demand.

The specified capacity of blowers or air compressparticularly centrifugal blowers, should tak&iaccount
that the air intake temperature may reach one leahidur degrees Fahrenheit (104 °F) or higher had t
pressure may be less than normal. The specifiegictgof the motor drive should also take into astdhat
the intake air may be minus twenty-two degrees éaieit (-22 °F) or less and oversizing of the motoa
means of reducing the rate of air delivery to prevm/erheating or damage to the motor may be napess
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Provide multiple blower units so arranged and ichstapacities as to meet the maximum oxygen deméhd
the single largest unit out-of-service. Provideviarying the volume of air delivered in proportianthe load
demand of the facility. Provide aeration equipmntéat is easily adjustable in increments and camtai
solids suspension within these limits.

Design diffuser systems capable of providing far peak oxygen demand

» Design the air diffusion piping and diffuser systnbe capable of delivering normal air demand$ wit
minimal friction losses.

* Air piping systems should be designed such that tatad loss from blower outlet (or silencer outlet
where used) to the diffuser inlet does not exceddehpound per square inch (0.5 psi) at averaggde
conditions.

» The spacing of diffusers should be in accordandk thie oxygen demand within the channel or tank
and should be designed to facilitate adjustmett@f spacing without major revision to air header
piping.

» Design all facilities employing two (2) or less egkndent aeration tanks to incorporate removable
diffusers that can be serviced and/or replacedowitde-watering the tank.

Equip individual assembly units of diffusers withntrol valves, preferably with indicator markings f
throttling or for complete shutoff. Design diffuseén any single assembly to have substantiallyoumf
pressure loss.

Provide air filters in numbers, arrangements amciies to furnish an air supply sufficiently freem dust to
prevent damage to blowers and clogging of the sidfisystem used.

Set the submerged depth for a diffuser at a defpdih least three feet (3') to facilitate maximunygen
transfer.

9.4.6 High Purity Oxygen

In addition to the above, the following appliesatdivated sludge systems which utilize high puoitygen for
aeration.

Provide covered and compartmentalized reactorsoige a series of stages for biological growthheath a
sampling pointAn enclosed air-oxygen exhaust system shall be pided to collect and vent the reactor
off-gases [See 10 CSR 20-8.180(5)(C)].

Normally, the power input should be half to one #mée tenths horsepower per ten cubic feet otaera
volume (0.5-1.3 HP/10%:. Provide design basis for determining mixing dechand include provisions for
rapid removal or cleaning of the mixers.

Remotely locate the high purity oxygen storage gereration facilities and piping from areas where
flammable or explosive substances may be preseat.viarning signs in the area of the oxygen stoaagke
generation facilities. The covered aeration bashmild be equipped with explosive atmosphere mméand
alarms in accordance with applicable state and&degulations. When explosive mixtures could occu
include an influent hydrocarbon monitor at the veads to initiate operation of purge air blowers/emt
reactor oxygen.
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Supply adequate amounts of oxygen storage for eaneirgs and peak demands.

9.4.7 Return Sludge Equipment

Return sludge rate. The minimum permissible resludge rate of withdrawal from the final settliragk is a
function of the concentration of suspended soldbhé mixed liquor entering it, the sludge volumeéax of
these solids and the length of time these soliesetained in the settling tank. Since undue regerdf solids
in the final settling tanks may be deleteriousathithe aeration and sedimentation phases of tihated
sludge process, the rate of sludge return expressadyercentage of the average design flow ofemaser
should generally be variable between the limitdagh in Table 9-9.

Table 9-9: Sudge Return Rates of Withdrawal
Minimum Maximum
Standard Rate 15% 75%
Carbona}cc_epus_Stages of Separateg 15% 7504
Stage Nitrification
Step Aeration 15% 75%
Extended Aeration 50% 150%
N!tr!f!cat!on Stage of Separate Stage 50% 200%
Nitrification

Design a means to vary sludge return rates.

Return sludge pumps. Provide at least three-inGhs(&tion and discharge opening and a positivel loea
pump suctions.
» Motor Driven. Obtain the maximum return sludge aagyawith the largest pump out-of-service.
« Air Lift. Design the air lifts to facilitate rapidnd easy cleaning or include a standby unit orrcthgable
standby measures.

Return sludge piping. Design discharge piping tentaan a velocity of not less than two feet percset (2fps)
when return sludge facilities are operatinglesign average rates. Provide suitable devicesb®eerving,
sampling and controlling return activated sludgsvffrom each settling tank hopper.

Waste sludge facilities. Waste sludge control fied should have a maximum capacity of not leas thwventy-
five percent (25%) of the average rate of wastemfde and function satisfactorily at rates of halpercent
(0.5%) of average wastewater flow or a minimumeof gallons per minute (10 gpmwhichever may be the
larger. Waste sludge may be discharged to the otrat®n or thickening basin, primary settling lmasludge
digestion basin, sludge dewatering facility or @ngctical combination of these units.

9.5 Oxidation Ditches

An oxidation ditch process typically employs comelmixed type of activated sludge process witmglsi
channel or multiple interconnected concentric clegsinsed as an aeration basin with a detentiommalu
Influent wastewater can be diverted through oneare multiple reactors in which different operaibphases
(anoxic, aerobic, etc.) may occur. Section 9.4@spixcept as stated below.
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9.5.1 General

For design average flows greater than one millaliog per day (1 MGD), provide split flow reactors.
Consider multiple reactors for design average flags than one million gallons per day (1 MGD).

9.5.2 Design

A multiple concentric channel basin may have anyler of interconnected channels. This channel desig
scheme provides some process flexibility, sincéwitnor modifications it can be changed to otheivated
sludge process modes.

Provide a volume to facilitate eighteen to twerdyf (18-24) hours hydraulic detention time at agerdry
weather flow.

Influent wastewater and returned sludge shouldréhéereactor immediately upstream of the rotot tha
farthest from the effluent control weir.

Loadings are outlined in subsection 9.%FaBle 9-6, Activated Sudge Process Loadings.
Provide a minimum of four feet (4') depth.

Install automatically controlled weirs to reguléitev direction and alternating operation of aeratroixing
equipment.

Include provisions for taking a single train systeat-of-service for maintenance or during an ujiset,
equalization basin).

Multiple ditch designs have a minimum of two (2)walete rotor units and are designed so a singte et
capable of treating the design average oxygen deéman

Place rotors before a long, straight ditch section.
Provide a method to control rotor submergence.

Provide a minimum of two (2) mixers/aerators pécldio maintain horizontal mixing with one unit enft
service.

Provide elevated walkways for rotor maintenance.
Do not support rotor weight directly by gear redmctor motor equipment.

Protect motors, gear reduction equipment and bgafiom inundation and rotor spray.
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9.6 Sequencing Batch Reactor (SBR)

Sequencing batch reactor (SBR) is a fill-and-drativated sludge treatment system. Although the gsses
involved in SBR are identical to the conventionaiaated sludge process, SBR is a compact anddieated
system and all the processes are carried out segjleim the same tank.

9.6.1 General

The minimum total basin volume shall be equal to th design daily influent flow volume and either
upstream in-line or off-line storage is necessarytminimize influent flow during settling and decaning
[See 10 CSR 20-8.180(6)J. design average flow is less than one millionaad per day (1 MGD), install a
minimum of two (2) reactor basins. If design averéigw is equal to or greater than one million gal per
day (1 MGD), install a minimum of four (4) reactmasins.

9.6.2 Design

Design each reactor to operate in a cyclic mode sufficient time to fill, aerate, settle and reradfie
clarified liquid.

Provide at least eighteen (18) hours of hydraudiedtion time in the reactor. Size the reactor mawn the
hydraulic retention time and decant volume.

The reactor MLSS and MLVSS concentrations and eera&nk volumetric loading should be calculatethat
low-water level.

Design the SBR tank with a minimum sidewater depthiteen feet (15").

Include influent baffling and physical separatioonh the decanter in the design of an SBR with t®)agnks
or a SBR system operating with a continuous feethdwsettling and decanting phases.

Provide a dedicated means of transferring solitwdxn aeration basins.

Include an overflow to another aeration tank(sa storage tank in each SBR tank.

Provide influent baffling using a baffle wall andesgquate physical separation of the influent froendkcanter
for any basin which may operate with a continueaeifduring the settle and decant phases. Thergaéfirects
the influent wastewater below the sludge blankeerage horizontal velocities through each baffldd wa

opening should not exceed one foot per secondsjlafpdesign peak hourly flows

Evaluate system reliability with any single aeratiank unit out-of-service and the instantaneolisely of
flow in the design of decanter weirs and approabaities.

Locate inlets to each basin as far as possible thenoutlet and in no case closer than ten fe€).(10

Provide a high liquid level overflow between basinscate as far as possible from the outlet device.
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9.6.3 Aeration

Since SBRs are considered a variation of the aetivsludge process, section 9.4 applies. As allgages are
completed in a single reactor, consider the foliayyi
* Avoid aeration and/or mixing equipment that maydurce flow patterns within the aeration tank which
interfere with quiescent settling. Establish thectlarge pressure of the blowatghe maximum water
depth. Fixed decanters should not be used in badiase simultaneous fill and decant may occur, or
where the sludge may be difficult to settle.
* Where designed for biological phosphorus removalemitrification, provide mechanical mixing sized
to thoroughly mix the entire tank from a settledidibion within five (5) minutes without aeration.

9.6.4 Decanter System

Floating decanters or similar mechanical deviceglvhllow the treated effluent to be drawn neantiager
surface throughout the decant phase are recomméadadded process control.

The decantable volume and decanter capacity afefjgencing batch reactor system with the largessi lwaut-
of-service should be sized to pass at least sexetypercent (75%) of the design maximum day flehout
changing cycle times.

A decantable volume of at least four (4) hours whig largest basin out of service based on onerbdnd
percent (100%) of the design maximum day flow isypssible.

Design the decanter to control the velocity atrdetiport or at the edge of submerged weirs togmev
vortexing, disturbance of the settled sludge, artdyeof floating materials.

Design the entrance velocity to a decanter nokteed one foot per second (1 fps) at the maximwsigde
flow condition.

Design the decanter system to draw effluent froel\tevto eighteen inches (12-18") below the surtag®to
prevent floating scum from entering the systemrayfill and aeration periods.

Maintain a zone of separation between the settletje and the decanter of no less than twelve m¢h2").

Prevent solids from entering during a react cygte b
* Physically raising the decanter above the watdasar
* Recycling treated effluent to wash out solids texpm a decanter; or
* Mechanically closing a decanter when it is notse.u

A fixed decanter may be used except in a basinevbienultaneous fill and decant may occur. Include

additional decantable storage volume with a fix@acel decanter because of the added settling tiffueda
discharge may occur. Two (2) trains or floatingatder are acceptable alternatives.

9.6.5 Scum Management

Provide scum baffles or other suitable arrangeraedtscum removal facilities, such as telescopirigegaor
high-water overflows. Consider prevailing winds.
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9.6.6 Sludge Management

Provide a system separate from the decant piplogialg sludge to be wasted during the DECANT and/or
IDLE phases of each process cycle. The locationt(®)iin the SBR tank for sludge wasting shouladraoved
from the decanter(s) if wasting may occur duringg HECANT phase.

If decant pumps are used for sludge transfer, fallséolids in the decant piping and recycle bacihe SBR.

All sludge transfer and wasting pumps should bessible for maintenance without dewatering the.tank

Waste sludge control facilities have a rate peretgyal to fifty percent (50%) of the total basinume.

9.6.7 Operations and Maintenance

Consider the means and frequency for removal ofagd other debris from the SBR basins. Adequadeesfor
equipment access (possibly cranes) should be @mesidespecially if the tanks are deep.

Include a high-level alarm that notifies facilityg at facilities that are not staffed twenty-fd@d) hours each
day.

Provide a programmable logic controller (PLC). Nplé PLCs should be provided as necessary to ensur
rapid process recovery and minimize the deterionadif effluent quality from the failure of a singtentroller.

Provide an uninterruptible power supply with elatr surge protection for each PLC to retain pragra
memory (i.e., process control program, last-knoetrpeints and measured process/equipment status, et
through a power loss. Provide a hard-wired backuprfanual override in addition to automatic processrol.
Allow independent operation of each tank for battoenatic and manual controls.

9.7 Membrane Bioreactor (MBR)

9.7.1 General

For wastewater treatment plants with a flow equal ® or greater than one hundred thousand gallons per
day (100,000 gpd), the MBR process must be designedh a minimum of two (2) membrane trains
capable of treating the daily average flow with onenembrane cassette out-of-service [See 10 CSR 20-
8.180(7)(A)1.].

For wastewater treatment facilities with a desigerage flow less than one hundred thousand ga{fdd000
gpd), the MBR process should be designed to hasgd2)vmembrane cassettes but may be designed éoehav
single membrane cassette provided—

e The design includes provisions to manage flowsmgducieaning in place and recovery cleaning (e.g.,
temporary storage, provisions to remove/replaceiddal module for separate cleaning without
impacting remainder of membranes in the tank);

« Design flux criteria must be satisfied with one (1jnembrane module out-of-service (e.g., for
external clean in place, recovery cleaning, repair) For purposes of these criteria, a membrane
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module is the smallest membrane unit capable of safate removal from the tank while

maintaining operation of other membrane units in the same tank; and [See 10 CSR 20-

8.180(7)(A)2.]

* Membranes placed in the aeration basin(s) rather thn a separate membrane tank shall have [See

10 CSR 20-8.180(7)(A)3.]:

» Individual modules and individual diffusers can beremoved separately for maintenance and
repair; and

= Aeration basin(s) volume sized for complete nitritation.

Membranes.
* Use performance based membrane material with af@etver warranty.
* The nominal pore size used in an MBR process shmeilelqual to or less than four tenths microns
(0.4um).
* Use of a membrane system other than a hollow figstem, tubular system, or a flat plate system
will be considered new treatment technology andesibo section 1.4.

9.7.2 Preliminary Treatment

Each MBR system shall [See 10 CSR 20-8.180(7)(B)]--

* Be consistent with the membrane manufacturer recomendations;

* Provide grit removal;

* Provide oil and grease removal when the levels it¢ influent may cause damage to the
membranes;

* Provide a fine screen and high water alarm, desigukto treat peak hourly flow. Coarse screens
followed by fine screens may be used in larger fdities to minimize the complications of fine
screening; and

* Provide a duplicate fine screen and a high water atrm.

9.7.3 Design

Size the MBR system (including membranes and flquaéization) to hydraulically pass anticipated peak
instantaneous flows.

Provide justification for the design operationaiga of MLSS concentration set by the manufacturee.
expected MLSS ranges in both the bioreactor anldermembrane tank are a minimum of four thousand
milligrams per liter to a maximum of fifteen thoasbmilligrams per liter (4,000-15,000 mg/L).

Base flux rates on demonstrated long-term perfoomaata and adequate safety factors. The expeetdiix
rates are listed below—
« An average daily net flux rate of not more thateh gallons per day per square-foot (15 gf)dsft
membrane area;
* A peak daily net flux rate equal to or less thae and a quarter (1.25) times the average dailfiuret
rate; and
* Atwo (2)-hour peak net flux rate equal to or l#smn one and half (1.5) times the average dailylaet
rate.
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Accommodate higher flows with flow equalizationf-tihe storage, or reserve membrane basin capfmity
facilities that expect a peak instantaneous flow greater than two and a half (2.5) times thegiesiaximum
daily flow.

The design solids retention time (SRT) is at léast(10) days but no more than twenty-five (25)dadgclude

long-term process data from operational facilitegemonstrate no detrimental impacts on membrane
operation and permeability when SRT is not witlie tecommended range.

9.7.4 Aeration

The aeration blowers must provide adequate air fomembrane scour and process demands [See 10 CSR
20-8.180(7)(C)].

Include oxygen monitoring and an alarm.

9.7.5 Redundancy

The facility shall have one (1) of the following ai minimum [See 10 CSR 20-8.180(7)(D)]:

* The ability to run in full programmable logic contr ol (PLC) or standby power mode in case of an
automatic control failure;

* An operational battery backup PLC if manual control is not possible; or

« Sufficient standby power generating capabilities tgrovide continuous flow through the
membranes during a power outage (e.g., preliminargcreening, process aeration,
recycle/RAS/permeate pumps, air scour, vacuum pump®r an adequate method to handle flow
for an indefinite period (e.qg., private control ofinfluent combined with contingency methods)See
subsection 5.5.1 for emergency Power for aeration.

9.7.6 Disinfection

MBRs utilizing membranes with a pore size no latan four tenths microns (0.4@n) do not require an
additional means of disinfection.

9.7.7 Sludge Recycling and Wasting

Design sludge recycle rates for MBR systems shbeldetween two hundred and six hundred percent (200
600%) of influent flow. Include justification fohé selected recycle rate, taking into account peakly flows
and aeration basin dissolved oxygen demand inuimergry of design. Various waste streams within the
treatment process may have different recycle rates.

Include provisions to adjust the sludge recycle psiife.g. the pumps can be variable flow drivenratped by
pressure gauge, or valved to account for the rahgperating conditions.)

Consider prevention of excess dissolved oxygen &atering anoxic and anaerobic zones or account for
oxygen recycle.
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Identify location(s) and metering of waste sludigevf(e.g., membrane basin, aeration basin, redtmn lines,
or basin surfaces).

9.7.8 Operations and Maintenance

The MBR design shall [See 10 CSR 20-8.180(7)(E)]—

* Include provisions to monitor membrane integrity;

* Provide on-line continuous turbidity monitoring of filtrate or an equivalent for operational control
and indirect membrane integrity monitoring for a tr eatment plant with design average flow
greater than or equal to one hundred thousand gallws (100,000 gpd); and

* Include provisions to remove membrane cassette fateaning considering the membrane cassette
wet weight plus additional weight of the solids aeanulated on the membranesldentify an
appropriate combination of cleaning strategies &ntain membrane permeability.

9.8 Moving Bed Bioreactor (MBBR)

The moving bed biological reactor (MBBR) procesansattached growth activated sludge process Hest u
suspended plastic carrier media within the biomact provide surface area for biofilm growth. MB8Rre
distinctive in that they use low density media kieptnotion using aeration or mechanical mixers.

9.8.1 Preliminary Treatment

Preliminary treatment, including screening and ignmhoval, is a necessary component of MBBR procetsse
prevent plastic biofilm carrier retention screemdhing and the accumulation of inert material (erags,
plastics, and sand) in the MBBR tank(s).

A MBBR treatment system shall have upstream prelirmary treatment units that are capable of [See 10
CSR 20-8.180(8)]:

e Screening to reduce pass-through and suspended sislj

e Grit removal,

e Qil and grease removal;

* Primary clarification;

» Control the release of hydrogen sulfide; and

e Should include corrosion protection.

Fine screens with no larger than an eighth of ah {(0.125”) typically are used in MBBR facilitid§.using a
larger screen opening, include the manufactur@esifications and design justification in the sumynaf
design.

Bar screening or comminution are not suitable astile means of preliminary treatment.
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9.8.2 Design

Include the basis of design for organic loading rttie estimated nitrification rate, and the edf@uigercent
removal of BOD and ammonia. When process designulzions are not submitted, usable 9-10 to
determine the permissible loadings for the sevataptations of the processes.

Table 9-10: MBBR Loading Rates
Loading Criteria Organic Loading Rate Estlmate;:Iatl\(laltrlflcatlon Estimated Removal Rate
(Ib BODs/1,000 sf (Ib NH4-N/1,000 sf
media-d) media-d)
BOD Roughing >6.0 n/a 75-80% SBOD
BOD removal 2.0-3.0 n/a SBOD <10 mg/L
BOD removal with SBOD<10 mg/L
nitrification <10 0.1-0.2 NH3-N <3 mg/L
Teritary _
Nitrification 0.1-0.3 NH3-N= 1-3 mg/L

Design the length-to-width ratio (L:W) in the rangige half-to-one to one and one half-to-one (0t&:1.5:1).

9.9 Nutrient Removal

9.9.1 Design

A system designed for enhanced nutrient removal mugSee 10 CSR 20-8.180(9)(A)]:
* Include an isolated tank or baffled zone for anoxidreatment, anaerobic treatment, or both; and
» Contain a deoxygenation basin, a larger anoxic basj or another method of decreasing dissolved
oxygen concentration, if the recycled activated stige is returned to an anoxic or anaerobic basin.

Ensure that an adequate nitrifying bacteria popuiatan be maintained during the time period (seasonal or
year-round) without excessive reactor biomass {i&SS) by maintaining:
* Alonger detention time;
* Alonger mean cell residence time (MCRT) with atekly high ratio of the amount of biomass in the
process compared to the rate of loss or wastagmofass; and
* A lower organic loading rate than needed for cadeeonus organic removal alone.

Base the design for processes on satisfactory gsquerformance obtained at full scale or piloteséatilities.
Include performance data and information from dhaciiities with the design data submittal, partaonly
address temperature and pH dependence of thecaitigin process.

Provide flow equalization or other proven methamsliminate the likelihood of loss of biomass oti\ated
sludge washout for wastewater treatment works stubjanfiltration/inflow rates which could be exged to
result in periodic biomass or activated sludgefretrwashout for wastewater treatment works sutijec
infiltration/inflow.
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Provide feed equipment for the addition of chensi¢almaintain a residual alkalinity in the aeratii@sin
contents (i.e., mixed liquor) when necessary, baseithe characteristics of the influent wastewater.

When fully nitrifying, impacts to the effluent pHbald be observed.

9.9.2 Aeration

Provide mixing and aeration system capacity foolieroperation with adequate turndown capability.
Flexibility to allow for operation in the anoxic e should be considered for all designs.

The design oxygen concentration range used for sigj aeration systems for treatment zones shall be as
follows [See 10 CSR 20-8.180(9)(B)]:
* Anoxic: not more than half a milligram per liter (0.5 mg/L);
» Aerobic: at least one and half milligrams per literbut not more than three milligrams per liter
(1.5-3.0 mg/L); and
* Membranes: at least two milligrams per liter but nd more than eight milligrams per liter (2.0-8.0
mg/L).

9.10 Biological Phosphorus Removal

Reserved.
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Chapter 10: Disinfection

* Provide disinfection for all flow to meet applicaldtandards for both bacterial and disinfectiordres
effluent limits. Select the disinfection procesteatonsideration of waste characteristics, typgeztment
process provided prior to disinfection, waste fli@ates, pH of waste, disinfection demand rateseouirr
technology application, and cost.

» If halogens are utilized, dehalogenate when thidwaslevel in the effluent exceeds effluent lintibas or
would impair the natural aquatic habitat of theereing stream.

» Emergency Power. Disinfection and dechlorination pocesses, when used, shall be provided during all
power outages. For additional emergency power cortgrations, refer to subsection 5.5.1. [See 10
CSR20-8.190(2)(A).].

* Secondary containment. Refer to subsection 5.7.5¢e 10 CSR20-8.190(2)(B).]

» Safety. For additional safety considerations, refeto section 5.6. [See 10 CSR20-8.190(2)(C).]

10.1 Chlorine Disinfection

10.1.1 Types

Chlorine is available for disinfection in gas, lidghypochlorite solution), and solid (hypochloritdblet) forms.
Carefully evaluate the type of chlorine during taellity planning process. The use of chlorine gagquid

will be most dependent on the size of the fac#ityl the chlorine dose. Large quantities of chlqraoatained
in cylinders and tank cars, can present a conditketeazard to operator personnel and to the sudingrarea if
such containers develop leaks. Consider both mpnetst and the potential public exposure to chi®mwhen
making the final determination. Create a risk mamagnt plan in accordance with the Section 112(thef
1990 Clean Air Act for facilities storing two thaursd five hundred pounds of chlorine (2,500 Ibg Gt
greater.

10.1.2 Dosage

For disinfection, provide the dose adequate toyeedn effluent that will meet the applicable baatdimits
specified by the Department for that installatiDrsinfection doses will vary, depending on the used points
of application of the disinfection chemical. Desife chlorination system with a rational basis.t&ysdesign
considerations include the controlling wastewatar fmeter (sensitivity and location), telemetereggipment,
and chlorination controls. US&ble 10-1 to size chlorination facilities for normal strehgtomestic
wastewater.

Table 10-1. Chlorine Dosages.

Type of Treatment Dosage (mg/L)
Lagoon effluent 10 -20
Attached growth biological reactor
10
effluent
Activated sludge effluent 8
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Tertiary filtration effluent | 6
Nitrified effluent | 6

10.1.3 Container

Gaseous chlorine cylinders. One hundred fifty po(irtd Ib) cylinders are typically used where chiergas
consumption is less than one hundred fifty pouratsday (150 Ibs/day). Store cylinders in an uprigtgition
with adequate support brackets and chains at tisadstf2/3) of cylinder height for each cylinder.

Gaseous chlorine ton containers. Consider the ugeeo(1)-ton containers where the average dailyrote
consumption is over one hundred fifty pounds (X)0For one (1)-ton containers provide the follogvin
* A hoist with a two (2)-ton capacity; and
* A monorail or hoist with sufficient lifting heighb pass one (1) container over another.

Gaseous chlorine tank cars.

« At large installations, consider the use of taniscgenerally accompanied by evaporators. Evaluate
area wide public safety. No interruption of chl@ation is permitted during tank car switching.

» Locate the tank car being used for the chloringoupn a dead end, level track that is a privadgi.
Protect the tank car from accidental bumping bothilway cars by a locked derail device, a closed
locked switch, or both. Clearly post “DANGER - CHRINE” in the area around tank car(s). Secure
the tank car from unauthorized access.

* Provide the tank car site with a suitable operagilagform at the unloading point for easy accedti¢o
protective housing or the tank car for the conmectf flexible feedlines and valve operation. Pdavi
adequate area lighting for night time operation araihtenance.

Liquid hypochlorite solutions.

» Select sturdy, non-metallic lined storage contarier hypochlorite solutions, and equip with secure
tank tops and pressure relief and overflow piping.

* Install overflow piping with a water seal or otlt®vice to prevent tanks from venting to the indoors

» Locate or vent storage tanks outside.

* Provide adequate protection from light and extréengperatures.

» Locate tanks where leakage will not cause corrosralamage to other equipment.

* Due to deterioration of hypochlorite solutions otiare, it is recommended that containers not bedsiz
to hold more than thirty (30) day supply. At lardacilities and locations where delivery is not a
problem, it may be desirable to limit on-site sg@#o one (1) week.

» For additional chemical housing considerationgmrés subsection 5.7.3.

Dry hypochlorite compounds.

» Store dry hypochlorite compounds (tablets) in fightosed containers and stored in a cool, dry
location.

» Consider means of dust, depending on the sizeedfttility and the quantity of compound used.
» For additional chemical housing considerationgrés subsection 5.7.3.

10.1.4 Equipment

Scales. Provide scales for weighing cylinders adainers at all facilities using chlorine gas.l&ge
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wastewater treatment facilities, scales of theaatiing and recording type are recommended. Praddkes of
corrosion-resistant materials.

Evaporators. Where manifolding of several cylindargon containers will be necessary to evaponatiecent
chlorine. Give consideration to the installatiore@fporators, to produce the necessary quantgg®f

Automatic switchovers. Provide automatic gas caomtiaor liquid chlorine tank changeover.

Flow pacing. Pace the chlorine dose accordingow #ind chlorine residual for all wastewater treatme
facilities with a design average flow of one huntitleousand gallons per day (100,000 gpd) or gre@tamtrol
dose pacing by the effluent flow meters and lotla¢eresidual analyzer probe to ensure appropaatdéime for
residual analyzer control.

Mixing. Positively mix the disinfectant as rapidig possible, with a complete mix being achieveitiae (3)
seconds. This may be accomplished by either thefusebulent flow regime or a mechanical flash arix

Contact period. A minimum contact period of fifteen(15) minutes at design peak hourly flow or
maximum rate of pumpage shall be provided after thmugh mixing [See 10 CSR 20-8.190(3)(A)WWhen
evaluating existing chlorine contact tanks, perfdietd tracer studies to assure adequate contaet ti

Contact tank.

» Construct chlorine contact tank to reduce shoduifing of flow to a practical minimum. Provide
“over-and-under” or “end-around” baffling to minie@ short-circuiting in tanks not provided with
continuous mixing. Install baffles parallel to tlhagitudinal axis of the chamber with a minimumdén
to width ratio of forty to one (40:1) (the totahigth of the channel created by the baffles shoaltblty
(40) times the distance between the baffles).

» Design the tank to facilitate maintenance and d¢tgpwithout reducing effectiveness of disinfection.
Provide duplicate tanks, mechanical scrapers, daple deck-level vacuum cleaning equipment.
Consider providing skimming devices on all contaciks.

» Covered tanks are discouraged.

* Provide measures to dewater each contact tankadebtional unit dewatering considerations, refer to
subsection 5.3.3.

Piping and connections.

» Select piping materials manufactured specificallipane gas. Design piping systems to be as simple
possible with a minimum number of joints. Pipingsld be well supported and protected against
temperature extremes.

* Provide protection for all lines designated to Haraty chlorine to exclude moisture. Even minute
traces of water added to chlorine results in acswve attack.

» Low pressure lines made of hard rubber, saran-lindaber-lined, polyethylene, polyvinyl chloride, o
other approved materials are satisfactory for \édrine or aqueous solutions of chlorine.

« Where sulfur dioxide is used, design the piping fitidgs for chlorine and sulfur dioxide systents s
that interconnection between the two (2) systemsatoccur.

» Color code the chlorine system piping and labalistinguish it from other plant piping. For addited
painting information, refer to subsection 5.3.5.

Standby equipment and spare parts. Standby equiphsafficient capacity should be available tolaepe the
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largest unit during shutdowns. Provide spare garbse available for all disinfection equipment éplace all
parts subject to wear and breakage.

Chlorinator water supply. Maintain an ample supgflyvater available for operating the chlorinataro\wde

duplicate equipment where a booster pump is utiliBrovide protection of potable water supply (gaktisn
5.5.4). Adequately filtered facility effluent shdube considered for use in the chlorinator.

Leak detection and controls.

Ammonium hydroxide solution can be used for detecthlorine leaks.

Provide a leak repair kit approved by the Chlotimsitute where one (1)-ton containers or tank eaes
used.

Caustic soda solution reaction tanks for absorbiegcontents of leaking one (1)-ton containers wher
such containers are in use.

Consider the installation of automatic gas detectiod related alarm equipment.

10.1.5 Gaseous Chlorine Housing

Situate chlorination equipment as close to theiegatibn point as reasonably possible.

Feed and storage rooms shall [See 10 CSR 20-8.19(K3L.]-

Have chlorine gas feed and storage rooms construckef fire and corrosion resistant material;
Provide a gas-tight room to separate equipment fromany other portion of the building if gas
chlorination equipment or chlorine cylinders are tobe in a building used for other purposes;
Have smooth floor surfaces that are chemical resisht, impervious, and slip resistant. Floor
drains are discouraged. Design floor drains, wherprovided, with the ability to be plugged and
sealed;

Have doors to this room that only open to the outde of the building, and are equipped with panic
hardware. Provide door locks to prevent unauthorizéd access, but do not need a key to exit the
locked room using the panic hardware;

Be well-lit with lights that are sealed so that thg will continue working during a chlorine leak.
Comply with subsection 5.5.2 requirements for Clask Division 2 locations when selecting lights
and electrical equipment;

Be at ground level and permit easy access to all @gment;

Separate storage areas for one (1)-ton cylindersdm the feed area and;

Have designated areas for “full” and “empty” cylinder storage.

Inspection window. Install a clear glass, gas-tiginid shatter resistant inspection window in aeréxat door or

interior wall of the chlorination room to permitethunits to be viewed without entering the room. Teezler
settings and scale readings should be easily readthe inspection window or remotely read in aasafe
control room.

Heating and cooling.

Rooms containing disinfection equipment shall be mvided with a means of heating and cooling so
that a temperature of at least sixty degrees Fahrdmit (60° F) and no more than eighty six degrees
Fahrenheit (86°F) can be maintained [See 10 CSR B0190(3)(B)2.A.].

Maintain cylinders and gas lines at the same teatper as the feed equipment.
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» Locate equipment used to heat a chlorine storafeedrarea a safe distance from chlorine
cylinders as to avoid blowing conditioned air ooytinders

« Heating or air conditioning equipment provided for the chlorinator room shall be separate from
central heating and air conditioning systems to preent chlorine gas from entering the central
system and central heating or cooling ducts are natllowed to terminate or pass through a
chlorinator room[See 10 CSR 20-8.190(3)(B)2.B.].

Ventilation shall conform to the following [See 1@CSR 20-8.190(3)(B)3.]:

« Install forced, mechanical ventilation to provide me (1) complete fresh air change per minute
when the chlorinator room is occupied. Construct fas of chemical resistant materials and have
chemical proof motors. Squirrel cage type fans lo¢ad outside the chlorinator room may be
approved if the fan housings and ducting are airtigt and made of chlorine and corrosion resistant
material.

» Locate the entrance to the air exhaust duct from t room no more than twelve inches (12") off
the floor. Locate the point of discharge as not teontaminate the air inlet to any buildings or
present a hazard at the access to the chlorinatooom or other inhabited areas. Utilize louvers for
air exhaust to facilitate airtight closure.

» Locate air inlets as to provide cross ventilationPlace the outside air inlet at least three feet (B'
above grade. Utilize louvers for air inlets to faditate airtight closure.

« Position the vent hose from the chlorinator to theutside atmosphere above grade. Provide
passive vent screens.

Electrical controls. Switches for fans and lightsisall be outside of the chlorinator room at the entance
[See 10 CSR 20-8.190(3)(B)4A. labeled signal light indicating fan operation gltbbe provided at each
entrance, if the fan can be controlled from moentbne (1) point.

Ambient gas detectors. Provide an ambient chlayasedetector in the chlorine storage room. Degsigrgas
detector to be interlocked with the fan and alaysteam. Refer to subsection 10.108 further alarm system
guidance.

Protective and respiratory gear. Respiratory air-pa protection equipment, that meets the requirements
of the Department of Health and Human Services Ceats for Disease Control and Prevention National
Institute for Occupational Safety and HealthNIOSH Pocket Guide to Chemical Hazards, as published
September 2007, shall be available where chlorineg is handled, and stored at a convenient locatiohut
not inside any room where chlorine is used or stote[See 10 CSR 20-8.190(3)(B)5.]. This standard is
incorporated by reference in this document, as puldhed by U.S. Government Printing Office, P.O. Box
371954, Pittsburgh, PA 15250-7954. This rule doestrincorporate any subsequent amendments or
additions. Post instructions for use near the stored equipment

10.1.6 Alarm System

The applicant shall conform to subsection 5.5.3anble responsible for specifying what the alarm
requirements are necessary to assure consistentigiection in compliance with the applicable bactema
limits and the disinfection residual limit in the dfluent [See 10 CSR 20-8.190(3)(C)].
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10.1.7 Sampling and Control

Sampling. Provide a location for sampling disingeceffluent including at least one (1) point doweain of
the contact chamber which may be the same as theqgd@wompliance. In large installations, or wheteeam
conditions warrant, provide for continuous monitgrof the effluent chlorine residual. Identify sdmg
points.

For additional sampling considerations, refer to shsection 5.4.3 [See 10 CSR 20-8.190(3)(D)].
Testing and control. Provide equipment for meagucimorine residual using accepted test procedures.

Consider the installation of demonstrated effectaalities for automatic chlorine residual anasysiecording,
and proportioning systems should be considerel large installations.

10.2 Dechlorination

10.2.1 Types

Dechlorination of wastewater effluent may be neagst reduce the toxicity due to chlorine residudhe
most common dechlorination chemicals are sulfurgaunds, particularly sulfur dioxide gas or aqueous
solutions of sulfite or bisulfite. Solid (tabletgchlorination systems are also available for sfaallities.

Consider criteria including: type of chemical sgganecessary, amount of chemical needed, easeHtmmn,
compatibility with existing equipment, and safetliam selecting a dechlorination system.

10.2.2 Dosage

Evaluate the dosage of dechlorination chemicaldasehe residual chlorine in the effluent, thefiresidual
chlorine limit, and the particular form of dechlwaiting chemical used. The most common dechlorinagent
is sulfite (SQ). Refer toTable 10-2 for commonly used forms of the chemical compouhds yield sulfite
when dissolved in water.

Table 10-2. Dechlorination Dosages.

o . Theoretical mg/L Necessary to
Dechlorination Chemical Neutralize 1 mg/L Gl
Sodium thiosulfate (solution) 0.56
Sodium sulfite (tablet) 1.78
Sulfur dioxide (gas) 0.90
Sodium meta bisulfite (solution) 1.34
Sodium bisulfite (solution) 1.46
Calcium thiosulfate (solution) 0.99
Ascorbic acid (solution) 2.50

Use theoretical for initial approximations, to sfeed equipment. Consider under good mixing cooai&iten

percent (10%) excess dechlorinating chemical ies&sry above theoretical values. Excess sulfuidkaxay

consume oxygen at a maximum of one milligram (1 dig3olved oxygen for every four milligrams sulfje
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mg SQ).

Liquid solutions come in various strengths. Dilstdutions further to provide the proper dose ofhti@nation
as needed.

10.2.3 Containers

Select storage containers depending on dechlasimatiemicals designated for use.

Dilution tanks and mixing tanks are required when wsing dry compounds and may be necessary when
using liquid compounds to deliver the proper dosaggsee 10 CSR 20-8.190(4)(A)].

Solution containers should be covered to preveapenation and spills.

10.2.4 Feed Equipment, Mixing, and Contact Reqrements

Equipment.

» Use the same type of feeding equipment, with mmodifications, for sulfur dioxide gas as used for
chlorine gas. Contact the manufacturer for speeifjgipment recommendations. Do not alternate use of
equipment between the two (2) gasses. Vacuum soléged of sulfur dioxide gas and a positive
displacement pump for aqueous solutions of suliiteisulfite are common types of dechlorinationdfee
equipment utilizing sulfur compounds.

* Include consideration of operator safety and oVerablic safety, in the selection of the type céde
equipment utilizing sulfur compounds, relative he ivastewater treatment facility’s proximity to
populated areas and the security of gas cylindeage. Take into account that the gas reliquifigiseq
easily during the selection and design of sulfoxile feeding equipment. Take special precautions
when using one (1)-ton containers to prevent religction.

* Provide multiple units for adequate peak capacity ® provide a sufficiently low feed rate on turn
down to avoid depletion of the dissolved oxygencamtrations in the receiving waters when necessary
to meet operating ranges.

Mixing requirementsThe dechlorination reaction with free or combinatbane will generally occur within
fifteen to twenty (15 — 20) seconds. Introduce t@dmation chemical at a point in the process wibhee
hydraulic turbulence is adequate to assure thoranghcomplete mixing. If no such point exists, piev
mechanical mixing. The high solubility of sulfitegwents it from escaping during turbulengelid
dechlorination systems shall not be located in thehlorine contact tank [See 10 CSR 20-8.190(4)(B)1.]

Contact time. A minimum of thirty (30) seconds formixing and contact time shall be provided at the
design peak hourly flow or maximum rate of pumpagé¢See 10 CSR 20-8.190(4)(B)2Rrovide a suitable
sampling point downstream of the contact zone. @en& means of reaeration to assure maintenarae of
acceptable dissolved oxygen concentration in tteast following sulfonation. For additional post-aéyn
considerations, refer to section 12.1.

Standby equipment and spare parts. The same rewgrite apply as for chlorination systems. See stibse
10.1.4, Standby equipment and spare parts.
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Sulfonator water supply. The same requirementsyagepfor chlorination systems. See subsection.40.1
Chlorinator water supply.

10.2.5 Housing Requirements

Feed and storage rooms.
* The requirements for housing sulfite gas equipmerghall follow the same guidelines as for
chlorine gas. Refer to subsection 10.1.5 for spécidetails [See 10 CSR 20-8.190(4)(C)1.].
» Design mixing, storage, and solution delivery ateasontain or route solution spillage or leakagay
from traffic areas to an appropriate containmeritt un

Protective and respiratory gear. Respiratory airypatection equipment is the same as for chlobe
subsection 10.1.5, Protective and respiratory desak repair kits of the type used for chlorine tiet are
equipped with gasket material suitable for serwaé sulfur dioxide gas may be used.

10.2.6 Alarm System

The same requirements apply as for chlorinatiotesys.See subsection 10.1.6 [See 10 CSR 20-8.190(4)(D)].

10.2.7 Sampling and Control

Sampling. Include facilities for sampling the deminated effluent for residual chlorine, includiagleast one
(1) point downstream of the dechlorination systehictv may be the same sampling point as that irsesttton
10.1.7,_ Sampling.Make provisions to monitor forsdised oxygen concentration after sulfonation when
requested by the Department. Identify sampling fsoiror additional sampling considerations, reder t
subsection 5.4.3.

Testing and control. Make provision for manual otomatic control of sulfonator feed rates basedtdarine
residual measurement or flow.

10.3 Ultraviolet Disinfection

10.3.1 General

Critical parameters for UV disinfection units aependent upon manufacturers’ design, lamp seledtibe
materials, ballasts, configuration, control systeam&l associated appurtenances.

10.3.2 Dosage and System Sizing

General. The UV dosage shall be based on the desggak hourly flow, maximum rate of pumpage, or
peak batch flow [See 10 CSR 20-8.190(5)(A)1.].

Batch discharges.Consider the following for wastewater treatmeieilites with batch discharges, such as
sequencing batch reactors:
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* The need for flow equalization prior to the UV gystin order to maintain continuous operation;

» If no flow equalization is provided for a batch dicharger, the dosage shall be based on the peak
batch flow [See 10 CSR 20-8.190(5)(A)2.]; and

» Design the UV system to have power cycled up tartagimum number of batches per day to
accommodate the batch discharges.

Bioassay.Use an independent, third party bioassay to véhniéydesign UV requirementshe UV system shall
deliver the target dosage based on equipment derag factors and, if needed, have the UV equipment
manufacturer verify that the scale up or scale dowractor utilized in the design is appropriate for he
specific application under consideration [See 10 G520-8.190(5)(A)3.]Keep the bioassay report available
upon request by the Department. An independemt] farty registered professional engineer needgytg

seal, and date the bioassay report.

New wastewater treatment facilities. The design dekred UV dosage for a new wastewater treatment
facility shall be a minimum of thirty thousand microwatt seconds per centimeters squared (30,000 uW
sicnf) based on MS-2 phage inactivation [See 10 CSR 20:80(5)(A)4.]. This dosage is to be delivered
assuming a high quality effluent having at leastysfive percent (65%) ultraviolet radiation trangiance
(UVT) at two hundred fifty-four nanometers (254 nwgve length.
» The use of a lower bioassay dose based on a ditferganism in similar water quality will be
considered upon submittal of the bioassay to theaBment in accordance with subsection 10.3.2,

Bioassay.

Existing wastewater treatment facilities. Determtime UVT by testing the effluent’s UVT a minimum afice
per week over a one (1) month period. It is theoesibility of the applicant to present the UVTttessults and
determined UV dosage to the Department.

10.3.3 Design

Configuration and redundancy.
* Open channel systemsProvide at least two (2) banks for disinfectiolatality and to ensure service
during lamp cleaning or other necessary maintenance
= Design facilities capable of treating the desigarage flow with one (1) bank out-of-service.
= The combination of the total number of banks shalbe capable of treating the design peak
hourly flow, maximum rate of pumpage, or peak batchflow [See 10 CSR 20-8.190(5)(B)1.].
= Provide at least one (1) bank for facilities witdesign average flow of less than one hundred
thousand gallons per day (100,000 gpd) and hawmeabbacterial effluent limits. Provide at
least one (1) stored spare module for maintenance.
» Closed vessel systemBrovide at least two (2) closed vessels for disinda reliability and to ensure
service during lamp cleaning or other necessaryt@aance.
= Design facilities capable of treating the desigarage flow with one (1) closed vessel out-of-
service.
= The combination of the total number of closed veskeshall be capable of treating the
design peak hourly flow, maximum rate of pumpage, peak batch flow [See 10 CSR 20-
8.190(5)(B)2.].

Open channel system hydraulics.

» Design the approach channel unobstructed and withends to prevent jetting and short circuiting of
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the UV system.

* Provide water level controls to achieve the neggssgrosure and ensure that the UV lamps remain
submerged at a near-constant depth, regardlessnoiffthe lamps are immersed directly in the
wastewater flow. Provide each UV bank with a wédgel sensor and a safety interlock that
automatically shuts off the effected bank if a laxater level is measured.

» Design the downstream channel length unobstruciéaixing the last bank of UV lamps and before a
fluid-level control device.

Closed vessel system hydraulics. Design the hydrptbperties of the system to simulate plug flamditions
under the full operating flow range.

Cover the upstream and downstream portions of ay$tem to shut out all natural light to preveniaalg
growth.

Provide measures to dewater each channel or clessel. For additional unit dewatering consideretjoefer
to subsection 5.3.3.
Provide a means of lifting the UV system to faatlt maintenance and lamp cleaning.

Cleaning. Select a cleaning system capable of removing & seajrease buildup without disassembling the
UV system.

* Automatic cleaning systems are strongly recommended

* Provide chemical cleaning if an automatic clearspstem consists only of a mechanical cleaning
component.

» Closed vessel systems utilizing medium-pressure |l shall be provided with an automatic
cleaning system in order to prevent algae growth & 10 CSR 20-8.190(5)(B)3.].

10.3.4 Monitoring and Alarms

The UV system shall continuously monitor and dispha at the UV system control panel the following
minimum conditions [See 10 CSR 20-8.190(5)(C)1.]:

* The relative intensity of each bank or closed vedsgystem;

* The operational status and condition of each bankraclosed vessel system;

* The ON/OFF status of each lamp in the system; and

* The total number of operating hours of each bank oeach closed vessel system.

The UV system shall include an alarm system [See TBR 20-8.190(5)(C)2.].
» Refer to subsection 5.5.3 for alarm system reqlerém
* The UV alarm system activates under the followingimum conditions:
= The relative UV intensity of the original lamp outmf the system is reduced to less than forty-
five percent (45%); or
= More than ten percent (10%) of the lamps fail; or
» There is an outage of any module, bank, or clogsdel system.

10.3.5 Spare Parts

Provide an adequate supply of spare parts for er@amce. A minimum number of spare parts recommended
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include the following:
 Two (2) UV lamps;
« One (1) lamp sleeve
e Two (2) O-ring seals; and
e One (1) ballast.

10.3.6 Electrical Controls

Refer to subsection 5.5.2 for electrical controlsaquirements [See 10 CSR 20-8.190(5)(D)].

10.3.7 Sampling

Include sampling facilities for sampling the digiofed effluent, including at least one (1) poinivdetream of
the UV system which may be the same as the poicbwipliance. Identify sampling poinRefer to
subsection 5.4.3 [See 10 CSR 20-8.190(5)(E)].

10.3.8 System Safety

Provide for operator safety (electrical hazards exyjbsure to UV radiation) and lamp cleaning fregpye

Provide personal protective safety equipment, hiolg a UV rated face shield and safety glasse®gglgs
and store at a convenient location.

10.4 Membrane Bioreactors (MBR)

No additional means of disinfection is necessaryMBRs utilizing membranes with a pore size no d¢aurthan
four tenths microns (0.40 um).

10.5 Peracetic Acid

Peracetic acid (PAA) is a strong oxidizing agergdufor disinfection. PAA is primarily comprised gicial
acetic acid, water, and hydrogen peroxide. PAAgystfor disinfection are evaluated on a case-bg-basis.
Design standards, operating data, and experiemd¢Rifoprocess are not well established. Refeettien 1.4.

10.5.1 Dosage

For disinfection, provide an adequate capacityrt@ipce an effluent that will meet the applicabletbaal
limits and PAA effluent residual specified by theeoating permit.
« The necessary disinfection capacity will vary, depeg on the uses and PAA points of application.
* Design the PAA system on a rational basis and stutetgulations justifying the equipment sizing and
number of units for the whole operating range oWfrates for the type of control to be used.
* Design the PAA dose to be flow paced.
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10.5.2 Containers

Select storage containers for PAA to be sturdyatntbn-corrosive materials with a secure top.

Chemicals for use in PAA disinfection should betkagright, in their original shipping containerstivhazard
labels intact. Stacking of PAA chemical containsrdiscouraged.

Provide pressure relief and overflow piping forkoah-site storage containers. The overflow pipingudd be
comprised of a water seal or other device to preventing to the indoors.

For secondary containment requirements, refertsesttion 5.7.1.

10.5.3 Housing

The storage room should be kept separate fronttar processes and should be separated from atidties,
organic materials, and heavy metals.

Temperatures above eighty-six degrees Fahrenl&iE)&nd below forty degrees Fahrenheit (40°F) khba
avoided.

Space for at least one (1) months’ supply of PA&wth be available.

For additional housing considerations, refer tosgghon 5.7.2.

10.5.4 Leak Detection

Locate leak detection equipment near chemicalsggabnd equipment that pose a potential threat.

10.5.5 Piping and Connections

Utilize manufacturer approved compatible piping andnections. Ensure PAA piping is color coded and
labeled to distinguish it from other plant pipiftgpr additional painting considerations, refer tbsaction 5.3.5.

10.5.6 Mixing

Positively mix the disinfectant, as rapidly as poles with a complete mix being affected in thr8g feconds.
This may be accomplished by either the use of tertidlow regime or a mechanical flash mixer.

10.5.7 Contact Period and Reactor

For evaluation of existing contact reactors, figlter studies should be done to assure adequaiizcttime.
Construct the contact reactor so as to reduce-shottiting of flow to a practical minimum. For retars
without continuous mixing, provide “over-and-under’end-around” baffling.

Reactors should be designed to facilitate maintemand cleaning without reducing effectiveness of
disinfection.
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10.5.8 Alarm System

Include an alarm system for PAA systems complyiiity wubsection 5.5.3.

The applicant is responsible for specifying what dllerm requirements need to be in order to assurgistent
disinfection in compliance with the applicable e limits.

10.5.9 Standby Equipment and Spare Parts

Standby equipment of sufficient capacity shouldbailable to replace the largest unit out-of-sexviake
spare parts available for all disinfection equiptterreplace parts which are subject to wear apdkage.

10.5.10 Sampling

Include at least one (1) sampling point downstre&the PAA reactor tank, which may be the same tpafin
compliance. ldentify all sampling points. For aduial sampling considerations, refer to subsedi@nlO.

10.5.11 Safety

For safety requirements, refer to section 5.6.

10.6 Ozone

Ozone gas is a proven and acceptable means ofwadstealisinfection. Historically, however, only lited use
has been made of ozone for wastewater disinfedbath, in Missouri and the United States as a wiOimne
systems for disinfection are evaluated on a caseabg basis. Design standards, operating dataxgetience
for this process are not well established. Theegfdesign of these systems should be based upenexge at
similar full scale installations or thoroughly docented prototype testing with the particular wastiewn Refer
to subsection 5.2.2.
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Chapter 11: Wastewater Treatment Lagoons and Wasteater
Irrigation Alternatives

11.1 Supplementary Field Survey Data for the Fality Plan

The facility plan shall contain pertinent information on location, geology, soil conditions, area for
expansion and any other factors that will affect tle feasibility and acceptability of the proposed pryct,
including the information required per Chapter 1 [See 10 CSR 20-8.200(2)].

11.1.1 Site Considerations

In selecting the site for the lagoon or irrigatieids, the following items should be considered:

Locate lagoons and spray irrigation sites as faorasticable from habitation or any area which roay
built up within the expected twenty (20) year dedite of the facility.

Locate lagoons and spray irrigation sites, as nagcpracticable, so that prevailing winds are in the
direction of uninhabited areas.

Elevate lagoons in proximity to water supply lochie areas of porous soils and fissured rock
formations to avoid creation of health hazardstbeoundesirable conditions.

For large installations, parallel treatment cetks @commended. The recommended maximum size for

any cell should be forty (40) acres. The systedesigned to permit isolation of any cell without
disrupting service of the other cells.

Locate lagoons and spray irrigation where stormwaterunoff from the watershed shall be minimized
[See 10 CSR 20-8.200(2)(A)].

In the design of the lagoon system, the followingsiderations should be taken:

Provide provisions to divert stormwater runoff aagrotect embankments from erosion.

Provide additional storage volume for sludge amdciaver.

Round, square or rectangular lagoon cells witgtlenot exceeding three (3) times the width are
recommended. The shape of all cells so that thera@narrow or elongated portions, islands,
peninsulas, or coves.

Round berms at corners to minimize accumulatioftoating materials. Common berm construction,
wherever possible, is strongly encouraged.

11.1.2 Site Map Information

Include a map detailing within a quarter (0.25)evaf the proposed lagoon and irrigation site botirdaThe
topographic map(s) of the total area under conatater by the applicant at a scale of approximabelg inch to
one hundred feet (1":100’) with appropriate contmterval. For the spray fields, it is recommentleat the
map show the topography in detail with a contoterival of two feet (2').The map should include fiblklowing
information or a discussed in the Facility Plan:

Consider the anticipated use of the adjoining lamdsch may be supplemented with notes;

All water supply wells, and their usage type, feample, potable, industrial, agricultural and claks
ownership; for example, public, private, etc;

Land use zoning;
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» Boring and pit locations from the soils investigatias applicable;

» Location, depth, and discharge point(s) of anydfide in the immediate area;

e Spray field boundaries;

» Buffer zones;

* Property lines;

» Identification of known, proposed, and/or obsereadements and right-of-ways; and

e Agricultural Practice. The present and intendett@oip management practices, including forestation
and pertinent information on existing drainage eys, including information on the subsurface or
surface practices, tile drainage, intermittent 8pand practices employed such as capping of inlets

11.1.3 Geohydrological Evaluation

A geohydrological evaluation shall be conducted oall new lagoons, new wastewater irrigation sites,nal
subsurface adsorption fields [See 10 CSR 20-8.20@)].

To obtain the geohydrological evaluation, subngt fibllowing information to the Department of Natura
Resources, Missouri Geological Survey, P.O. Box Esflla, MO65402:

* A layout sheet showing the proposed location ofdigeon and the irrigation fields, including thegaé
description, property boundaries, roads, streard#mer geographical landmarks which will assist in
locating the site;

e Size of the lagoon and/or approximate volume oftevés be treated;

* Maximum cuts to be made in the construction ofitig@on;

» Location and depth of cut for borrow area, if any;

* Type of liner in the lagoon; and

* Land application method, either wastewater irrigator subsurface dispersal.

All potential lagoon sites will receive a ratingifin the geological evaluation. The rating will infae relative
geological limitations for designing and constrogta lagoon or siting an irrigation field.
» Site Limitations.
= Sites with moderate geological limitations are sabjo the requirements the department may
require one (1) or all of the requirements for tatded site investigation as set forth in  (3)(B)?
subsection 11.1.47? of this rule.
= Sites with severe geological limitations will beieved on a case-by-case basis.
« High Collapse Potential.Lagoons shall not be located in areas with a highottapse potential due to
bedrock and soil conditions [See 10 CSR 20-8.200@)1.].

If deemed necessary by the Missouri Geological 8yrdesign and implement a Department approvedigrou
water monitoring program and/or engineered nutmeabhagement plan.

11.1.4 Characteristics of the Wastewater

Representative samples are essential to propesly&te the effluent for irrigation. For evaluatiimn the
design of a treatment facility, samples shoulddiected over the variety of operating conditions.

Grab samples of the effluent may be appropriatéafgoons with long detention time or storage peyiod
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Twenty-four hour composite samples proportioneth&rate of flow may be appropriate for lagoonswgitort
detention time, or having highly variable influeat,with industrial components.

Typical parameters for analyses would be ammonhd, &sochemical oxygen demand (BOD), total suspdnde
solid (TSS), sodium, calcium, magnesium, electrocadductivity (EC), nitrate, total Kjeldahl nitrogepH,
phosphorous, metal ions, boron and fluoride.

Design on a minimum of a year’s influent data whenverting an existing discharging system into a no
discharge lagoon for wastewater irrigation.

Calculate the sodium absorption ratio for wastenatiggation systems applying more than twenty-fowahes

per year (24"/yr) and receiving flows over two huedlthousand gallons per day (200,000 gpd) or veagi
industrial wastes.

11.1.5 Geology

Geologic formation’s name and the rock types atsttes

Degree of weathering of the bedrock.

Character and thickness of the surficial deposits.

Local bedrock structure including the presenceaatfts, fractures and joints.

The presence of any solution openings and sinkhilearbonate terrain.

Hydrology.

* Provide the depth to seasonal and permanent highweddtles (perched and/or regional), including an
indication of seasonal variations.

» Based on the expected contributions and when teene indication through the geologic and soil
testing that contamination of a drinking water dypg a possibility, within a half mile (0.5) ofe¢h
proposed site, include:

» The direction of groundwater movement and the ge)jrdf discharge on one (1) of the attached
maps.
» Chemical analyses indicating the characteristigrofindwater at the site must be included.

11.1.6 Soils Investigation

Detailed soils investigations and reports shall beubmitted for facilities irrigating more than twenty four
inches per year (24”/ yr) and for all subsurface asorption fields. See section 1.5 [See 10 CSR 20-
8.200(2)(C)].

11.1.7 Wastewater Irrigation

Slopes and agricultural practice on the spray fetlclosely related.
» Cultivated fields slopes and forested slopes shbealtimited to ten percent (10%).
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* Sodded field slopes should be limited to fifteercpat (15%) or less.
» For seasonal operations, irrigation on cultivaieltl or forested slopes should be limited to éifte
percent (15%) or less.

« Justify application and the conservation practe@gloyed on slopes greater than fifteen perce®jl15
on sodded fields.

Provide information on an existing lagoon beingwated to a no-discharge system, including:
* Volume of each cell of the lagoon;
* Volume of sludge in the each cell of the lagoon;
« Submit representative samples of the depth of glidghe lagoon shall be submitted; and
« Barrel testing to verify that the lagoon seal méle¢sleakage rates in subsection 11.Babje 11.1.
Where geosynthetic liners are used in storage oréatment basins for wastewaters of an industrial
nature, the application shall [See 10 CSR 20-8.2@)(D)]:
= Document that the liner or storage structure materal is capable of containing the wastewater
for at least twenty (20) years;
= Specify repair or replacement procedures in the eve of leakage or damage to the seal; and
» Include an evaluation of secondary containment ordlakage detection and collection devices for
corrosive or reactive wastewaters and for toxic magrials.

11.2 Basis of Design

11.2.1 General

Design the normal operating level for all lagoom&¢ between the two-foot (2') level and the highewlevel.
Install a permanent depth measurement gauge oremankall cells in the lagoon(s) and that is easbdable

at one-foot (1') increments or smaller. Place tnegg in a suitable location where it is easily asitde during
routine operations.

11.2.2 Area and Loadings for Discharging Lagoons

Controlled Discharge and Flow-Through StabilizationLagoons (three (3) or four (4)-cell). Lagoon desiy
for BODs loadings shall not exceed thirty-four pounds per dy per acre (34 Ibs/day/acre) at the three-foot
(3") operating depth in the primary cells [See 10 SR 20-8.200(3)(A)].
* Provide the second cell with three-tenths (0.3)atea of the primary cell. The third and fourthizel
should have a tenth (0.1) the area of the primally ¢
* Provide a minimum of one hundred twenty (120) dalgtention time between the two-foot (2') level
and the maximum operating depth in the entire laggstem. Cells three and four should have a
minimum of one (1) month’s storage of average diy in each cell.
e Consider making all cells of the lagoon systemeepdas possible. For aerated lagoon cells, wapgh de
should be a minimum of ten feet (10’). Cells shdmdmade as deep as possible.

Area and Loadings for Aerated Lagoons. For the ldgweent of final design parameters it is recommerttiat
actual data be utilized for minimum detention tithe aerated lagoon design for minimum detentio tinay
be estimated using the following formula:
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E

t =
23K, * (100 — E)

Where:

t = detention time in the aeration cell in days;

E = percent of BOBto be removed in an aerated lagoon; and
K1 = reaction coefficient aerated lagoon, 0.06 per day

Oxygen requirements generally will depend on thédB@nd ammonia loading, the degree of treatmentlaad t
concentration of suspended solids to be maintained.

Aerated Lagoons. The aeration equipment shall be pable of [See 10 CSR 20-8.200(2)(D)]:

* Maintaining the design level of dissolved oxygen wiin a particular cell with the one unit in the
cell out of service;

¢ Maintaining a minimum dissolved oxygen level of twamilligrams per liter (2 mg/L) in the lagoon
at all times;

» Delivering one and four tenths pounds of oxygen pgrvound of biochemical oxygen demand
removed (1.4 Ibs Q/1 Ib BOD); and

» Delivering an additional four and sixth tenths pourds of oxygen per pound of ammonia nitrogen
removal (4.6 Ibs Q/1 Ib NH3).

11.2.2 Area and Loadings for Wastewater Irrigatbn Storage Basins

Treatment prior to irrigation shall provide treatme nt equivalent to that obtained from a primary
wastewater lagoon cell designed and constructed atcordance with sections 11.3 and 11.4, except that
the lagoon depth may be increased to include wastater storage on top of the primary volume [See 10
CSR 20-8.200(3)(B)].

Separate storage cells may be used.

Base the design the wastewater storage volumeeotetbign wastewater flows and net rainfall minus
evaporation expected for a one (1) in ten (10) yetarn frequency for the storage period selected.
» Calculate the volume for the storage basins omusieable volume above the two-foot (2°) level.
* The minimum total days of storage is seventy-fii®) (days in southern Missouri to hundred twenty
(120) days in northern Missouri, see subsectiob.B1Seasonal facilities for the minimum storage.
» Consider increasing storage if the system usesrops, or crop production is the primary goal, @ter
to correspond with crop planting and harvestingedcites.

11.2.3 Aeration

Configure aeration equipment to maintain the dekggal of dissolved oxygen within a particular oslth the
one unit in the cell out of service.

Surface Aerators.
« Anchor floating surfaces aerators in at least tfigg@nd preferably four directions. Interconnectof
floating aerators is discouraged. Flexible cablespaeferred.
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Design surface aerators to prevent icing. Spaatfopin legs on mounted aerators sufficient distance
from the aerator to minimize ice build-up due téashing.

Consider installing splash plates for control ostimg.

Design the aerators for ease of periodic maintemaepair, replacement, and/or removal. Consider
maintaining spare aerators.

Provide for independent operation of each aeratamioff switches, time clocks, etc.

Diffused Aeration.

Design the diffused aeration system that the caledlcompressed air volume includes the demands

from the basin aeration equipment together withus@d in other channels, pumps, or other air-uses.

Design the air diffusion equipment capable of namhg sufficient mixing and oxygen concentration

in the aerated volume under maximum seasonal deowmditions.

= Provide multiple units of blowers, arranged andchvahough capacity to meet the maximum air
demand with the single largest unit out of service.

= Provide a method for varying the volume of air deded in proportion to the design load for
individual cells of the lagoon system.

Account for air intake temperatures when desigtivegcapacity of the blowers or air compressor, Wwhic

may reach one hundred and four degrees Fahredl@dit’F) or higher and pressures may be less than

normal, especially with centrifugal blowers.

Arrange the diffusers in each basin to provide tegp@eration with maximum intensity near the inlet.

Space the diffusers in accordance with the oxygematquirements of the total process, i.e., the

organic loading in each cell. Diffuser spacing dddae designed to facilitate adjustments withoujama

revision to air header piping.

Equip individual assembly units with control valypseferably with indicator markings for throttliray

for complete shut-off. Provide for subsequent lawfor pressure measurements and necessary air flow

adjustments.

Design diffusers in single assembly, so they havstantially uniform pressure loss and hydraulic

residence time.

Provide sufficient number of air filters in an arggment and with the capacity to furnish an aipsup

free from dust to protect equipment and prevenggileg of the diffusers.

= Consider maintenance issues in the removal of despersd for unclogging air diffusers openings.

= Arrange diffusers to facilitate their removal faspection, maintenance, and replacement without
completely dewatering the basin and without shgttiff the air supply to other diffusers in the
basin.

Provide sufficient blower pressure to dewater tifieiser lines.

11.3 Lagoon Construction Details

11.3.1 Embankments and Berms

Berms shall be constructed of relatively imperviousnaterial and compacted to at least ninety-five
percent (95%) standard density method to form a stale structure [See 10 CSR 20-8.200(4)(A)1.].

The minimum berm width shall be eight feet (8') topermit access of maintenance vehicles [See 10 CSR
20-8.200(4)(A)2.].
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Construct the inner and outer berms with a maxirslope of three horizontal to one vertical (3:1).
Construct outer slopes sufficiently steep to préganface runoff from entering the lagoons.

Minimum freeboard shall be two feet (2') [See 10 S 20-8.200(4)(A)3.]Consider three feet (3’) of
freeboard for cells greater than ten (10) acres.

Provide the method of erosion control on the bewrencompass all relevant factors, including lagocation
and size, variations in operating depths, seal niatéopography, prevailing winds, cost breakdown,
application procedures, etc.
» Seeding. The berms shall have a cover layer afdedpsoil with a minimum thickness of four inches
(4") to promote establishment of an adequate végeteover.
= Prior to filling, establish vegetation on berms from the outsidédame foot (1') above the water
line measured on the slope.
= Perennial-type, low growing, spreading grassesrthaimize erosion and can be mowed are most
satisfactory for seeding of berms. Alfalfa and otloeg-rooted crops should not be used for seeding.
» Riprap and additional erosion protection.
= Provide Riprap or some other acceptable methodosi@n control around all piping entrances and
exits.
= Design erosion protection on the slopes and botiaraseas where turbulence will occur in aerated
cells.
= Additional erosion control may also be necessartherexterior berms slope(s) to protect the
embankment(s) from erosion due to severe floodfregweater course.
» Place riprap or an acceptable equal one foot @oya the high water mark to two feet (2') below the
low water mark for lagoons subject to sever waw@ador erosion control of the interior berm sésp

Provide an emergency spillway, which shall preverdvertopping and cutting of berms, and
* Be compacted and vegetated or otherwise constructéal prevent erosion; and
* Have the ability to be collect a representative sapte if discharging, including flow [See 10 CSR
20-8.200(4)(A)4.].

11.3.2 Lagoon Bottom

Select soil used in constructing the lagoon bottoat including the seal) and berm cores to avoitleseent.
Soil shall be compacted with the moisture contentdiween two percent (2%) below and four percent

(4%) above the optimum water content and to the spified standard density method but no less than
ninety-five percent (95%) standard density method$ee 10 CSR 20-8.200(4)(B)].
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11.3.3 Lagoon Seals

Seal all lagoons to ensure that seepage loss slalas low as possible and not to exceed the maximum
allowable percolation losses iTable 11-1 [See 10 CSR 20-8.200(4)(C)IThe lagoon seal will cover the
bottom of the lagoon and extend up the inner bdopesto where the side slope intersects with tpeofdhe
berm. Seals consisting of soils, asphalt, soil ceroesynthetic liners may be used provided theneability,
durability and integrity of the proposed materied® be satisfactorily demonstrated for anticipataditions.
Bentonite, soda ash or other sealing aids may & tosachieve an adequate seal in systems usingf sloe
wastewater comprises of more than twenty percé¥bjandustrial wastewater or contains parameteasdte
leachable, lower percolation losses or a more ptioteliner may be required.

Table 11-1 Maximum Allowable Percolation Losses
Lagoon Seal 3500 g/acre/day
Lago.on Seals located in areas Wlth 1700 glacre/day
potential groundwater contamination

Soil seals.
* The minimum thickness of the compacted clay liner mst be twelve inches (12").For permeability
coefficients greater than 10 “™**“or for heads over five feet (5') such as an aeratdagoon system,
the following formula shall be used to determine nmimum seal thicknessEquation 11-1 [See 10
CSR 20-8.200(4)(C)]:

Equation 11-1:
Hx K

t=

5.4 x 10" cm/sec
Where:
K = the permeability coefficient of the soil in qustion;
H = the head of water in the lagoon; and
t = the thickness of the soil seal.

» Prefill all lagoons to protect the liner, to prevereed growth, to reduce odor, to allow measureroént
percolation losses and to maintain moisture cordetite seal.
» The following criteria are for design and constioctof soil liners.
» The soils used for construction of a wastewatdilstation lagoon liner should meet the following
minimum specifications:
o Be classified under the Unified Soil Classificat®ystems as CI, Ch, Gc or Sc;
o Allow more than fifty percent (50%) passage throagko. 200 sieve;
0 Have a liquid limit equal to or greater than thi(gp);
0 Have a plasticity index equal to or greater thaertty (20); and
* The minimum thickness of the compacted clay lisdmielve inches (12"). Soils with a coefficient of
permeability greater than 1 x 1@entimeter per second, liner thickness of mora theelve inches
(12") may be required.
» Construction of the liner material should be at@sture content between two percent (2%) below and
four percent (4%) above optimum and compactiorifisf denerally not exceeding six inches (6") to
greater than ninety percent (90%) standard Praieosity.
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= Maximum rock size should not exceed one-half (bf2zhe thickness of the compacted lift.
» Maintain the seal at or above the optimum watetaatruntil the lagoon is prefilled.
» If bentonite is proposed to be part of the linemstouction, consider the following:
= Uniform application of high swelling and free flavg bentonite.
o The minimum application rate should be two poungissguare foot (2 Ibs/sqft).
o The soil-bentonite mixture should have a water eonat or up to four percent (4%) above the
optimum for maximum compaction;
= Spread the bentonite with equipment that providefoum application and minimizes wind drift.
o Split the application, so that one-half (1/2) ipkgd in one direction and the remaining half in a
perpendicular direction on the lagoon floor anchier
o0 Mix the bentonite into the soil to a uniform depthat least four inches (4") and the liner should
be compacted to at least ninety percent (90%) atan@roctor density without the use of a
sheepsfoot roller.
o Cover the completed liner with a minimum of fouclwes (4") of fine textured soil.
0 Hydrate the liner with fresh water prior to intration of wastewater and kept at or above
optimum water content until the lagoon is prefilled
o The maximum size of rocks in the fine soil useddavering the soil-bentonite liner and in the
soil-bentonite mixture should be one inch (1").
= Construct the lagoon bottom below the bentonité sseembankment or scarified to a depth of
twelve inches (12") and compacted in six-inch (Bt3 to at least ninety percent (90%) standard
Proctor density, at sites where the soils are demsd to be aggregated cherty clays.

Synthetic Liners. Synthetic seals thickness may vary due to liner matial but the liner thickness shall be
no less than two-hundredths inch (.02") or twenty 20) mil and be the appropriate material to perform
under existing conditions[See 10 CSR 20-8.200(4)(C)3Consideration should also be given to liners
containing reinforcement in appropriate situatisgugh as sidewall slopes steeper than one to ¢hr&eor
lagoon depths greater than eight feet (8'). Alsaréas of cherty or gravelly soils, consideratioowd be given
to using a geotextile under the liner or very thickyethylene (80 mil) liners. Special care mustdiesn to
select the appropriate material to perform undestiexy conditions.
* Prepare the subsoil bed to insure all holes, ratkisnps are eliminated.
= Sieve or rake the area after grading to provideaath, flat surface free of stones or other sharp
objects.
* Provide a bedding of two to four inches (2—4") ahd or clean soil free of stones greater than three
eighths inch (3/8") Proper site preparations fartlkgtic liners are essential.
* Provide a method of gas venting if gas generatiom fdecaying organic material or air pumping
from a fluctuating groundwater table is a potentiablem.
* Lay out liner panels should to minimize seams \aithoverlap of four to six inches (4—6") or the
manufacturer’'s recommendations.
= Place the anchor bench at least nine to twelveem¢(®-12") beyond the slope break at the berm and
with a minimum six-inch (6") depth. Exercise camdhe backfilling of the anchor trench.
= Provide a minimum backfill of twelve inches (12f)sand or finely textured soils on the top of the
liner is recommended on the lagoon floor to preweasion, mechanical damage to the liner and
hydraulic uplifting of the liner. On the side slgp@ minimum twelve-inch (12") primary fill of
finely textured soil and possibly a minimum six4in@") secondary fill of rip-rap is recommended.
* Inspect all seams prior to seepage testing andtanaiall inspection reports. It is recommended that
installation be done by contractors familiar withtgntial problems which can be encountered.
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« Consider secondary containment or leakage deteatidrcollection devices for corrosive or reactive
wastewaters and for toxic materials liners are uisetiorage or treatment basins for wastewateesof
industrial nature.

» Submittal of leakage test results, density testdarcoefficient of permeability on the finishedér
may be required prior to placing the structure imperation.

Seep collars shall be provided on drain pipes wheitey pass through the lagoon seal [See 10 CSR 20-
8.200(4)(C)4.].

11.3.4 Influent Lines

Consider the guality of the wastes, exceptionadlgdy external loadings, abrasion, soft foundataomd similar
problems in selection of pipe materials.
e Use Cast- or ductile-iron pipe, or polyvinyl chidei C900 or C905 for the influent line to the lagoon
* Unlined corrugated metal pipe shall not be used du® corrosion problems [See 10 CSR 20-
8.200(4)(D)1.].
» Select other materials based on the local condition

A manhole shall be installed with its invert at leat six inches (6”) above the maximum operating leVef
the lagoon, prior to the entrance into the primarycell, and provide sufficient hydraulic head without
surcharging the manhole[See 10 CSR 20-8.200(4)(0)2nstall manholes per section 2.4.

Design flow distribution structures to effectivedylit hydraulic and organic loads equally to thienary cells.

The influent line(s) shall be located along the btam of the lagoon so that the top of the pipe is gi below
the average elevation of the lagoon seal; howevéhng pipe shall have adequate seal below it [See TR
20-8.200(4)(D)3.].
» Consider multiple influent lines for primary cetigenty (20) acres or larger to enhance distribution
through the cell.
* In aerated cells, locate influent lines such thatlbad is distributed through the mixing zonehaf t
aeration equipment.
» Consider multiple inlets with diffused aeration teyss.
* Terminate all influent lines at the approximateteewf the primary cells to minimize short-circai
* Terminate the influent lines into a shallow sawst®ped apron. Rest the influent lines on a concrete
apron large enough to prevent soil eroision. Theimmim size of the concrete apron is a two foot (2)
square.

Install flow measurement devices per subsectior95.5

11.3.5 Control Structures and Interconnecting Riing

Consider the design and use of multipurpose costraottures, where possible, to facilitate nornp@rational
functions such as drawdown and flow distributidonwfand depth measurement, sampling, pumps for
recirculation, chemical additions and mixing andrimimize the number of construction sites wittie berms.
If utilizing control structures or interconnectegipg, consider:

» Accessibility for maintenance and adjustment oftaus;
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* Ventilatefor safety and to minimize corrosion;

* Locks to discourage vandalism;

» Controls to allow water level and flow rate contrmdmplete shut off and complete draining;

» Construct of noncorrosive materiaés)d

» Locate piping to minimize short-circuiting withihe cell and avoid freezing and ice damage.

« Design regulators to control the water level arat they can be preset to stop flows, through valves
slide tubes, or dual slide gates,

Design all piping to be cast-iron or other accelgtaaterials.
» Avoid locating piping within the seal.
» Seep collars shall be provided on drain pipes wtierg pass through the lagoon seal.
* Place and compact the backfill around the draie pigthe same manner as the lagoon seal.
* Anchor pipes with adequate erosion control.
» Drawdown structure piping.
= Design the permit overflow at one-foot (1') incrensebetween the two foot (2') level and the
maximum operating level, except in aerated cells.

» Provide suitable baffling to prevent dischargeafra or other floating materials.

* Provide means to prevent unauthorized varianckeofagoon depth.

= Provide a flap valve at the outlet end of the ficell overflow or drain pipe to prevent entrance of
animals or backwater from flooding.

» Lagoon drain. Provide all lagoons with emergen@matown piping to allow complete draining for
maintenance. Provide sufficient pumps and appunisgsato facilitate draining of individual lagooffis i
lagoons cannot be drained by gravity.

* Provide the hydraulic capacity to allow for a minim of two hundred fifty percent (250%) of the
design average flow of the system. For controllisdithrge systems, the transfer of water needscar oc
with a minimum rate of six inches (6") of lagoonteradepth per day at the available head.

11.4 Lagoon Retrofits

11.4.2 Baffles

Baffles divide a cell to restore the full desigrdraulic retention time by preventing short-cirouofi

Baffles can also isolate a quiescent settling Zorike lagoon system or to introduce a complete zomne to
increase the removal capacity of a lagoon systatigtshort on retention time.

Construct floating baffles to the manufacturer’s@fications. The design of floating baffles degigion a
primary bottom-anchored design for maximum resgan loads encountered in industrial or municipal
lagoons.

Conform the baffle to the side slopes of the lagatiere they meet the berm.

Construct the flotation collar of the baffle usiadpng polystyrene foam logs or equivalent seatea chamber
of the specified baffle curtain material. The dltadbn material shall be closed cell polystyrenenidaroviding a
minimum buoyancy of sixty pounds per cubic foot [68./ ft).
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11.4.2 Covers

Lagoon covers shall be constructed, either permeaibbr impermeable, with a minimum thickness of 2 mil
or meet the manufacturer’s recommendations, and beltraviolet and weather resistant [See 10 CSR 20-
8.200(5)(A)1.].0ther covers may be approved for use on a casedxysituation by the department.
» Secured the cover at the lagoon perimeter utilizmgnchor trench.
» Construct the anchor trench with rounded cornesder to avoid sharp bends or per the
manufacturer's recommendations.

Seams.

* Remove large rocks and other objects from the breiges.

» Use Extrusion and fusion welding for field seaming.

e Trial seams shall be used to verify acceptable iredtation techniques [See 10 CSR 20-
8.200(5)(A)2.].Test trial seam specimens in shear and peel udietfdaension meter. The seaming
equipment shall not be used if the specimensHaikésting.

» Construct the cover with at least six-six inch (h€ample ports that will be used to retrieve wasteer
and sludge samples from the lagoon’s contents.gddéke sample ports to prevent the escape of biogas
while the port is open and that each port will hawsecured cover or cap.

» Construct in the cover at least three manway hattdeated along or near the center of the lagodh, w
each hatch having a secured cover or cap.

For biogas collection include all necessary coitet piping and other conducts to collect and cgrilie
generated biogas handling system. Biogas collegtititin the cover shall include a central collentmnduit
located along or near the centerline of the lag@msign the central collection conduit to allowyessmoval of
generated gas from the central portion of the lag@mnstruct the gas collection and handling pipuité
HDPE, stainless steel, or another department apgroethod.

The cover shall include a stormwater removal systerthat conveys collected precipitation to sumps or
includes drainage areas in the membrane within thacceptable leakage rate to allow stormwater to drai
into the lagoon [See 10 CSR 20-8.200(5)(A)3The distance between sumps should not exceeddity(50’).
Locate the sumps at all locations expected to aotatemstorm water.

11.4.3 Media Filters

Media filters in conjunction with lagoons will bparoved on a case by case basis.

11.4.4 Polishing Reactors

If retrofitting an existing cell of the lagoon tperate as a polishing reactor or if constructingnk as a
polishing reactor, see the design requirementsdtian 12.2.
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11.5 Surface Irrigation of Wastewater

11.5.1 Site Considerations

See section 11.1 of this rule.

11.5.2 Wetted Application Area

The wetted application area is the land area wisictormally wetted by wastewater applicatidhe wetted
application area must conform to the following crieria [See 10 CSR 20-8.200(6)(B)]:
* Flood-prone areas which flood at a frequency greatehan once every ten (10) years should not be
the only source of irrigation area,
* The wetted application area shall be established §& 10 CSR 20-8.200(6)(B)2.]:
= At least one hundred fifty feet (150" from existirg dwellings or public use areas, excluding
roads or highways;

= At least fifty feet (50') inside the property line;

= At least three hundred feet (300') from any sinkha, losing stream or other structure or
physiographic feature that may provide direct connetion between the ground water table and
the surface;

= At least three hundred feet (300') from any existig potable water supply well not located on
the property. Adequate protection shall be providedor wells located on the application site;
and

= One hundred feet (100" to wetlands, ponds, gainingtfreams (classified or unclassified,;
perennial or intermittent); and

« If an established vegetated buffer or the wastewatés disinfected, the setbacks established in
subsections (A-E) above may be decreased if the djgpnt demonstrates the risk is mitigated.

* Fencing is not required if the wastewater is desitéd prior to irrigation or if other suitable bars are
provided or if the wetted application area is lechin areas where public access is unlikiélgot
proposing fencing, the construction permit applicaion or the facility plan must provide the
method of disinfection being utilized, the suitabldarriers in place, or details on how public access
is limited and not expected to be present [See 1(BR 20-8.200(6)(B)3.].
= Suitable barriers include areas where is applinai@as located within areas with restricted access

fields reasonably not expected to have public piese

* Provide a minimum of one (1) sign on each siddnefdpplication area. The perimeter distance between
any two (2) signs should not exceed five hundred f800"). Each sign should clearly identify théune
of the facility and advise against trespassingitets not less than two inches (2") high.

11.5.3 Preapplication Treatment

At a minimum, treatment prior to irrigation shall p rovide performance equivalent to that obtained from
a primary wastewater lagoon cell designed and consicted in accordance with sections 11.1 and 11.2 of
this rule, except that the lagoon depth may be inetased to include wastewater storage in addition the
primary volume [See 10 CSR 20-8.200(6)(C)].
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Figure 11-1 Counties of Missouri

The size of storage basins shall be based on thesidm wastewater flows and net rainfall minus
evaporation expected for a one (1) in ten (10) yeaeturn frequency for the storage period selectedrad
meets the minimum storage days listed below [See O&R 20-8.200(6)(C)1.]Calculate the storage volume
for wastewater stabilization lagoons based on ssalble volume above the two-foot (2) level.

* The minimum total days’ storage required is sewg (75) days for no discharge facilities located
Scott, Stoddard, Butler, Dunklin, New Madrid, Petois Mississippi, McDonald, Newton, Jasper,
Lawrence, Barry, Stone, Taney, Christian, Greenb$é, Douglas, Ozark, Howell, Texas, Dent,
Shannon, Oregon, Ripley, Carter, Reynolds, Irondistan, Wayne, Cape Girardeau, Barton, Dade,
Perry, and Bollinger.

* The minimum total days’ storage required is nin@g) days for no discharge facilities located in
Vernon, Bates, Henry, St. Clair, Cedar, DallaskPdickory, Benton, Cooper, Morgan, Moniteau,
Miller, Cole, Camden, Laclede, Pulaski, Phelps, i#grOsage, Gasconade, Franklin, Jefferson, St.
Louis, Ste. Genevieve, St. Francois, St. CharldsGrawford.
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* The minimum total days’ storage required is onedned five (105) days for no discharge facilities
located in Cass, Johnson, Pettis, Platte, Jack¥ag, Ray, Lafayette, Carroll, Saline, Chariton,
Randolph, Howard, Boone, Callaway, Audrain, Moniealls, Pike, Lincoln, Warren, and
Montgomery.

« The minimum total days’ storage required is onedned twenty (120) days for no discharge facilities
located in Atchison, Holt, Andrew, Nodaway, Wor@entry, DeKalb, Harrison, Daviess, Grundy,
Mercer, Putnam, Sullivan, Linn, Macon, Adair, SclemyScotland, Clark, Knox, Lewis, Shelby,
Buchanan, Clinton, Caldwell, Livingston and Marion.

» Seasonal facilities. For facilities that only oper@ and generate flows from April through October
season, a minimum storage capacity of forty-five des shall be provided. For facilities that only
operate or generate flows from November through Mach, the minimum storage listed above is
required [See 10 CSR 20-8.200(6)(C)1.E.].

Facilities should consider increasing the minimuarage days by at least thirty (30) days to ensuficient
storage, if the facility:

* Employs a part-time operator,

« leases the irrigation fields,

e Has highly variable influent flow, or

* Experienced discharges.

11.5.4 Application Rates and Soils Information

The application rates for each individual site shdlbe based on topography, soils, geology, hydrology
weather, agricultural practice, adjacent land use ad application method [See 10 CSR 20-8.200(6)(D)].
Unless a soils report has been completed and apgyrtive maximum application rate for typical donwest
wastewater is twenty-four inches (24") of appliealstewater per year depending on soil charactesidtar
higher application rates than twenty-four inchesysar (24"/yr), submit a detailed site specifiside proposal
with additional soils and geologic information tesiify the proposed design. See section 1.5 foitiaddl
information.

Application rate. The application rate consists of an hourly applicatate in inches per hour and daily,
weekly and annual application rates in inchigsplication of wastewater shall not be allowed dung
periods of ground frost, frozen soil, saturated coditions, or precipitation events. The following shd
apply to design application rates [See 10 CSR 20280(6)(D)]:
* The hourly application rate should not exceed the &sign sustained permeability rate except for
short periods when initial soil moisture is signiftantly below field capacity. Do not exceed one-half
(%2) the design sustained permeability for slopes eseding ten percent (10%) on the hourly rate.
* Base the daily and weekly application rates on samoisture holding capacity, antecedent rainfall
and depth to the most restrictive soil permeability
= For facilities applying at twenty-four inches per year (24”/yr), the application rate cannot
exceed one inch (1") per day and three inches (3per week.
= For facilities applying above twenty-four inches peyear, the application rate cannot exceed
the values determined in the soils report and loadg design.
* Design the maximum annual application rate not toxceed ten percent (10%) of the design
sustained soil permeability rate for the number ofdays per year when soils are not frozen.
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* The application rate of applied wastewater cannotesult in runoff during or immediately
following application.

Provide a description of the crops or vegetatiobeg@rown for all systems in which vegetation i®¢can
integral part of the treatment system, includirigatface irrigation systems. The use of wastewater
irrigation of truck farms growing vegetables wibtrbe approved. Provide the following information:

» Compatibility of the crop with site characteristics

» Design hydraulic loading rates;

» Cultivation and harvesting requirements; and

* Crop management.

Consider the following in the design of the wast@warigation equipment:
* Minimize the formation of aersols with the selecspday application equipment;
» The size of the pumping system and distributionesysor the flow and operating pressure
requirements of the distribution equipment andapylication restrictions of the soils and topogsaph
« Make provisions for draining the pipes to preveaeting if pipes are located above the frost line.

Soils Information. For facilities applying more thawenty four inches per year, see section 1.5twls
reports.

« The wetted application area should have a soil imanhiat least five feet (5') overlying any sand or
gravel strata.

» Evaluate the topography of the site and adjacewt far areas of potential erosion. Consider theat$f
of both applied wastewater and storm runoff in désign and location. Special consideration shbald
given to the period of construction and systemgpawhen vegetative cover may be lacking or ndyful
developed.

Calculate the total nitrogen and total phosphopiake in the expected vegetation for applicatiot®eding
twenty-four inches (24”) per year.

* Nitrogen application rates cannot exceed the amaiumitrogen that can be utilized by the vegetatmn
be grown.

« Phosphorus can be present at levels that exceeddhbeequirement when applications are based on
nitrogen. An agronomic soil test is an index of gplworus availability. Phosphorus tests include the
Mehlich-3 solil test, the Bray-1 and the Olson RsteBhosphorus application rates should not exceed
one hundred eighty pounds per acre per year (l3@dke/year).

Consider the type and influence of any industriati@s contributed to the wastewater irrigatiordfidlypical
domestic wastewater does not contain amounts @ sabstances which are of concern for irrigation o
wastewater under this rule. Introduction of substgnsuch as excess sodium, chlorides, boron er oth
constituents, can have an adverse impact on suly@getation.

11.5.5 Grazing Deferments

The grazing of animals or harvesting of forage crops sHbbe deferred, as listed below, following
wastewater irrigation, depending upon ambient air emperature and sunlight conditions[See 10 CSR 20-
8.200(6)(E)]:
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* Fourteen (14) days from grazing or forage harvgduring the period from May 1 to October 31 of
each year;

» Thirty (30) days from grazing or forage harvestthging the period from November 1 to April 30 of
each year; and

Grazing of wastewater irrigated land is not recomdeel for lactating dairy animals unless there lena
much longer deferment period.

11.5.6 Public Access Areas

Disinfect wastewater prior to irrigation (not stgeg in accordance with section 11.2 of this rule.

The wastewater shall contain as few of the indicatamrganisms as possible and in no case shall the
irrigated wastewater contain more than one hundredwenty-six (126) Escherichia coliform colony
forming units per one hundred milliliters (126 cfu/ 100 ml) [See 10 CSR 20-8.200(6)(F)1.];

The public shall not be allowed into an area wherriigation is being conducted [See 10 CSR 20-
8.200(6)(F)2.]; and

For golf courses utilizing wastewater, all piping ad sprinklers associated with the distribution or
transmission of wastewater shall be color-coded andbeled or tagged to warn against the consumptive
use of contents [See 10 CSR 20-8.200(6)(F)®Recommended pipe coloring and labeling scheneebséed in
Table5.2.

Utilize the best management practices recommengdidedNRCS or University of Missouri Extension for
surface irrigation on slopes greater than ten perd®%). Best management practices include thtaliation
of terraces, planting adequate vegetation to redwoaff, and conducting soils tests at least ovez\efive
years(1/5yrs).

11.5.7 Alarm System

An automatic notification alarm system shall be intlled on the pressure monitoring system, on each
pivot and pump system, and be capable of notifyingn on-call operator when a fault occurs in the sysim
[See 10 CSR 20-8.200(6)(G)hclude on the alarm system pressure monitorirgase of line break or other
malfunctions that causes leaks.

11.6 Subsurface Dispersal Systems

11.6.1 Site Restrictions

Sites with seasonal high groundwater less thantiwfenir (24) inches deep may require drainage
improvements before being utilized. The design aytic conductivity at such sites is a function o tlesign
of the drainage system.
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Subsurface systems shall not be constructed in utlized fill and exclude soils that have been hidi
compacted and/or disturbed, such as old road bed&undations, etc [See 10 CSR 20-8.200(7)(A)1.].

The vertical separation between the bottom of theénch and a limiting layer, including but not limited
to, bedrock; restrictive horizon; or seasonal highwater table, shall be [See 10 CSR 20-8.200(7)(A)1.]
* No less than twenty-four inches (24”);
* No less than twelve inches (12”) for systems disggng secondary or higher quality effluent; or
* No less than forty-eight inches (48”) where karstdatures are present unless the site can be
reclassified.

Design dispersal trenches on slopes less thay fiercent (30%).

Adequate surface drainage shall be provided wherdapes are less than two percent (2%) [See 10 CSR
20-8.200(7)(A)3.].

Trenches may be required by the department torwklgzed if the soils have severely diminished timeent
capability due to excessive rock content; and

Surface and subsurface water diversion is requiretvhere necessary, such as a curtain or perimeter dira
[See 10 CSR 20-8.200(7)(A)4Ihtercept subsurface lateral groundwater movemdéhtavcurtain or perimeter
drain. A perimeter drain is completely surroundihg drip or leach field. A one to three sided aumrdrain can
also be used with the downhill side of the fielfd tpen.

11.7 Low Pressure Pipe (LPP) Subsurface Systems

11.7.1 Low Pressure Pipe Systems

A low-pressure pipe (LPP) system is a shallow, saressdosed soil absorption system with a networdodll
diameter perforated pipes placed in narrow trenches

11.7.2 Preliminary Treatment

Subsurface systems shall be preceded by preliminatyeatment; however secondary treatment is
recommended. For design of a secondary treatmentsgm, see Chapter 9 and section 11.2 [See 10 CSR
20-8.200(7)(B)].

11.7.3 Design

Loading rates shall not exceed the values assignked the site and soil evaluation [See 10 CSR 20-
8.200(7)(C)].

The LPP system shall be sized in accordance withéHollowing equations,Equation 11-2 and Equation
11-3[See 10 CSR 20-8.200(8)(A)1.]:
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Equation 11-2: A = 2
LTAR
A

Equation 11-3: L
Where:

A = Minimum LPP solil treatment area (square feet)
L = Minimum total length of LPP trench (feet)
Q = Maximum daily sewage flow (gallons per day)
LTAR = Long term acceptance rate (gallons per day @r square foot). This is the lowest
reported LPP soil loading rate between the soil sdiace and at least twelve inches (12”)
below the specified LPP trench bottom or as approwkby the department.

" 5feet

11.7.4 Distribution Network Design

Design the distribution network and network confagion to include, but not limited to, pipe lengtsd size,
exterior control panel and alarm information, aattalations used to determine dose volume, orffme
rates, dosing tank sizing and pump selection:

* All network piping and low pressure distribution piping and fittings with polyvinyl chloride
(PVC) shall meet ASTM Standard D 1785 Schedule 480, or 120 or equivalent rated to meet or
exceed ASTM D2466 [See 10 CSR 20-8.200(8)(A)3lpply watertight, rigid solid wall network
piping including the main, sub-mains, and manif&dperly place and support the pipes to prevent
sagging and damage under normal loads and operatimditions.

* Manifold design shall address freeze protection whe assuring uniform distribution and to
minimize drain down of laterals into other lateralsat a lower elevation between dosing events [See
10 CSR 20-8.200(8)(A)3.].

« Design lateral pipes to be three-quarter to twb@s(3/4-2") in diameter.

» Design the system so there is no more than a Bveept (5%) difference in flow rate between the
proximal and distal orifices on each distributiatekal. Design the system to ensure a minimum fluid
velocity of two feet per second (2fps) is maintaie the main and manifold piping during dosing.

» Design the system so there no more than a fiveepe(8%) difference in the flowrate between two
orifices in different distribution laterals thakeao be dosed simultaneously during a single dosuegt.

» Design laterals to include valves for adjustmerthefoperating distal pressure at startup to mesigd
specifications. Baseline measurements includingrreiting the gallons per minute with the design,
distal pressures/heights, and dose rates for fafpeeations, maintenance, and monitoring should be
measured and recorded.

* Provide accessible means of measuring design peessoperating head for both initial baseline
measurement and future monitoring of orifice cloggand other network operations.

* Provide a means of scouring or flushing distribotimterals.

11.7.5 Dosage

The dosing frequency shall be based on the soilsp@t and the dosing volume in zoned systems [See 10
CSR 20-8.200(8)(B)]Establish a dosing volume based on the soil loaditgfor each zone and to maximize
treatment by control of the instantaneous loadatg and dose frequency.
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* When a flow restrictive layer is present within tweeinches (12”) of the natural ground surface, the
each delivered doses no greater than one-eigl8h@fi.the daily design flow and at least threet{{®es
the void volume of the laterals during each tweloty- (24) hour period.

» For facilities with restrictive layer greater thiavelve inches( 12” of the natural ground surfacehe
delivered doses no greater than one-fourth (1/#hetaily design flow and at least five (5) tintles
void volume of the laterals during each twenty-f(4) hour period.

When time dosing, select the volume and frequea@nsure that dosing events are spaced uniformly

throughout a twenty-four (24) hour period to maxenresting between dosing events. Time dosed dsntro
should prevent premature dosing when less thaddle dose volume is present in the dosing tank.

11.7.6 Orifices and Orifice Shielding

Use orifices that are uniform, clean, and freellodi@l cuttings. Stabilize lateral pipes whenltng orifices to
prevent the pipes from moving and to ensure osfexe drilled perpendicular to the pipe.

Orifice flow may be calculated using the followiaguationEquation 11-4.

Equation 11-4:
Q=11.79x Bx+h
Where D = orifice diameter in inches; and
h = pressure head in feet

Size orifices to be no less than one-eighth in¢®’]land spaced a maximum of six feet (6" )aparnglthe
lateral.

The orifice number and spacing shall be designed farovide a distribution of no more than six square
feet per orifice with an orifice size of not lesshtan one-eighth inch [See 10 CSR 20-8.200(8)(C)B5pace
orifices a minimum of six inches from the end df thteral.

Specify the direction of orifices and the methoanfice shielding in the design and allow for wnih
pressurization and depressurization of the lateasid drain-back to prevent freezing.

Specify in the design how the wastewater orificdslve dispersed from the orifices with uniform wibution.
* When orifices are positioned up in the twelve atklposition, spray the wastewater stream against an
orifice shield, gravel-less chambers, or similaride.
* When orifices are positioned down in the six o’&@osition to facilitate draining after each dosing
cycle, provide a mechanism to disperse the waseswath as an orifice shield, a pad of gravel, or a
splash plate.

When orifice shields are used, they must be stemaygh to withstand the weight of the backfill dade
enough to protect the orifice from being pluggedybgvel.

If effluent is to be sprayed upward against thedbgravel-less chambers, document and follow the
manufacturer recommendations.
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The distal pressure shall be designed and maintaideat the end of each lateral to be no less than tweet
(2 ft) (0.87 psi) when using three-sixteenth inci8(16”) or larger diameter orifices, and no less tha five
feet (5 ft) (2.18 psi) when using orifices smallghan three-sixteenth inch (3/16”) [See 10 CSR 20-
8.200(8)(C)2.].

Design Pressure dosed systems with elapsed timersnetent counters, or flow meters capable of oreas
total flow to help determine flow rates and doskinees.
« Design time dosed systems to have control pangélsprbgrammable timers, manual pump operation or
hand- off- auto switches, test features, and abcayte, adjustable override settings.
* Adjustable override settings cannot exceed the digisign flow and the override volume cannot exceed
the dosing design of the downstream component.

Include the dosing tank size and the pump, extenatrol panel, and alarm information with the desialong
with the settings or means used to accommodatéd$e volume including any drain back to the dosamdy.

11.7.7 Trenches

Design LPP trenches to follow the contour of theugd.
Minimize compaction of the trench bottom, such atking in the trench.

Construct LPP trenches to be as level as possibten no case will the fall in a single trenchtoat exceed
one-half inch (1/2") in one hundred feet (100").

Design and construct LPP trenches with a minimurowf inches (4”) of backfill unless specified et
gravelless product manufacturer or professionainerey and specifically approved by the departmetit the
facility plan.

Design LPP trenches with clean pea gravel or aipproved aggregate rock and graded or sized bettvess
eighths inch and one inch (3/8” and 1"). Crushewktone and dolomite shall not be used. Finesraitedl to
one percent (1%) and do not use materials passenio. 100 sieve;
» Other aggregate material may be used in LPP trenamauding but not limited to, tire chips or chesl
glass when specified by the designer and spedifiagbroved by the department;
* When aggregate is used, design the trench witmamam of five inches (5”) of gravel below and a
minimum of two inches (2”) of gravel above the LRREerals;
« When aggregate is used, utilize a durable geogebeiiric to act as a barrier to permit passageabéw
and prevent passage of soil into the aggregate; and
* When gravelless dispersal trench products are alesiiyn LPP trench in accordance with the
manufacturer’s requirements.

11.8 Drip Dispersal Subsurface Systems

Drip dispersal systems are designed and operaiatbte the soil to provide final treatment of thastewater
prior to its introduction to groundwater. Disperaall treatment occurs via physical, chemical antbgical
processes within the soil and through evapotraaspir and nutrient uptake by plant matter.
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11.8.1 Preliminary Treatment

Drip Dispersal systems shall be preceded by preanyitreatment that at a minimum meets the manufacs
recommendations; however secondary treatment témiiee should be used. For design of a secondary
treatment system, see Chapter 9 and section Sit&surface systems shall be preceded by preliminar
treatment; however secondary treatment is recommeretl. For design of a secondary treatment system,
see Chapter 9 and section 11.2 [See 10 CSR 20-8(Z)®)].

11.8.3 Design

Consider all factors influencing the infiltrativagacity of the soil and the ability of the soil asitk to transport
ground water away from the drip dispersal applaraarea.

» It should be noted that the use of historical infation from existing systems installed and operated
similar soils, with documented loading rates, laage positions and design conditions similar to the
proposed system may be applicable.

* Exclude soils that have been highly compacted ardisturbed, such as old road beds, foundations, et
when evaluating suitable.

The design wastewater loading is a function of ipitation, evapotranspiration, design hydraulic doctivity
rate, nitrogen loading limitations, other constrtuading limitations, groundwater and drainageditions,
average and peak design wastewater flows, soitriferation rates, and the rate of nitrogen uptaksite
vegetation .

Design the application rate in gallons per daygograre foot (GPD/SF) based on the Soils Report stdzhper
Chapter 1.

11.8.4 Soils

It is desirable to have a minimum depth of twemnishies (20”) of undisturbed soil above a restrictieeizon
which may need to be increased as slope incre@bissis necessary to provide adequate installatepth and
buffer below the drip line.

Even if a soil meets the depth requirements it matybe suitable due to the texture and/or structéigesoil
shows signs of wetness within a depth of twenth&sc(20”) of the soil surface, it will most likelgquire a soil
improvement practice such as an interceptor or doawn drain.The location and size of the drains and
buffers must be factored into the total area requied for the drip dispersal system [See 10 CSR 20-
8.200(9)(A)2.].

The drip dispersal system shall be sized with the imimum soil treatment area and total length, in
accordance with the following equationskEquation 11-5 and Equation 11-6:

Equation 11-5:

Equation 11-6:
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Where:

A = Minimum soil treatment area (square feet (sq.t))

Q = Maximum daily wastewater flow (gallons per daygpd))

HLR= Maximum hydraulic loading rate determined in the soils report (gpd/sq.ft)
L = Minimum total length (ft)

11.8.5 Lines and Trenches

The drip dispersal lines shall be placed at depthsf six to ten (6-10") inches below the surface [S&®
CSR 20-8.200(9)(B)1.]The drip lines should be laid level and should with the contour.

Emitters and drip dispersal lines shall be placedma two foot (2’) spacing to achieve even distribudn of
the wastewater and maximum utilization of the soi[See 10 CSR 20-8.200(9)(B)2.].

Space trenches at least five feet (5’) apart otecenWhen trench spacing is greater than five(f&gta
maximum effective area of up to five square feet5t.) of soil treatment area per foot of trentay be
allowed.

Design trenches with clean pea gravel or otheragal aggregate rock and graded or sized betweee-thr
eighths inch and one inch (3/8” and 1"). Crushetektone and dolomite shall not be used. Finesraited to
one percent (1%) and do not use materals padseniyd. 100 sieve;

Other aggregate material may be used in trenchelsiding but not limited to, tire chips or crustgldss when
specified by the designer and approved in thdifiaplan by the department.
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Chapter 12: Supplemental Treatment

12.1 Post-Aeration

Post-aeration may be needed for facilities usirigrote disinfection or having to meet a minimumsdiled
oxygen effluent limit in the receiving waterbodydg®-aeration design may involve mechanical aeration
diffused air injection, or cascade type aeration.

12.1.1 Cascade Aeration

For Cascade Type Aeration, the effluent aeratiop beaachieved through a turbulent liquid-air inded
established by passing the effluent downstream eneer a series of constructed steps, or a roughce that
produces a similar opportunity for transfer of dised oxygen to the effluent.

Use the following equationgquations 12-1 and12-2, in the design of cascade type aerators:

Equation 12-1.
" = (G- Ca/(Cs-Cy)
Where:
r = Deficit ratio
C, = Dissolved oxygen saturation (mg/L)
C, = Dissolved oxygen concentration above the wesumed to be 0.0 mg/L
Cyp = Dissolved oxygen concentration in the effluentr the last or preceding step
n = The number of equal size steps

Equation 12-2.
r=1+(0.11) (ab) (1 + 0.046 T) (h)
Where:
T = Water temperature (°C)
h = Height of one (1) step (ft)
a = 1.0 for effluents
b = 1.0 for free fall and 1.3 for step weirs

The equationEquation 12-1, for determining the number of steps is dependpaoh equidistant steps; and, if
unequal steps are used, determine transfer efigerior each separate step.

Discharge the effluent over a sharp weir to provatea thin sheet of wastewater. Consider preveritieezing.

Install the final step of the cascade type aerabove normal stream flow elevation and protectctsrade
aerator from erosion damage due to storm watenagai or flood/wave action.

Provide multiple, variable speed pumps when pum@nmgecessary prior to discharge over the cascaideaa
unless pumping from flow equalization.
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12.1.2 Other Modes of Post-Aeration

Other methods of aeration may be utilized and melevaluated on a case-by-case basis by the degpartm

12.2 Polishing Reactors

Polishing reactors following lagoons and lagoonofés are being utilized to further reduce ammanighe
effluent. The reactor can be in a lagoon cell ca Beparate basin.

12.2.1 General

Provide an actual liquid depth between five fe8t@¢bmore than ten feet (10’) in a converted |lagdor
facultative polishing reactors.

Base the detention time on design flow and proaideast one day but no more than three days.

Consider post-aeration following facultative poirgihreactors to meet effluent dissolved oxygen irequents,
due to the depletion of oxygen in facultative reest

Install the influent line discharge below the liduevel of the reactor near the edge of the reaatdyankment
opposite the effluent structure to prevent shaxttiiing and to provide maximum detention time.

Provide a surface loading rate not to exceed skuadred gallons per square foot per day (700 gpétjsq

Sludge should not be present in the polishing oeabbwever include provisions to facilitate sludgenoval.

12.2.2 Design

The process shall [See 10 CSR 20-8.210(2)(A)]—

* Be sized using less than two tenths a pound TKN pene thousand square feet per day (0.2 Ibs
TKN/1,000 ft?/day) for nitrification;

* Provide a minimum hydraulic retention time of three (3) hours;

* Be based on actual influent characteristics intohe reactor of;

» Removal of oil, grease, scum, grit and floating dets; and
» Sized for a Biochemical Oxygen Demand loading of nmore than forty eight pounds per one
thousand cubic feet per day (48 Ibs BOD/1,000 cf/gg

* Provide sufficient alkalinity with a minimum residual of fifty milligrams per liter (50 mg/L) in the
effluent or include chemical treatment;

* Include cold weather provisions, including heatersinsulated covers, installation of temperature
controlled enclosures for above-ground component® fprevent freezing and to ensure ammonia
removal; and

» Provide a blower malfunction alarm able to notify he operator of alarm activations through
audio-visual means.
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12.3 Filtration

This section covers tertiary filtration used to mam suspended solids, nutrients, precipitated s\atabdrganic
ions, or synthetic organic compounds following cemyonal secondary treatment.

12.3.1 Additional Treatment

Filtration systems shall be preceded with additionbprocess, such as chemical coagulation and
sedimentation or other acceptable process, when [&&0 CSR 20-8.210(3)(A)]:

» Permit requirements for suspended solids are leshan ten milligrams (10 mg/l);

« Effluent quality can be expected to fluctuate sigtiicantly;

» Significant amounts of algae will be present; or

* The manufacturer recommends.

12.3.2 General Design

Provide a uniform filtration rate with a maximumfafe gallons per minute per square foot (5 gpfét
surface area at design average flow.

Provide equipment for the application of chemidalthe filter influent when necessary to enhanspsoded
solids removal and minimize biological growth witlthe media.

Provide multiple unit operations for filtration &low for continuous operation and operational afaitity for a
system with an average design of one hundred thougallons per day (100,000 gpd) or greater.

Provide an operating head loss less than ninetepef90%) of the filter media depth.
Provide each filter with a means of individuallyntmlling the filtration rate.

Provide effluent filter walls with adequate freelmabove the media, which do not protrude intofitler
media.

Apply the incoming flow uniformly to flooded medznd in such a manner as to prevent media displateme

Cover the filter by a superstructure if necessageu local climatic conditions. Provide head roanadequate
access to allow visual inspection of the operatismecessary for maintenance.

Filtration systems shall be designed and construatewith [See 10 CSR 20-8.210(3)(B)1.]:
» Convenient access to all components and the mediarface for inspection and maintenance
without taking other units out of service;
* Enclosed controls and heating and ventilation equipent to control humidity; and

* At least two (2) units with the capacity to handléghe maximum wastewater flow with the largest
unit out of service.

Equip filters with, as applicable and per manufeamts recommendations:
« Washwater troughs;
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* Flow control for effluent rate;

* Measurement and positive control of backwash rate;

* Means to shut off flow to filter during backwash;

* Filter influent and effluent sampling points;

« A manual override for automatic controls and eaclividual valve essential to the filter operation;

* An underdrain system to uniformly distribute backWwavater (and air, if provided) without clogging
from solids in the backwash water;

* A method for periodic chlorination of the filterfinent or backwash water to control slime growiuscl

» Pressure filters with convenient access to the afeditreatment or cleaning.

Redundancy. Comply with Chapter 5 for filtratiors®ms requiring power.

Drain line. Equip each filter unit with a draindirat least six inches (6”) in diameter capablerairdng the
basin to the headworks.

Flocculation. For filtration systems requiring coagulation and flocculation prior to the filtration, t he
flocculation system shall [See 10 CSR 20-8.210(3)28:
* Include chemical feed equipment to meet the systemanticipated design flow and the ability to
proportion chemical feed rates;
» Ensure the rapid dispersion and mixing of chemicalshroughout the wastewater by providing
mechanical or in-line static mixers; and
* Should include a minimum of two (2) flocculationsb@s, each with a:
= Method to control the speed of the paddles; and
= Drain line at least six inches (6”) in diameter @ble of draining it to the head of the facility.

12.3.3 Backwash

Provide enough capacity to backwash all filters.

Provide a filter backwash rate of at least twergtjoms per square foot per minute (20 gpfhfitr fifteen (15)
minutes, consistent with wastewater temperaturdstanspecific gravity of the filter media. When sgour is
utilized, the backwash water rate can be reducéiftéen gallons per minute per square foot (15 ffino
allow the rate during air scour to be set at thienmom rate necessary to remove scoured partiobes filter
media surfaces. For cloth or disc filters, provédieackwash rate of at least six gallons per mipatesquare
foot (6 gpm/ff). The backwash rate may be reduced in accordaitbehe demonstrated capability of other
methods, such as air scour, provided for cleanfriidter media or based on the manufacturer’s
recommendations and test data.
* Provide two (2) or more backwash pumps so thab#o&wash flow rate is maintained with largest
pump out of service.
* Proved duplicate backwash waste pumps, each va#pacity exceeding the design backwash rate by
twenty percent (20%), as necessary to return bastkiwathe upstream unit operations.

Size the backwash control, or valves, as providethe main backwash water line, so that the desigmof

filter backwash is obtained with the control orweakettings for the individual filters approximatét a full
open position. Provide a means for air release émtvihe backwash pump and the wash water valve.
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Air scouring, if provided, should maintain threefitee cubic feet per minute per square foot (343nefft®) of
filter area for two (2) to three (3) minutes preogdbackwash at the design rate.

* Follow air scouring by a fluidization wash to resgify the media.

* Place the air scour distribution system at or betttevmedia and supporting bed interface; if plaated
the interface, design the air scour nozzles togaremnedia from clogging the nozzles or enteringdine
distribution system.

* Do not use flexible hose which may collapse whetnumaler pressure or relatively soft material which
may erode at the orifice opening with the passdgar @t high velocity for the air distribution ggsn.

* Install a minimum of two ant-seepage collars schies apart when the air delivery piping passes down
through the filter media. Extend the anti-seepaiilas three inches out from the pipe and contisyou
around the entire circumference of the pipe. Degigorevent short circuiting.

Provide water scour system flow rates in the rasfdelf a gallon per minute per square foot to tyatlons per
minute per square foot (0.5-2.0 gprfy/fif filter surface area.

Locate the bottom elevation of the channel or tbihe weir above the maximum level of expanded medi
during back washing. In addition provide:
* A backwash withdrawal arrangement for optimizingnoeal of suspended solids;
* Atwo-inch (27) filter wall freeboard at the maximudepth of backwash flow above the filter media;
* Alevel top or edge to provide a uniform loadinggppm per foot of channel or weir length; and
* An arrangement of collection channels or weirsrtwvgle uniform withdrawal of the backwash water
from across the filter surface.

Disposal of Backwashed Material.
» Re-filter liquid filter backwash or return it togtwastewater treatment facility headworks or to the
influent lift station.
* Pump solid filter backwash material to the influgfttstation, the headworks, the digester, orrotaer
location approved for processing.

12.3.4 Deep Bed Filters

Install a deep bed filter structure with a minimdepth of eight and half feet (8.5’) as measurethftbe
normal operating wastewater surface to the bottbtheounderdrain system. The structure should pl@for a
minimum applied wastewater depth of three feet €3’ measured from the normal operating wastewattce
to the surface of the filter media.

Porous plate and strainer bottoms are not recometkite design of manifold type filtrate collection or
underdrain systems shall [See 10 CSR 20-8.210(3)1Q)
e Minimize loss of head in the manifold and baffles;
* Provide the ratio of the area of the underdrain orfices to the entire surface area of the filter med
at about 0.003;
* Provide the total cross-sectional area of the latats at about twice the area of the final openings;
* Provide a manifold which has a minimum cross secti@l area that is one and half (1.5) times the
total area of the laterals; and
* Should assure even distribution of wash water amdifarm rate of filtration over the entire areatoé
filter;
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Provide a means of surface washing unless othemsrefanedia agitation are available during backwasie
disinfected wastewater effluent or filtered watgrsarface wash waters. Provide revolving type serf@ashers
or an equivalent systerAll rotary surface wash devices shall [See 10 CSR-38.210(3)(C)2.]:
* Provide a minimum wash water pressure of forty pouds per square inch (40 psi);
* Provide adequate surface wash water to provide hatb one gallon per minute per square foot
(0.5-1.0 gpm/ sq ft) of filter area.

Install deep bed filters with:
* Aloss of head gauge,;
e Arate of flow gauge;
« Arate of flow controller of either direct actingdirect acting, constant rate, or declining raeet and
« Arate of flow indicator on the main backwash waditee, located so that it can be easily read by the
operator during the backwashing process.

12.3.5 Shallow Bed Filters

The shallow bed filtration rate should not excered and a fourth gallons per minute per square(fb@6 gpm/
sq ft) of filter area at average design flow.

The shallow bed filter shall [See 10 CSR 20-8.210(@)2.]:

* Not exceed two gallons per minute per square foo2 (gpms/ sq ft) of filter area at average design
flow;

* Provide multiple unit operations to allow for continuous operability and operational variability;

* Include filter media consisting of a series of upa eight inch filter increments having a minimum
total media depth of eleven inches (11”). For sanehedia, use an effective size in the range of 0.40
mm to 0.65 mm and a uniformity coefficient of 1.5 oless;

* Include inlet ports located throughout the length dthe filter.

» Provide an underdrainage system along the entire hgth of the filter so that filter effluent is
uniformly withdrawn without clogging outlet openings.

* Have a traveling bridge mechanism which provides faport and access to the backwash pumps
and equipment; is constructed of corrosion resistammaterials; provides for consistent tracking of
the bridge; provides support of the power cords; ad initiates a backwash cycle automatically
when a preset head loss through the filter media oars.

12.3.6 Pressure Filtration

For pressure filter operation. The design shoudige for:

* Pressure gauges on the inlet and outlet pipesobf fdter to determine loss of head;

* A conveniently located meter or flow indicator wahppropriate information to monitor each filter;

« The means for filtration and backwashing of ealtbrfindividually, using a minimally complex
arrangement of piping;

* Flow indicators and controls convenient and acbés$or operating the control valves while reading
the flow indicators; and

* An air release valve on the highest point of eatér f

Install the top of the wastewater collection chammmeveir at least 18 inches above the surfach@iedia.
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Provide an underdrain system to uniformly and edfily collect filtered wastewater and distribute t
backwash water at a uniform rate, not less thaeeif gallons per minute per square foot (15 gpnfi) s
filter area. Provide a means to observe the wasarwlaring backwashing.

Provide minimum sidewall heights of five feet () each filter. A corresponding reduction in siddviheight
is acceptable where proprietary bottoms permitecgda of the gravel depth.

Provide an accessible manhole when necessaryilitef@cinspections and repairs.

12.3.7 Cloth/Disc Filters

Media Design. The media shall [See 10 CSR 20-8.23JE)1.]:
* Have an average pore size of cloth or disk filter edia no larger than thirty (30) microns;
* Follow the manufacturer's recommendations, considéng frequent pressure changes to determine
thickness
« Be disinfectant-resistant if the filter will be exmsed to disinfectants; and
* Be chlorine-resistant if the filter will be exposedo chlorine.

Filtration Rates and Hydraulics. The design shall:

« Base the filtration rate on the effective submergedurface area of the media.

* Provide a maximum filtration rate for peak flow not more than six and half gallons per minute
per square foot (6.5 gpm/sq ft) of submerged mediand

* Be able to treat the design flow rate with one (I)lter unit in backwash mode [See 10 CSR 20-
8.210(3)(E)2.]; and

* Should account for variability if the submergedface area of the media varies based on the opeahtio
mode.

Monitoring and Controls. Operate cloth or diskefit with an automatic control system that inclugesual
override capability. Provide each filter unit wahhead loss gauge or readout.

12.3.8 Rotary Drum Filters

Reserved.

12.3.9 Ultrafiltration

Ultrafiltration uses a membrane barrier to exclpddicles in the range of ten nanometers to oneligh
nanometers (10-100 nm or 0.01-0.1 microns), inclgdiacteria, viruses and colloids. Treatment ofl feor
to the membrane is essential to prevent damadetmembrane and minimize the effects of foulingolhi
greatly reduce the efficiency of the separation.

Pre-treatment. Types of pre-treatment are ofteridgnt on the type of feed and its quality, antuohe pH
adjustment and coagulation.
* Appropriate sequencing of each pre-treatment pisas®icial in preventing damage to subsequent
stages. Pre-treatment can even be employed simjlyg dosing points.
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« The water quality into the ultrafiltration unit@ependent on the type of filtration unit providéal{ow
fiber, spiral-wound, or ceramic tubular) and widad to meet the manufacturer’s specificatidiable
12-1 provides the range of the design basis for tHeent parameters.

Table 12-1: Ultrafiltration Influent Parameters

Parameter Units Design Basis
Turbidity NTU <50
Total Organic Carbon mg/L <10
Particle Size Micron <150
Chemical Oxygen Demand | mg/L <20
Oil & Grease mg/L 0

pH SU 3.0-7.0
Temperature C 25
Total Suspended Solids Mg/L 50
Total Dissolved Solids Mg/L <500
Iron Mg/L <5
Solvents, phenols Mg/L <0.1

12.3.10 Weather Resistance

Protect filter systems from the environment.

12.4 Microscreening

12.4.1 General

Applicability. Microscreening units may be usedd@ling a biological treatment process or as pathef
preliminary treatment process for the removal sfdeal suspended solids. Selection of this ummitess
should consider final effluent requirements, th@dgical treatment process and anticipated consigtef
biological process to provide a high quality effitie

Design considerations. Pilot testing on existingpselary effluent is encouraged.

* Where pilot studies so indicate, where microscrdeli@w trickling filters or lagoons, or where aiffnt
suspended solids requirements are less than t¢m@Q, provide a pretreatment process such as
chemical coagulation and sedimentation.

» Care should be taken in the selection of pumpingpegent ahead of microscreens to minimize shearing
of floc particles.

* Include flow equalization facilities to moderaté&cnascreen influent quality and quantity.

12.4.2 Screen Material

The microfabric shall be a material demonstrated tde durable through long-term performance data
[See 10 CSR 20-8.210(4)(A)kelect the aperture size considering removalieffaes, normally ranging from
twenty to thirty-five (20-35) microns. The use dbptesting for aperture size selection is recomdea.
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12.4.3 Screening Rate

Select the screening rate to be compatible witliaa pilot test results and selected screen apesize, but
no more than five gallons per minute per squaré @gpm/sq ft) of effective screen area basechen t
maximum hydraulic flow rate applied to the units.

The effective screen area is considered the sulatiestyeen surface area less the area of screewetllby
structural supports and fasteners.

The screening rate is that rate applied to thesumith one (1) unit out-of-service.

12.4.4 Backwash

All backwash shall be recycled for treatment [See(L.CSR 20-8.210(4)(B)].
Provide adequate backwash volume and pressursiceamaintenance of fabric cleanliness and flovaciyp.

Provide equipment for backwash of at least eighoga per minute per linear foot (8gpm/If) of sandength
and sixty pounds per square inch (60 psi).

Continuously supply backwash water by multiple pampcluding one (1) standby and obtain the backwas
water from microscreened effluent.

Control the rate of return of waste backwash watéreatment units so that the rate does not exiifiedn
percent (15%) of the design average daily flow tatéhe treatment facility.

Consider the hydraulic and organic load from wastekwash water in the overall design of the treatme
facility.

Where waste backwash water is returned for treatimepumping, provide adequate pumping capacit wit
the largest unit out-of-service.

Provide a means to measure backwash flow.

12.4.5 Appurtenances

Provide each microscreen unit with automatic drpeesl controls, provisions for manual override, pasg
weir with an alarm for use when the screen becdstieded to prevent excessive head developmentjagahs
for de-watering the unit for inspection and maiatece.

Segragate bypassed flows from water used for bastkvwg.
Provide equipment for control of biological slimegths.

Restrict the use of chlorine to those installatioere the screen material is not subject to darbgdke
chlorine.
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12.4.6 Reliability

Provide a minimum of two (2) microscreen units,heanit being capable of independent operation. idecand
maintain a supply of critical spare parts. Enclabenits and controls in a heated and ventilateacture with
adequate working space to provide for ease of maantce.

12.5 Chemical Addition

Wastewater treatment uses chemicals in varioussoonaid in sedimentation, nutrient removal, pHiatipent,
corrosion and odor control, disinfection, and skitdgpsolids conditioning. Determine appropriateroloals
and feed ranges based on pilot studies or datadrotoperations treating design flows of wastewate
domestic wastewaters of similar characteristicggoic levels, metal concentrations, etc., withienty-five
percent (25%) of proposed design). Comply withrégiirements in section 5.7 for chemical handling.

12.5.1 Chemically Enhanced Sedimentation

The criteria in the subsections above applies ditiah to the following—

* Include low velocities downstream of flocculatiggnerally less than or equal to half a foot peosdc
(0.5 fps), to avoid sheering the floc;

* Provide for increased sludge volume in the tanksng, and sludge handling equipment and impacts on
digestion;

* Provide multiple coagulant and flocculant injectmwints in piping or channel before the sedimeatati
process;

» Rapidly and uniformly mix each chemical with thevil stream. Where separate mixing basins are
provided, equip them with mechanical mixing deviaad a detention period of at least thirty (30)
seconds;

* Provide adjustable flocculation methods or equipnenrder to obtain optimum floc growth, control
deposition of solids, and prevent floc destruction.

* Provide a velocity through pipes or conduits frdat¢ulation basins to settling basins of less tha@
and half feet per second (1.5 fps) in order to mire floc destruction. Design entrances to settling
basins to minimize floc shear.

* Provide automated control of coagulant and floauiudaldition with dosing parameters based on design
flow.

* Provide automated chemical dosing for pH adjustroéetfluent to compensate for the potential pH
reduction caused by some coagulants and floccyldsisch coagulants and flocculants are proposed o
may be used.

» Consider the type and volume of sludge generatdaskanige density and compaction in chemical
sludge pumping designs.

12.5.2 Acids

Acids shall [See 10 CSR 20-8.210(5)(A)]—
* Be keptin closed acid resistant shipping containsror storage units;
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* Be pumped in undiluted form from original containers through a suitable piping to the point of
treatment or to a tightly sealed, vented and coveteday tank not handled in open vessels; and

* Not be stored in the same area as sodium chloritend sodium chlorate solutions or in chlorine
feed or storage rooms or in any area that may be f&fcted by a chlorine gas leak or vapors from
chlorine solutions or compounds.

12.5.3 Carbon Dioxide

Carbon dioxide gas is a colorless odorless gas.

Provide recarbonation basin design with:
¢ A minimum detention time of twenty minutes; and
« Two compartments, each with a depth of eight f@efollows:
= A mixing compartment having a detention time oleaist three minutes; and
= A reaction compartment.

If a carbon dioxide solution is added and rapidingxs provided, total detention time and basintdgpnay be
reduced.

Plants generating carbon dioxide from combustion shll have open top recarbonation tanks in order to
dissipate carbon monoxide and carbon dioxide [Sed®ICSR 20-8.210(5)(B)]Give special consideration to
building ventilation when open recarbonation taakeshoused in a building.

Where liquid carbon dioxide is used, provide adégpaecautions to prevent carbon dioxide from emgethe
facility from the feed lines or recarbonation pregeSince liquid carbon dioxide is a cryogenic and
compressed gas, follow the recommendations of tmpessed Gas Association Inc. when specifyingagtor
and feeding facilities.

Provide a means for draining recarbonation basids@moving residuals.

12.5.4 Copper Sulfate

Evenly distribute copper sulfate, when used, taiooously or periodically kill algae or other grdvet Prevent
copper concentrations more than the water qudbtydard in the facility effluent. Provide equipmént
routine sampling to assure that over treatment doesccur.

12.5.5 Lime or Lime Soda Process

Hydraulics. When split treatment is used, proviue bhypass line sized to carry total facility floand an
accurate means of measuring and splitting the flow;

Chemical feed point. Lime should be fed directlpithe rapid mix basin and provided 30 secondsndiete
time with adequate velocity gradients to keep ime Iparticles dispersed.

Select coagulants that function in the high pH wateountered during lime addition. Aluminum sudféalum)
in any of its forms does not function adequatelgtdtabove 8.0.
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Where slaking of quick lime is proposed, consither designed capacity of the treatment facilities.

Manufactured lime slakers are generally sized ystesns with designed flows of one thousand galfmers
minute (1,000 gpm) or greater, and should not bpgsed for a designed treatment capacity smaker dime
thousand gallons per minute (1,000 gpm).

Provide hydrated lime feeders for systems withsigied treatment capacity smaller than one thougathoins
per minute (1,000 gpm).

Iron and manganese removal is not always incidéataine addition. When the wastewater contains
concentrations of iron or combined concentratidnsom and manganese of twenty milligrams per (&9
mg/L) or greater or contains organic bound iromanganese, additional treatment processes mayeoedeo
assure adequate removal of the iron or manganese.

12.5.6 Phosphorus Removal

Method. Addition of lime or the salts of aluminumimn may be used for the chemical removal of sigu
phosphorus. The phosphorus reacts with the cala@luminum or iron ions to form insoluble compounds
These insoluble compounds may be coagulated wititbhout the addition of a coagulant aid such as
polyelectrolyte to facilitate separation by seditagion or sedimentation followed by filtration.

Dosage. Include the amount needed to react witbtibsphorous in the wastewater, the amount needed t
drive the chemical reaction to the desired staoaipletion, and the amount needed to overcomengnioa
dispersion inefficiencies in the design chemicaale. Avoid excessive chemical dosage.

Chemical selection. Base the choice of lime orsidlés of aluminum or iron on the wastewater charéastics
and the economics of the total system.

« When lime is used it may be necessary to neutrdiezdigh pH prior to subsequent treatment in
secondary biological systems or prior to dischang@ose flow schemes where lime treatment is the
final step in the treatment process.

« Evaluate problems associated with lime usage, mandind sludge production and dewatering.

Filtration. Consider effluent filtration, such agthvgranular media filters or membrane separatmhnologies,
where effluent phosphorus concentrations of leas ttalf a milligram per liter (0.5 mg/L) are expestt

12.5.7 Safety and Hazardous Chemical Handling

Comply with section 5.7.

12.5.8 Sludge Handling

General. Consider the type and additional capaditile sludge handling facilities needed when cloafsiare
used.

218



DRAFT Supplertad Treatmen 12

De-watering. Base the design of de-watering syst@resre possible, on an analysis of the charatteyisf
the sludge to be handled. Consider the ease ohtpe, effect of recycle streams generated, produicate,
moisture content, de-waterability, final disposad @perating costs.

12.6 Carbon Adsorption

Carbon adsorption involves the interphase accumunlar concentration of dissolved substances atface or
solid-liquid interface by an adsorption processtivated carbon, which is generally a wood or cdedrc
developed from extreme heat, can be used in powderm (PAC) or granular form (GAC). Carbon adsmpt
is used as the polishing process to remove disdaxganic material remaining in a wastewater tictédea
secondary or advanced level. Activated carbon g@tisorcan also be used for dechlorination.

12.6.1 General

Parameters with general application to design di@aadsorption units are carbon properties, cotitae,
hydraulic loading, carbon particle size, pH, tenapere and wastewater composition, including comeéinns
of suspended solids and other pollutants.

Establish the adsorption characteristics of the tyjpcarbon to be used. Such characteristics magtablished
using jar test analyses of various activated caghomeaction with the waste to be treated. Deteemi
adsorption isotherms for each form of carbon preddsr use. Consider the source and availability of
replacement carbon.

Where industrial wastes are present, perform ptiadies upon the selected carbon using the wasteteabe
adsorbed to determine: breakpoint, exhaustion catgact time to achieve effluent standards; amgbyflicable,
backwash frequency, pressure drop through the fdeelddcolumns, and the carbon regeneration capathgre
strictly domestic waste is to be treated, data fsimlar full scale unit operations or pilot datél e
acceptable.

Normal carbon loss due to transportation betweercthiumns and regeneration furnace is in the rahfjee

to ten percent (5-10%) total carbon usage. Estaliis rate at which carbon will lose adsorptionacdiy with
each regeneration.

Consider two carbon adsorption units operated rallgh or series for continuous operations. Presdfficient
capacity to allow for continuous operability of tt@bon adsorption process.

Provide for purging with chlorine or other oxidaatsnecessary for odor and bio-mass control.

12.6.2 Design

The carbon adsorption unit should have a minimuightéo diameter ratio of 2:1.
Design to promote aerobic conditions in the filters

Provide a media depth of ten to forty feet (10')40’
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Base the flow rate on average daily flow. Upflowéfilters are typically designed for a flow ratedel0 gpm/
sf and 3-5 gpm/sf for down flow type filters.

Provide a minimum contact time of fifteen minut&$ (inutes). The normal detention time is fifteenhirty-
five minutes (15-35).

Design the backwash system to remove all of theigarmaterial collected during the filter run. Opsan
upward flow of 12 to 20 gpm/sf, or a ten to fiftgrpent (10-50%) bed expansion.

Provide for expansion of the bed by at least thpeycent (30%) when fixed-bed GAC carbon columresirie
be backwashed to remove solids entrapped in thmoanaterial.

Provide nonfixed bed carbon adsorption units, dpegan upflow or downflow mode, with duplicate ppimg
units.

12.7 Side-Stream Nutrient Removal

Reserved.

12.8 Diffusers

Effluent multi-port submerged diffusers can be eceptable means of ensuring mixing zones will awsid
allow no more than a minor detrimental effect ineva designated as habitat for a threatened omgedad
species. A multi-port diffuser consists of a hegalpe containing two or more ports (with or withoisers)

discharging in any orientation and may include waed other atypical arrangements.

12.8.1 General

Provide computer dilution modeling (e.g. CORMIX)juistify that water quality standards will be mettee
boundaries of acute and chronic mixing zones. Gahthe computer dilution models to actual condgiin
the field and include all critical flow and loadisguations expected for the facility, including tlow flow
conditions on the waterbody in the analysis.

For diffusers being installed at existing facil#tiehe existing outfall is to remain until the dger is installed
and the existing outfall is to be removed oncediffeser is installed and operational.

The diffuser header length (i.e., first port ta lasrt) should not be greater than twenty-five patq25%) of
the stream width (or lateral distance correspontbngventy-five percent (25%) of the cross-secti@raa).
The mixing zone shall not encroach on a drinking wr intake, recreation area, or sensitive habitat,
overlap the next downstream outfall, or occlude aawnstream tributary [See 10 CSR 20-8.210(6)(A)1.].

Submit copies of the Summary of Design, facilitgrpbnd design drawings to US Fish and Wildlife ®erv
and US Army Corps of Engineers. Demonstrate theesysomplies with the requirements of all other
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regulating agenciegnstallation of the diffuser will require notificat ion and an Army Corps of Engineers
permit [See 10 CSR 20-8.210(6)(A)2.].

12.8.2 Diffuser Design Criteria

Identify the pipeline from the treatment facility the receiving waterbody on the plafike pipeline shall be
contained within approved property boundaries or eaements [See 10 CSR 20-8.210(6)(B)1dentify the
specific location of the submerged diffuser witshareline marker.

Locate the feeder pipeline and diffuser header sughthe pipeline can be accessed for monitonm a
maintenance. Access points to the receiving wdieuld be within close proximity to the diffusergferably
upstream.

Design the diffusers to compensate for the geonwogly along the proposed outfall route and diffuses
including stability and mobility of the bottom, &pated scour and deposition, flood conditiong] ather
potential hazards to the diffuser (e.g., dredgragreation or commercial uses, seasonal debris)oad

Specify a durable material that will provide a dstent cross section throughout its service liflediffuser pipe
and ports. Ports constructed of carbon steel,lstarsteel, and high-density polypropylene haveahstnated
suitable service for multi-port diffusers. Whenlzam steel is used, provide a coating or corrosilmwance.

Design a diffuser pipe velocity of at least twotfper second (2 fps) at peak flows. Individual p@tocities

will exceed two feet per second (2 fps) at avedrgeveather flowsMaximum port velocity shall not exceed
fifteen feet per second (15 fps) [See 10 CSR 20-B)%)(B)2.].

12.9 Electrocoagulation

Electrocoagulation is a proven and acceptable mefanastewater treatment, especially with induktria
wastewater. However, only limited use has been m&ectrocoagulation for domestic or municipal
wastewater treatment, both in Missouri and the é¢htates as a whole. Electrocoagulation systethbavi
evaluated on a case-by-case basis. Design standaetating data, and experience for this processaat well
established for use in domestic wastewater. Thezebmase the design of these systems on exper¢isaailar
full scale installations or thoroughly documentedtptype testing with the particular wastewater.

12.10 Reverse Osmosis

Reverse Osmosis is a proven and acceptable meavestdwater treatment, especially with industrial
wastewater. However, only limited use has been madeverse osmosis for domestic or municipal waater
treatment, both in Missouri and the United Statea whole. Reverse Osmosis systems will be evaluatea
case-by-case basis. Design standards, operatiagadat experience for this process are not wedbéished.
Therefore, base the design of these systems omiespe at similar full scale installations or thoghly
documented prototype testing with the particulastewater.
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Chapter 13: Manure Storage Design Regulations

13.1 Permit Application Documents

Applications for a construction permit for eartHeasins need to have one (1) set of documents tedan this
section for department approval as part of thetcoatson permit application process. Applicants vare not
constructing earthen basins and are seeking atopgpermit should develop and maintain these chacus
and submit those required in 10 CSR 20-6.300. Higineering documents should provide the basic
information, present design criteria and assumptieramine alternate systems, where appropriatep@vide
plans and specifications. The documents shouldiatdode process description, sizing, data, coltigl
assumptions, and considerations for the functioparation of an animal waste management systdim.
engineering documents shall be prepared by or undehe direct supervision of a registered professiora
engineer licensed to practice in Missouri [See 10SR 20-8.300(2)]The department will not examine the
adequacy or efficiency of the structural, mechdnmaelectrical components of the animal waste agament
systems, only adherence to rules and regulations.

13.1.1 Engineering Report

The following paragraphs list requirements for thatent of the project engineering report to bastted to
the department for review and approval:

Title page. Title of project, date, operation’s rmaamd address, name and address of firm prepdw@ngeport,
and seal and signature of the engineer.

Narrative project summary. Provide an explanatibany existing conditions at the operation and @msary
of the proposed modifications to the operation.

Summary of design. Include the design data, cdiouls, all assumptions, and all relevant informatised to
justify the design. Include the following items:

* Each animal type and number within the producti@aathe maximum design animal capacity, and the

average weight for each animal type;

* A detailed explanation of the process by which nmmamsideposited, handled, managed, and transferred

within the operation;

» Calculations showing the estimated annual amountasfure generated at the production area and
wastewater flows with average rainfall. Where polgsibase design manure volume on past operating
records or operating data from facilities with danfeed inputs and animal characteristics. Include
documentation of these volumes. If operating dataot available, estimate the design manure volume
using the most recent edition of a research basfedence and include the reference name, editrah, a
data;

» Design calculations justifying the size of manu@age structures. This includes safety volumeagi®
volume, total storage capacity, design storagedeend treatment volume. For waste treatment
lagoons, base the volume of treatment on the gpbga region of the proposed structure and cateula
the volume using the most recent edition of a iebebased reference including the reference name,
edition, and data;

» Stage-storage tables on at least one-foot (1®ments for all earthen basins with design operating
depths (elevation of lower and upper pumpdown Bwvakearly identified,;
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* Methods of collection, treatment, and disposalllofl@mestic wastewater flows associated with the
operation; and

» If applicable, justifications for constructing anaovered manure storage structure. Covered stoeages
preferred due to the lower risk of environmentahdge from excessive rainfall.

Soils report/soils information. Provide county sairvey information including a soils map showing
approximate boundaries of the different soils, seiies names, soil textural classes, and physiogkrties to
define the characteristics of soils in the produrctireas. Include any soil boring or test pit liogthe report;
and

Operation and maintenance plan. Provide an operatid maintenance plan to explain the key operating
procedures minimally addressing the operation aamt@nance of mechanical equipment.

13.1.2 General Layout Drawings

Include both an aerial and a topographic map owigigathat shows the spatial location and exterihef
production area. Include a scale preferably ofiank (1) per one thousand feet (1,000"), a nontéctional
arrow, a fixed geographic reference point, andddte the drawing or map was completed. Include the
following on each drawing or map:

« All confinement barns, open lots, manure storagd,@ntrol structures, along with the other various
components of the operation such as areas desigfwaitstockpiling, composting, and for the
management of animal mortalities;

* The source of the operation’s water supply anavalls within three hundred feet (300') of the
production area; and

» The location of all surface water features wittia boundaries or immediately adjacent to the
production area.

13.1.3 Construction Plan Drawings

Include the following on plan drawings:
* The name of the operation and the scale in fedsth directional arrow, and the signed and dated
engineer’s seal;
» Clear and legible plans drawn to a scale with aflassary information plainly shown. The size of the
plans generally should not be larger than thirghas by forty-two inches (30" x 42"), with a prefiece
for smaller sizes;

» Locations of all test borings with date of siteestigation;

« Detail plans shall consist of plan views, elevatigws, profiles, sections, and supplementary views
which, together with the specifications and genkxybuts, provide the working information for the
construction of the containment facilities [SeeCI®R 20-8.300(3)(C)4.]; and

« Dimensions and relative elevations of manure swstgictures, the location of components of the
animal waste management system, alignment ana&japing, and profiles of piping with grades.

13.1.4 Specifications

Specifications shall accompany the plans [See 1R 2X58.300(3)(D)].
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13.2 Location

13.2.1 Protection from Flooding

Manure storage structures, confinement buildings, pen lots, composting pads, and other manure storage
areas in the production area shall be protected frm inundation or damage due to the one hundred- (160
) year flood [See 10 CSR 20-8.300(3)(A)].

13.2.2 HEADING

The minimum setback distances from manure storagérsictures, manure storage areas, confinement
buildings, open lots, or mortality composters shalbe as follows [See 10 CSR 20-8.300(3)(B)]:

* Ten feet (10" to public water supply pipelines;

» Fifty feet (50') to property lines;

» Fifty feet (50') to public roads;

* One hundred feet (100') to wetlands, ponds, or lakenot used for human water supply;

e One hundred feet (100') to gaining streams (clasgf or unclassified; perennial or intermittent);

e Three hundred feet (300") to human water supply laks or impoundments; and

e Three hundred feet (300 to losing streams (clag®@d or unclassified; perennial or intermittent)

and sinkholes.

13.2.3 HEADING

Distances from earthen basins shall be measured frothe outside edge of the top of the berm [See 10
CSR 20-8.300(3)(C)].

13.2.4 HEADING

Separation distance from wells for manure storaigetsires or confinement buildings shall be in adeace
with 10 CSR 23-3.010 [See 10 CSR 20-8.300(4)(D)].

13.3 Manure Storage Structure Sizing

13.3.1 No Discharge Requirement

All manure storage structures shall be designed am-discharge [See 10 CSR 20-8.300(4)(A)].

13.3.2 Design Storage Period

The minimum design storage period for manure storag structures shall be as follow [See 10 CSR 20-
8.300(4)(B)]:
* The recommended design storage period is three huretl sixty-five (365) days.
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e The minimum design storage period for liquid manure solid manure, and dry process waste to be
land applied is one hundred eighty (180) days.

* The minimum design storage period for solid manureand dry process waste to be sold or used as
bedding is ninety (90) days.

* The minimum design storage period for waste treatnm@ lagoons without an impermeable cover is
three hundred sixty-five (365) days.

13.3.3 HEADING

New Class | swine, veal, or poultry operations shiévaluate proposed uncovered manure storage
structures in accordance with applicable federal rgulation as set forth in 40 CFR 412.46(a)(1),
November 20, 2008, which is hereby incorporated yeference, without any later amendments or
additions, as published by the Office of the Fedeld&egister, National Archives and Records
Administration, Superintendent of Documents, Pittslurgh, PA 15250-7954 [See 10 CSR 20-8.300(4)(C)].

13.3.4 Sizing Manure Storage Structures

The structure shall be designed to hold all inputshetween the upper and lower operating levels,
anticipated during the design storage periodThis typically includes [See 10 CSR 20-8.300(4)(D)1

e Animal manure;

* Bedding material;

e Wash water,

* Flush water (excluding recycled flush water);

* Cooling water for animals or from equipment; and

* Runoff from pervious and impervious areas, due to\eerage rainfall.

Uncovered liquid storage structures shall also inalde [See 10 CSR 20-8.300(4)(D)2.]:
* R-E from the surface of the structure, held betweeithe operating levels; and
» Safety volume above the upper operating level.

Tanks and pits shall also include six inches (6")faepth below the lower operating level for incomptte
removal allowance [See 10 CSR 20-8.300(4)(D)3.].

Earthen basins shall also include [See 10 CSR 2®80(4)(D)4.]:
* At least one foot (1') of freeboard or two feet (3'for structures that receive storm water from
open lots larger than the surface area of the stoge structure;
* Two feet (2') of permanent liquid depth below thedwer operating level. Anaerobic treatment
volume greater than two feet (2') satisfies this iguirement;
e Sludge accumulation volume; and
* Treatment volume below the lower operating level foanaerobic treatment lagoons.
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13.4 Construction of Earthen Basins

13.4.1 Geohydrologic Evaluation

A geohydrologic evaluation of the proposed earthehasin prepared by the Missouri Geological Survey
shall be submitted[See 10 CSR 20-8.300(5)(AJ]he design of all structures shall be sufficienadaress the
site limitations identified by the Missouri Geologl Survey and should be discussed in the engirtgeesport

Collapse potential rating. If the geohydrologic evlaation gives a severe rating for collapse potentiaan
earthen basin shall not be used [See 10 CSR 20-8@&)(A)1.].

Overall geologic limitations rating. Sites that bavsevere rating for the overall geologic lim@a# but a
slight or moderate collapse potential will be reveel on a case-by-case basis. The department maiyaeq
artificial liners or additional geotechnical ex@ton and design implementation and/or post-consomi
testing in these situations.

13.4.2 Detailed Soils Investigation

Perform a detailed soils investigation to substdatfeasibilityand to determine the quantity and quality of soill
materials on-site and from a borrow area for ugéeénbasin and/or liner.

Use test pits, split spoon (barrel), or thin-wallede sampling or a combination of these technigiegending
on the total area of investigation and the depthiticch exploration is neededhe following information, in
whole or in part, is required [See 10 CSR 20-8.308)(B)]:

e Atterburg limits;

» Standard proctor density (moisture/density relatiorships);

» Coefficient of permeability (undisturbed and remolded);

e Depth to bedrock;

« Particle size analysis; and

* Depth to groundwater table.

Present information gathered from the investigatiora map drawn to scale including field slopesatimn,
and other surface features. Use soil profiles efrépresentative soil material. Include copiesrwfioal borings
and other soil test logs and incorporate an in&gpion of the collected data into the report. Déscany site
constraints and the means of overcoming them istcaction.

13.4.3 Shape and Location

Shape of cells. The shape of all cells shall be Bubat there are no narrow or elongated portions or
islands, peninsulas, or coves [See 10 CSR 20-8.300%)1.].

Constant elevation of floor. The floor of the struture shall be a consistent elevatiowith finished
elevations not more than three inches (3") above dyelow the average elevation of the floor [See 1(BR
20-8.300(5)(C)2.].
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Distance to groundwater and bedrock. The floor ofhie basin shall be at least four feet (4') above the
groundwater table or the water table as modified bysubsurface drainage and at least two feet (2') akie
bedrock [See 10 CSR 20-8.300(5)(C)3Hor perched water tables, a curtain drain with sitp@ outlet may be
installed around the structure.

13.4.4 Slope

Inner and outer berm slopes shall not be steeper #m three to one (3:1), horizontal to vertical andnner
slopes not be flatter than four to one (4:1) [SeeDICSR 20-8.300(5)(D)]Design long outer slopes to be
flatter than three to one (3:1) to assist in sabeving of vegetation

13.4.5 Berm Construction and Width

Construction specifications shall include the follwing [See 10 CSR 20-8.300(5)(E)]:

» Compact soil used in constructing the basin floomot including clay liner) and berm cores to
between two percent (2%) below and four percent (4%above the optimum water content and
compacted to at least ninety percent (90%) standargroctor density.

» Use lifts for berm construction not exceeding twek inches (12") with a maximum rock size not
exceeding one-half (1/2) of the thickness of theropacted lift.

» Construct the top of the berm to a minimum width ofeight feet (8); for fill heights from fifteen to
twenty feet (15'-20"), use a minimum top width ofén feet (10'); for fill heights from twenty to
twenty-five feet (20'-25"), use a minimum top widttof twelve feet (12).

13.4.6 Emergency Spillway

To prevent overtopping and cutting of berms, an emgency overflow shall be provided that [See 10 CSR
20-8.300(5)(F)]:

e Has a minimum bottom width of ten feet (10") and aminimum depth of one foot (1'); and

» Is compacted and vegetated or otherwise constructad prevent erosion due to possible flow.

13.4.7 Compacted Clay Liner

Soils information. The soils used for constructiorof an earthen basin liner shall meet the following
minimum specifications [See 10 CSR 20-8.300(5)(G)1.
« Be classified under the Unified Soil Classificatiolsystem (ASTM D2487) as CL, CH, GC, or SC;
« Allow more than fifty percent (50%) passage througha Number 200 sieve;
* Have a liquid limit equal to or greater than thirty (30);
* Have a plasticity index equal to or greater than twenty (20); and
« Have a coefficient of permeability equal to or lesthan 1 x 10’ centimeters per second (cm/sec)
when compacted to ninety percent (90%) of standargroctor density with the moisture content
between two percent (2%) below and four percent (4%above the optimum moisture content.

Liner construction. Compacted clay liners shall beconstructed to meet the following minimum
specifications [See 10 CSR 20-8.300(5)(G)2.]:
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» Be scarified and compacted to between two perceri?%) below and four percent (4%) above the
optimum water content and be compacted to at leastinety percent (90%) standard proctor
density.

* Be raised in lifts not exceeding six inches (6") Wi a maximum rock size not exceeding one-half
(1/2) of the thickness of the compacted lift.

* Be maintained at or above the optimum water contenaintil the basin is prefilled with water.

* Have a minimum thickness of twelve inches (12").

Permeability. All earthen basins shall be sealed dbat seepage loss through the seal is minimizedhd&
basin seal shall [See 10 CSR 20-8.300(5)(G)3.]:
» Cover the floor and extend up the inner slope to wére the side slope intersects with the top of the
berm.
* Have a design permeability of the basin seal not egeding 1.0 x 10-7 cm/sec.

The following equation shall be used to determine mimum seal thickness for soils which have a
coefficient of permeability greater than 1 x 10 centimeter per second [See 10 CSR 20-8.300(5)(G)]:

Equation 13-1:
t = (HxK)/ 5.4 x 10'cm/sec

Where:

K = permeability coefficient of the soil in questio

H = head (maximum water level depth) of water i ilasin; and
t = thickness of the soil seal.

13.4.8 Prefilling

Prefill the basin in order to protect the linereyent weed growth, reduce odor, allow measurenmfent o
percolation losses, and maintain moisture contetiteoseal. If the clay liner is allowed to dryetliner must be
scarified and recompacted as described [See 1020S8300(6)(H)].

13.4.9 Protection of Berms

Exlude livestock, burrowing animals, and woody wagjen from basins to protect the integrity of ttexms
and liners.

Assure that a good vegetative cover is establisinddgoon berms to minimize erosion. The inner lserm
should be seeded down to the upper operating té\tbke structure.

Rip-rap or some other acceptable method of erosiotontrol is required as a minimum around all piping
entrances and exits; for aerated cell(s), on thegdes and floor in the areas where turbulence willacur;

and for protection from wave action for basins witha surface area greater than five (5) acres [See 10
CSR 20-8.300(5)(H)].
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13.4.10 HEADING

If alternative liners are used, permeability, durahlity, and integrity of the proposed materials mustbe
satisfactorily demonstrated for anticipated conditons [See 10 CSR 20-8.300(5)(1)].

13.4.11 Depth Gauges

A permanent depth measurement gauge or marker shalle installed and maintained in the basin in
easily readable one-foot (1') or smaller incrementwith the lower, upper, and emergency spillway levs
clearly displayed [See 10 CSR 20-8.300(5)(J)].

13.4.12 Piping

Fill around pipes installed through embankments shkhbe compacted to prevent seepage and pressurized
piping must be valved [See 10 CSR 20-8.300(5)(K)].

13.4.13 Safety

Consideration shall be given for safety in using aggn storage structures including the use of preveran
and recovery components [See 10 CSR 20-8.300(5)(L)]

13.4.14 Operation and Maintenance

An operation and maintenance plan is required addrssing the major components of the animal waste
management system [See 10 CSR 20-8.300(5)(M)].

13.5 Construction of Tanks and Pits

Construction of tanks and pits shall meet the requements in the following subsection below [See 10SR
20-8.300(6)].

13.5.1 Soils and Foundation

Conduct a thorough site investigation to determinghe physical characteristics and suitability of thesoil
and foundation for the fabricated storage structure Position the floor of the below-ground storage taks
two feet (2') above the groundwater table [See 10SR 20-8.300(6)(A)].

13.5.2 HEADING

Allow one foot (1') of depth at the top of coveredtructures for agitation and/or ventilation [See 10CSR
20-8.300(6)(B)].
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13.5.3 Depth Gauges

Include a permanent depth measurement gauge or maek that is easily readable at one-foot (1') or
smaller increments for uncovered tanks and pits [S210 CSR 20-8.300(6)(C)].

13.5.4 Footing Drains/Perimeter Tiling

Use perimeter tiling and granular backfill for below-ground pits [See 10 CSR 20-8.300(6)(D)].

13.5.5 HEADING

Locate tank and pit footings at or below the maximm frost depth [See 10 CSR 20-8.300(6)(E)].

13.5.6 HEADING

Design concrete and steel features according to plighed guidelines [See 10 CSR 20-8.300(6)(F)].

13.5.7 Watertight Requirement

Design and construct tanks and pits to be watertighlSee 10 CSR 20-8.300(6)(G)].

13.6 Construction of Solid Manure Components

The following requirements in the subsections belowhall be met when constructing poultry buildings,
open lots, stacking pads, stacksheds, and other gian structures [See 10 CSR 20-8.300(7)].

13.6.1 HEADING

Divert surface water away from animal confinement aas and buildings [See 10 CSR 20-8.300(7)(A)].

13.6.2 Floors and Pads

Construct the base of covered and uncovered lotsppltry buildings, and other solid manure storage
areas of concrete or other rigid, essentially watdight materials or from a firm, compacted, earthenbase
of Unified Soil Classification System (USCS) clasdH, MH, CL, GC, or SC soils [See 10 CSR 20-
8.300(7)(B)].

The base can utilize existing consolidated soiteefe is one (1) continuous foot of soil classifés class CH,
MH, CL, GC, or SC in the Unified Soil Classificati®ystem (USCS) within four feet (4") of the progas
earthen floor [See 10 CSR 20-8.300(7)(B)1.].

The finished earthen floor shall beminimum of two feet (2') above groundwater tabled be at least two feet
(2") above bedrock [See 10 CSR 20-8.300(7)(B)2.].
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13.6.3 HEADING

Uncovered solids storage areas must also meet tlodidwing [See 10 CSR 20-8.300(7)(C)]:

Have an overall slope between two percent (2%) arfdur percent (4%) for unpaved lots;
Be maintained in a way that prevents ponding; and
Have a runoff collection structure that meets the equirements of this rule.

13.7 Design and Construction of Pipelines, Punfgtations, and Land
Application Systems

13.7.1 General

Design of pipelines shall be based on the followingquirements [See 10 CSR 20-8.300(8)(A)]:

Insure the storage/treatment facilities can be empad within the time limits stated in the nutrient
management plan;

Design to convey the required flow without pluggingbased on the type of material and total solids
content;

Install at a depth sufficient to protect against feezing;

Install with appropriate connection devices to preent contamination of private or public water
supply distribution systems and groundwater;

Have pumps sized to transfer material at the requied system head and volume;

Install at sufficient depth below the natural floor of the stream bed to protect the pipe. The top of
the pipe should be a minimum of three feet (3') belv the natural stream floor and as nearly
perpendicular to the stream flow as possible. Aerigipeline crossing of streams shall be in
accordance with section 2.7 [See 10 CSR 20-8.30063%.];

Encase when buried under roads; and

Separate from potable water lines at least ten fe€10') horizontally and at least eighteen inches
(18") below the base of the water line.

13.7.2 Gravity Pipelines

Design of pipelines shall be based on the followingquirements [See 10 CSR 20-8.300(8)(B)]:

Use a minimum slope of one percent (1%) for four ioh (4") pipe, six-tenths percent (0.6%) for six
inch (6") pipe, and four-tenths percent (0.4%) foreight inch (8") pipe.

Design with clean-outs at a maximum interval of thee hundred feet (300') and with maximum
horizontal curves of ten (10) degrees) at pipe jots; and

Design with a minimum of two (2) valves in series.

13.7.3 Force Mains and Pressure Pipes

Design velocities shall be between three (3) anck $b) feet per second [See 10 CSR 20-8.300(8)(C)].
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13.7.4 Testing

Hydro-pressure tests shall be made only after theompletion of backfilling operations and for a
minimum of one (1) hour using a minimum test presse of the maximum system operating pressure [See
10 CSR 20-8.300(8)(D)].

13.7.5 Pump Stations

Water supply protection. Manure pump stations shallnot be connected to a potable water supply and
shall be located at least three hundred feet (300f)om any potable water supply well [See 10 CSR 20-
8.300(8)(E)1.].

Alarm systems. Alarm systems are required for pumpig stations that are activated in cases of power
failure, pump failure, or any cause of high waterm the wet well [See 10 CSR 20-8.300(8)(E)2.].

13.7.6 Land Application Systems

Land application systems shall be designed with [8€l0 CSR 20-8.300(8)(F)]:

» Spray application equipment specified that minimize the formation of aerosols;

* The pumping system and distribution system sized fahe flow and operating pressure
requirements of the distribution equipment and theapplication restrictions of the soils and
topography;

* Provisions made for draining the pipes to preventreezing, if pipes are located above the frost
line;

* A suitable structure provided for either a portable pumping unit or a permanent pump
installation; the intake to the pumping system prouding the capability for varying the withdrawal
depth; the intake elevation maintained twelve to twnty-four inches (12"-24") below the liquid
elevation; the intake screened so as to minimizeoglging of the sprinkler nozzle or distribution
system orifices; and, for use of a portable pump, stable platform and flexible intake line with
flotation device to control depth of intake;

» Thrust blocking of pressure pipes; and

* An automatic pump or engine shut-offs in case of gssure drop.

13.8 General System Details

13.8.1 Mechanical Equipment

Mechanical equipment shall be used and installed iaccordance with manufacturers’ recommendations
and specifications and major mechanical units instéed under the supervision of the manufacturer’'s
representative [See 10 CSR 20-8.300(9)(A)].
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13.8.2 Potable Water Supply Protection

No piping or other connections shall exist in any art of the animal waste management system which,
under any conditions, might cause the contaminationf a potable water supply [See 10 CSR 20-
8.300(9)(B)].

13.9 Mortality Management

Class | operations shall not use burial as a permamt mortality management method to dispose of
routine mortalities [See 10 CSR 20-8.300(10)].
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Chapter 14: Design Requirements for Agrichemical Failities

This guide applies to the design and constructfar at an agrichemical facilityAll new operations shall be
designed to be no discharge [See 10 CSR 20-8.50P(1)

14.1 Exceptions

The following exceptions in the subsections belgwlyato agrichemical facilities.

14.1.1 HEADING

This guide does not apply to facilities storinchandling less than the regulated quantities oichgrnicals
unless an on-site evaluation by the departmentrméies that compliance with the regulations is seagy to
protect the environmenithe prohibition of storing bulk liquid fertilizer i n a mobile container for more
than thirty (30) days shall not apply to barges andail cars used solely for transporting liquid fertilizer
from chemical production facilities to retail or wholesale facilities [See 10 CSR 20-8.500(2)(A)].

14.1.2 HEADING

Liquid fertilizer storage tanks that were in usepto January 13, 1992, having a storage capgcésgter than
forty thousand (40,000) gallons are exempt fromréwgiirement of installing a liner underneath tektitself.

The prohibition of burying pipes used for transferring full strength agrichemicals shall not apply to
piping used solely for the loading and unloading ofiquid fertilizer from barges and rail cars. Thesepipes
shall be pressure tested on a yearly basis to cdytithe integrity of the pipes. Records of the presse
testing shall be kept on file at the facility and rade available to department personnel upon requefbee
10 CSR 20-8.500(2)(B)].

14.1.3 HEADING

The prohibition of storing bulk liquid fertilizenia mobile container for more than thirty (30) ddges not
apply to barges and rail cars used solely for partgg liquid fertilizer from chemical productidacilities to
retail or wholesale facilities.

14.2 Engineering Report

An engineering report is required for all facilities required to submit an application for a construcion
permit and is recommended for all facilities [See @ CSR 20-8.500(3)]The engineering report assembles
basic information, presents design criteria andragsions, examines alternate projects with prelanyn
layouts and cost estimates, offers a conclusioh aviproposed project for client consideration, antlines
official actions and procedures to implement thgqmt. Engineering reports contain the followingpmmation
in the subsections below and other pertinent in&tiom and may be combined with other engineering
documentation.
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Antidegradation must be implemented according to tk procedures in 10 CSR 20-7.031(3)(D) [See 10
CSR 20-8.500(3)].

14.2.1 HEADING

Title of project, agrichemical facility name anddaglss, name and address of firm preparing the tegeal and
signature of the professional engineer in chargaaject.

14.2.2 HEADING

An introduction with reasons for the report andemstances leading up to the report.

14.2.3 HEADING

A discussion of existing conditions at the agricieahfacility and proposed construction at the liaci

14.2.4 HEADING

The design and calculations for sizing of seconday operational containment structures.

14.2.5 HEADING

A process diagram showing the interconnection lghainps, piping, and storage tanks associatedtivith
operation of the agrichemical facility.

14.2.6 HEADING

A discussion of the process by which bulk chemieaésreceived, unloaded, and transferred withirfabiity;
the mixing, loading, and unloading of spreadingmnaying equipment; all cleaning of chemical hawrglli
equipment, spraying or spreading vehicles, nurb&les, and containment areas; the collectionagmrand
disposal of rinsates, process generated wastewatdrsollected precipitation; and the collectioaatment,
and disposal of all domestic wastewater flows assed with the facility.

14.3 Primary Containment for Bulk Agrichemicalsfor New Construction

Containers and appurtenances used as the primary atainment in the storage and handling of bulk
agrichemicals shall be constructed, installed, andhaintained to prevent a discharge and shall be of
materials and construction compatible with the spe@cations of the product stored with the followingin
the subsections below [See 10 CSR 20-8.500(4)].

14.3.1 HEADING

Tank anchors or raised stands [See 10 CSR 20-8.5811A)].
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14.3.2 HEADING

The ability to handle all operating stresses, hydrstatic head, pressure buildup from pumps and
compressors and any other mechanical stresses to i the containers and appurtenances may be
subject to in the foreseeable course of operatiosge 10 CSR 20-8.500(4)(B)].

14.3.3 HEADING

No external sight gauges used with bulk pesticidéasage containers [See 10 CSR 20-8.500(4)(C)].

14.3.4 HEADING

Lockable valves for bulk liquid fertilizer containers located between the sight gauge and the storage
container [See 10 CSR 20-8.500(4)(D)].

14.3.5 HEADING

A lockable main discharge valve [See 10 CSR 20-8(%a)(E)].

14.3.6 HEADING

All appurtenances protected against damage from opating personnel and moving vehiclesnd located
within the secondary containment or operational cotainment area[See 10 CSR 20-8.500(4)(F)].

14.3.7 HEADING

All storage structures for bulk liquid pesticides @ bulk liquid fertilizers located above ground [Seel0
CSR 20-8.500(4)(G)].

14.3.8 HEADING

All primary containment containers located where flling can be done by an individual with both feet a
the floor of the containment structure or a working platform adjacent to the container [See 10 CSR 20-
8.500(4)(H)].

14.3.9 HEADING

Secure transfer hose connections [See 10 CSR 2000&)(1)].
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14.4 Secondary Containment for Bulk Agrichemica for New Construction

14.4.1 Nonmobile Bulk Liquid Pesticides and Feiltizers

Design shall[10 CSR 8.500(5)(A)]:

Include a minimum volume of one hundred twenty-fivepercent (125%) of the volume of the
largest storage container located within the contaiment area plus the space occupied by any other
tanks located within the containment area when noprotected from precipitation;

Include a minimum volume of one hundred ten percenf110%) of the volume of the largest
storage container located within the containment aa plus the space occupied by any other tanks
located within the containment area when protectiorfrom precipitation;

Not have a discharge outlet or gravity drain throudn the wall or floor of the containment

structure;

Have floors and walls that are constructed of mateal that is compatible with the specifications of
the product being stored and that is resistent to gnetration by moisture and agrichemicals; that
are designed to support the gravity load of the stage containers and any hydrostatic loads that
would result from a massive spill within the contanment structure;

Have expansion joints spaced to prevent cracks froforming; sealed with a material resistant to
agrichemicals; and with water stops installed betwen the containment walls and floor;

Include a collection sump, if needed, not more thatwo feet (2') deep or larger than 20 cubic feet;
constructed of materials that resist penetration bymoisture and agrichemicals; with a sealed
connection point with the containment area floor; ad at a low point in the containment area to
allow for removal of accumulated liquids accumulatng;

Exclude piping through the walls or floor except fo through common, interconnecting
containment walls. Locate all piping entering andeaving the secondary containment structure up
and over the containment walls;

Exclude underground transfer piping;

Separate bulk liquid pesticides and bulk liquid fetilizers using, at the least, a common wall with
no interconnecting piping;

Locate auxiliary tanks for storage of rinsate or pecipitation collected in the secondary or
operational containment area within a secondary caainment structure.

14.4.2 Earthen Basins for Nonmobile Bulk Liquidrertilizers

Design shall [10 CSR 8.500(5)(B)]:

If using a synthetic liner, use material with an inplace permeability of 1 x 10 cm/sec. or less and
that is compatible with the chemicals being storedtat is resistant to punctures, abrasion,
cracking, and weathering; and installed and maintaned according to the manufacturer’s
recommendations.

Construct floors and walls of suitable soil with orwithout bentonite clay compacted to
permeability rate of 1 x 10’ cm/sec. or less

Use a three to one (3:1) side slope ratio and a teypdth of not be less than two and one-half feet (2
1/2") for the berm.
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14.4.3 Nonmobile Bulk Dry Fertilizer Storage

Design shall [10 CSR 8.500(5)(C)]:

Be stored inside a sound structure to prevent conta with precipitation with all surface water
runoff diverted away from the storage structure.

Allow for all unloading, loading, mixing, and handiing of dry bulk fertilizers to be done on an
operational containment area.

Have an adequately sized operational containment aa to hold the volume of pesticides used in
impregnating dry fertilizer and impregnation equipment.

Allow for daily cleanup of the dry fertilizer in lo ading, unloading, mixing, and handling areas.
Prevent the downward movement of fertilizer materids and moisture through the floor, with
expansion joints spaced to prevent cracks from foring, and sealed with a material resistant to
agrichemicals

Have a mixing and loading pad under any exterior tansfer area of a conveyance system.

14.4.4 Nonmobile Bulk Dry Pesicide Storage

Design shall [10 CSR 8.500(5)(D)]:

Be stored inside a sound structure to prevent conta with precipitation And with all surface water
runoff diverted away from the storage structure.

Allow for all loading, mixing, and handling of bulk dry pesticides to be done on an operational
containment area.

Allow for daily cleanup of the bulk dry pesticide lbading, unloading, mixing, and handling areas.
Prevent the downward movement of pesticide materialand moisture through the floor,with
expansion joints spaced to prevent cracks from foring and sealed with a material resistant to
agrichemicals.

Have a mixing and loading pad under any exterior tansfer area of a conveyance system.

14.5 Operational Containment for Bulk Liquid Pegicides and Bulk Liquid
Fertilizers for New Construction

Operational containment for bulk liquid pesticidesand bulk liquid fertilizers for new construction shall
be designed to do the following in the subsectioh&low. [See 10 CSR 20-8.500(6)].

14.5.1 HEADING

Contain any product discharged or collected precigation for the amount of time required for proper
cleanup and recovery [See 10 CSR 20-8.500(6)(A)].

14.5.2 HEADING

Divert all precipitation away from the operational containment area [See 10 CSR 20-8.500(6)(B)].
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14.5.3 HEADING

Have a minimum volume of one hundred ten percent {0%) of the volume of the largest vehicle that will
be loaded or unloaded in the operational containmerarea. This volume may be achieved through the use
of above ground tank(s) located within the secondgrcontainment area connected to an automatic sump
pump in the operational containment area [See 10 G520-8.500(6)(C)].

14.5.4 HEADING

Have a sediment trap and sump, if needed, not motban two feet (2') deep or larger than 20 cubic fde
and with a sealed connection point between the opaironal containment area floor and the sump to
prevent leakage of liquids from the containment ara [See 10 CSR 20-8.500(6)(D)].

14.5.5 HEADING

Extend beneath any pump, appurtenance, or plumbingonnection not located within the secondary
containment area and that is used to transfer liqud fertilizer or pesticide [See 10 CSR 20-8.500(6)(E

14.5.6 HEADING

Allow for bulk repackaging containment of agrichemicals [See 10 CSR 20-8.500(6)(F)].

14.6 Operational Containment for Bulk Dry Pestiedes and Bulk Dry
Fertilizers for New Construction

Operational containment for bulk dry pesticides andbulk dry fertilizers for new construction shall be
sized to do the following in the subsections belof@ee 10 CSR 20-8.500(7)].

14.6.1 HEADING

Contain any spillage or leakage of dry materials tht occurs from the loading and unloading of haulingr
spreading equipment and from the mixing and blendig equipment or precipitation that comes in contact
with the operational containment area for the amounof time required for proper cleanup and recovery
[See 10 CSR 20-8.500(7)(A)].

14.6.2 HEADING

Divert all precipitation away from the operational containment area [See 10 CSR 20-8.500(7)(B)].

14.6.3 HEADING

Catch or recover spillage and leakage from transfeconnections and conveyors with the use of individu
catchment basins or portable pans/containers [Se® ISR 20-8.500(7)(C)].
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14.6.4 HEADING

Effectively contain the dry fertilizer or pesticide that may be discharged during the unloading proces
from rail cars [See 10 CSR 20-8.500(7)(D)].

14.7 Connection to Water Supplies

An air gap separation or reduced pressure principldackflow prevention assembly shall be installed in
the water supply line that serves an agrichemicakkility. The air gap or backflow prevention assembyt
shall be constructed, installed, and inspected incaordance with 10 CSR 60-11.010 Prevention of
Backflow [See 10 CSR 20-8.500(8)].

14.8 Protection from Flooding

All agrichemical facilities shall be located so thiathe agrichemicals being stored are protected frona one
hundred- (100-) year flood event [See 10 CSR 20-8(9)].

14.9 Emergency and Discharge Response Plan

The operator of a bulk agrichemical facility shallprepare a written emergency and discharge response
plan for the storage facility. The plan shall comp} with Superfund Amendments and Reauthorization
Act of 1986 (SARA) Title 11l requirements [See 10 GR 20-8.500(10)].

14.10 Plans

14.10.1 General

All plans for primary, secondary, and operatior@itainment structures for new construction at dgaical
facilities should:

* Include the name of the agrichemical facility, #oale in feet, a graphic scale, the north poirte,dhe
name of the engineer and their certificate numhdran imprint of their registration seal.

* Be clear and legible and drawn to a scale.

* Not be larger than thirty inches by forty-two ine@0" x 42") (76 cm x 107 cm).

* Indicate the datum used.

* Show locations and logs of test.

* Include plan views, elevations, sections, and srpphtary views which, together with the
specifications and general layouts, provide thekimgyrinformation for the contract and constructadn
the containment facilities. Plans should includeahsions and relative elevations of structures, th
location and outline form of equipment, storagek$atocation and size of piping, and ground
elevations.

242



DRAFT Design Requirements for Agrichemical Facilitles 14

14.10.2 Plans for New Construction

Location plan. Show the location of the agricherniaaility in relation to streams, roads, water glypsystems,
property lines, and any dwellings or structuresowied by the agrichemical facility in the immediarea of
the facility.

General layout. Show the topography of the sitee,sand location of storage tanks and containnteunttsres,
a schematic flow diagram showing the flow throulgé Yarious agrichemical mixing and handling systems
piping including any arrangements for bypassingviddal systems, agrichemicals handled and direatio
flow through pipes, pumps and valves used for hagdigrichemicals, storage areas for waste masehak
cannot be reused (mud and sediment from sumpdgediyzer, and pesticide materials accumulatedraur
clean up processes, etc.), any test borings shosaih@nd rock elevations and composition at tloppsed
site, and information showing existing groundwatewvations in relation to proposed liner instatiatand
containment area.

Detail plans. Show the location, dimensions, aedations of all existing and proposed facilitidgyvations of
high and low groundwater level; size, pertinentdess, and operating capacity of all pumps, tanks,
containment areas, and other mechanical devicesias=d with the operation of the agrichemical lfggiand
an adequate description of any other featuresnasttito the design and operation of the agrichdmica
containment facility.

14.11 Specifications

Include technical specifications for new constractwith the plans.

Include all construction information not shown bl tirawings which is necessary to inform the builde
detail of the design requirements as to the quafityaterials and workmanship and fabrication ef pinoject
and type, size, strength, operating characterjsitg rating of equipment; the complete requireséatall
mechanical and electrical equipment, including nraaaly, valves, piping and jointing of pipe; elecai
apparatus, wiring, and instrumentation; operatoais construction materials; special constructiaaterials
such as clay, sand, concrete, or steel; miscellanappurtenances; instructions for testing mateaatl
equipment as necessary to meet design standargeedondmnance tests for the completed works and oot
units.

It is suggested that these performance tests lstucted at the design conditions for the operatiah®
agrichemical facility whenever practical.
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Appendix 1

Appendix: Supplemental Summary of Design

Chapter 2: Gravity Sewers

In addition to the information in Chapter 1.6, undé the following in the summary of design:

Whenever decrease slopes are selected, furnishiat#bns of the anticipated flow velocities of aage
daily flow and peak hourly flow rates; and

When the proposed slope is less than the minimapesdf the smallest pipe that can accommodate the
design peak hourly flow, the actual depths andareés at minimum, average, and design maximum
day and peak hourly flow for each design sectiothefsewer are calculated.

Chapter 3: Alternative Sewer Systems

In addition to the information in Chapter 1.6, ¢ the following in the summary of design:

Velocity calculations for each pipe segment;

The elevation of the hydraulic grade-line and gubalevation at peak hourly flow for each pipe
segment;

Calculated design friction losses;

Number of isolation valves and cleanouts;

Number of simplex and duplex grinder pump stations;

Number of septic tanks; and

Calculations showing that grinder pump stations seqatic tanks are protected against buoyancy forces

Chapter 4: Pumping Stations

In addition to the information in Chapter 1.6, ¢ the following in the summary of design:

Pump Stations. Include the following for each pustgtion:

» Hydraulic loadings including the design averagavfiind the design peak hourly flow;

Static head (ft);

Total dynamic head (ft);

Pump capacity (gallons per minute);

Selected pump manufacturer’s information includimg model number, type, horsepower, speed

(revolutions per minute), voltage, and phase;

» Cycle times based on design average flow and desigk hourly flow;

= Method of emergency operations; and

» Performance curves for each pump with the systewequiotted and the pump’s operating point
marked;

Force Mains. Include the following for force mains:

= Size, material, type or class, and length;

Force main velocity (ft/s) at pump’s operating gpin

Number and location of stream crossings;

Number of air and vacuum relief valves; and

Verification that downstream components (e.g., ssymimp stations, etc.) have adequate capacity.
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Chapter 5: Wastewater Treatment Facilities

In addition to the information in Chapter 1.6, undé the following in the summary of design:
* Provide the one hundred (100)-year flood plain doentation;
* Provide the design by analogy documentation;
* Include the following for a determination of thdiability of power service for a new wastewater
treatment facility:
= State the service provided;
= |dentify the location of the new wastewater treattrfacility and the nearest available utility
connection;
= List the total number of outages that have occudigihg the past two (2) years from utility recqgrds
and
» Indicate the date and duration of each recordeageufrom utility records
* For each chemical utilized by the wastewater treatrprocess, include the following with the pland a
specifications:
= A current safety data sheet (SDS);
= The purpose of the chemical;
» The proposed minimum, average, and maximum dosages;
= A description of the method used to achieve rapuithorough mixing of the chemical solution or
wastewater and coagulant(s).

Chapter 6: Preliminary Treatment

In addition to the information in Chapter 1.6, ¢ the following in the summary of design.
» For all screening devices provide the following:
» The clear opening size;
» The velocity (feet per second)at design average dod design peak hourly flow;
» The effective screening area (square feet);
= The head loss (feet); and
» The design screenings rate (cubic feet of scresrpeg gallon screened).
* Fine screens.
= Provide the head loss (feet) across the fine sorgelevice at a blinding factor of fifty percent
(50%).
= Provide justification for cases where a lower hingdfactor is proposed.
» For fine screen organic removal credit, includejtiséification for any reduction in the size of
downstream treatment units.
» Grit Removal Facilities.
* Provide the detention time during average desigw #ind design peak hourly flow.
= Provide the velocity (feet per second) at desigraye flow and design peak hourly flow.
* Preaeration.
* Provide the amount of air supplied (cubic feetiparute).
Provide the detention time during average desiow #nd design peak hourly flow.
» Septage and Leachate.
» Demonstrate that the wastewater treatment faaililyfunction in a satisfactory (meet permitted
effluent limits) and uninterrupted manner when réog septage or leachate.
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» In general, the smaller the facility design capac#tative to the septage loading, the more subject
the facility will be to upset and potential violai of permitted effluent limits. Consider the rabio
septage loading for small wastewater treatmenlitiasi

= Estimate the allocation of organic capacity asgediavith the proposed septage or leachate that will
not be available for future growth.

= For wastewater treatment facilities to be exparatagbgraded, the sensitivity of the treatment
process to receiving septage or leachate and thacinon permitted effluent limits should be jointly
considered.

* Provide an evaluation and discussion of the peraanmd staffing needs associated with receiving
septage or leachate. Facility personnel are expécotbe present when septage is received and
unloaded. Consider the added laboratory work aststiwith receiving septage or leachate. Include
a discussion of how these needs will be addressed.

» Provide a discussion of the logistics related teinang septage or leachate. Septage receivirg is t
be offline from the continuous inflow from the aadtion system. Consider traffic flow associated
with the location of septage receiving facility ahe hauler unloading area and its impact on other
facility activities.

» Provide a discussion on the impact of the septad¢gachate handling and treatment on the facility
solids handling and processing units and ultimabels disposal procedures.

Chapter 7: Settling

In addition to the information in Chapter 1.6, pde/the following in the summary of design:
» Side water depth in feet;
» Freeboard in feet;
« Effective capacity in gallons;
* Hydraulic detention time during design average fiovd design peak hourly flow;
e Surface area in square feet;
» Surface overflow rates in gallons per day per sgf@ot at design peak hourly flow;
» Peak solids loading rate in pounds per day perrsdoat;
* Design mixed liquor suspended solids in milligrges liter.
* Weir length in linear feet;
* Weir loading rate in gallons per day per lineartfabdesign peak hourly flow; and
e Sludge pump(s) capacity in gallons per minute ata tynamic head in feet.

Chapter 8: Solids Handling and Disposal

In addition to the information in Chapter 1.6, ¢ the following in the summary of design:
General Design Information.

* Volume of sludge produced or wasted from the waatemtreatment process.

* Through sludge treatment, show the anticipatedmelof solids produced and at what percent solids.
Gravity Thickeners.

* Provide calculations of the surface loading rates.
Anaerobic Treatment.

e Calculate design solids handling and disposal agpac

» Compute the total digestion tank capacity basechgoch factors as:

* Volume of sludge added;
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» The percent solids and character;
» The temperature to be maintained in the digesters;
» The degree or extent of mixing to be obtained;
» The degree of volatile solids reduction;
» The solids retention time at peak loadings;
= Method of solids disposal;

The size of the installation with appropriate aléowes for gas, scum, grit, supernatant, and digieste
solids storage; and

Excluding the volume of secondary digesters of stage series digestion systems which are
utilized for digested solids storage and conceioinat

» If designing a energy cogeneration system, inctbdecalculations for the following parameters:

Volume of gas produced by digesters;

Digester gas energy value in British Thermal Up#s cubic foot (BTUS/ﬁ);
Gas composition;

Gas storage capability; and

Gas pretreatment, including filtration.

Aerobic Solids Digestion.

» Calculate the tank capacities and total hydraetiention time.

» For calculating design solids handling, base sgidsiuction values from aerobic digesters on a
maximum solids concentration of two percent (2.0¢%hout additional thickening. Use the following
solids production values on a dry weight basisgogulation equivalent for the listed processes:

For primary plus waste activated sludge, a mininuid.16 Ibs/PE/day
For primary plus fixed film sludge, a minimum ofl@.l1b/PE/day

» Calculate the volatile solids loading rate.
Solids Pumps and Piping.

* Account for the higher friction factors associatgth the type of solids being pumped in the operati
pressure and head loss calculations and providganal basis of design.
* Inthe head loss calculations of gravity withdrap@ing add at least four feet additional head toss
the calculated head loss.
Solids De-Watering.

» Calculate solids drying bed area on a rationalsbagh the following items considered:

The volume of wet solids produced by existing arappsed processes.

Depth of wet solids drawn to the drying beds. Fesign calculation purposes, utilize a maximum
depth of eight inches (8”). For operational purgpske depth of solids placed on the drying bed
may increase or decrease from the design depthl lnestihe percent solids content and type of
digestion utilized.

Total digester volume and other wet solids stofaggities.

Degree of solids thickening provided after digestio

The maximum drawing depth of solids which can eaeed from the digester or other solids
storage facilities without causing process or stnat problems.

The time necessary on the bed to produce a remmeakk. Make adequate provisions or consider
alternative methods for solids dewatering and/tidsalisposal facilities for those periods of time
during which outside drying of solids on beds isdared by weather.

Capacities of auxiliary dewatering facilities.

* Belt Press.
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* Include the polymer selection methodology, accountor solids variability and anticipated solids
loading to the press including all calculationsd@ing, loading, and dosage.
Storage.

e Submit rational calculations justifying the numloédays of storage based on the total solids and/or
biosolids handling and disposal system with jusdifion of the solids production values for stabiiian
processes.

Biosolids Disposal on Land.

* Submit calculations of loadings and applicatiomsdbr each field based on the analysis of the
biosolids, the properties of the soil and the etgxkcrop uptake.

» Calculate the plant available nitrogen (PAN).

Equation 8-1
PAN=(Nitrate + nitrite nitrogen) + (organic nitrage 0.2) + (ammonia nitrogen x volatilization
factor)
The volatilization factors are 0.7 for surface aggiion and 1 for subsurface injection or immediate
incorporation.

Chapter 9: Biological Treatment

In addition to the information in Chapter 1.6, unbé the following in the summary of design:
* BOD and TKN maximum design loadings;
* Minimum equipment rated capacity, number of units;
* Anticipated Sludge Volume Index (SVI) values;
» Daily sludge production and percentage of solidhésludge;
» Design food to microorganism ratio;
* Type of media utilized;
* The minimum airflow calculations for forced ventitan and optimized process performance;
* Dosing rate and all hydraulic factors involving peo distribution of wastewater on the filters;

* Loading information from the influent to the claeif for trickling filter to meet applicable effluen
limits;

» Calculations for design of aeration tank capacity;

* Blower or compressor calculations that show thaadir demand for the expected temperature range,
including both summer and winter conditions, arglithpact of the actual site elevation on the air
supply;

» Identify the chemicals, by means of the safety dagset, including concentrations and disposal
methods;

* The predicted oxygen uptake rate (OUR) at the del€igSS;

* SRT calculations;

* Design MLSS concentration;

» Calculations for hydraulic loading;

» Calculations for organic loading;

* Reactor unit sizing, average day, peak hour, aa# gay flux based on design temperature, solids
concentration, and solids retention time for memberaioreactors; and

* Aeration systems —

» Standard oxygen transfer efficiency of system ped|
= Actual transfer efficiency;
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Alpha and beta factors;

Correction factors of oxygen saturation for fagiltititude and diffuser submergence;

Design DO concentration;

Maximum and minimum ambient temperature;

Minimum, maximum, and average wastewater temperatur

Ambient pressure at site location;

Aerobic and total SRT, MLSS concentration;

Diffused air system, type of diffusers;

Oxygen uptake rate;

For diffused aeration, the basis for the diffusesign (e.g., what diffuser, how arranged) using the

specific diffuser capabilities and oxygen transéges. Include the design spacing and arrangement

of diffusers throughout the tank and expected m®operating modes. If alternate operating modes

such as plug flow and step feed are provided, atdibow the diffuser layout is arranged so as to

accommodate each mode,;

» For high purity oxygen, calculations showing thaiability of adequate oxygen for emergencies
and peak demands; and

» For Sequencing Batch Reactors, Oxygen transfes feden the aerators based on average water

depth between the low-water level and the maximwatenievel for the critical flow conditions.

Chapter 10: Disinfection

In addition to the information in Chapter 1.6, unbé the following in the summary of design:
e Chlorination—
= |dentification of the chlorination chemical;
Dosage in milligrams per liter (mg/L);
Contact tank dimensions;
Contact period in minutes at design peak hourly fte maximum rate of pumpage;
Number of days of chemical on-site storage and of®ntainer; and
Identify alarm conditions;
* Dechlorination—
= Identification of the dechlorination chemical;
= Dosage in milligrams per liter (mg/L);
» Mixing and contact time in seconds at design peaklig flow or maximum rate of pumpage;

Number of days of chemical on-site storage and tf®ntainer; and
Identify alarm conditions;
» Ultraviolet Disinfection—
=  Minimum UV dose in pW ¢ s/cfrbased on MS-2 phage inactivation;
= UVT in percent;
= Total number of UV channels, banks, modules, anpbaor closed vessels;
= Open channel dimensions and water depth in eaaginehancluding minimum and maximum
operating depths;
Average velocity per channel in feet per second,
UV lamp pressure and intensity type;
UV lamp end-of-life estimate in hours;
UV lamp fouling factor;
UV lamp cleaning method;
Number of UV lamp intensity meters/sensors providedbank or closed vessel system; and
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» Identify alarm conditions [See 10 CSR 20-8.190(10)]

Chapter 11: Wastewater Treatment Lagoons and WatteWwrigation Alternatives

In addition to the information in Chapter 1.6, undé the following in the summary of design:

Lagoons
= Calculation of loading in the primary cell

» Volume of storage available in the existing lagoon

= Minimum detention time for all cells of the lagoon

= Document that the liner or storage structure matésicapable of containing the wastewater for at
least twenty (20) years.

Wastewater Irrigation

» For surface application systems applying more thamty-four inches per year, the calculations for
the total nitrogen and total phosphorus uptakédnéexpected vegetation for applications exceeding
twenty-four inches (24”) per year.

o Nitrogen application rates shall not exceed thewrhof nitrogen that can be utilized by the
vegetation to be grown. Plant Available Nitrogettakations shall be included in the Summary
of Design if the applied wastewater is expecteprtwvide more than one hundred fifty pounds
(150 Ibs.) of total nitrogen per acre annuallyfahe applied wastewater exceeds ten (10) mg/L
of nitrate nitrogen as N.

o Phosphorus application rates. Phosphorus can bergrat levels that exceed the crop
requirement when applications are based on nitro§eragronomic soil test is an index of
phosphorus availability. Phosphorus tests inclb@eMehlich-3 soil test, the Bray-1 and the
Olson P tests. Include the test method utilizedthedexpected application loading.

= Calculations in determining design flows, pump satethe absorption fields, sizing of the
absorption fields, sizing of the treatment system.

» For subsurface dispersal, the dosage rate of gaténs and zone.

» For subsurface dispersal systems, calculationgh@minimum soil treatment area and total trench
length.

Chapter 12: Supplemental Treatment

In addition to the information in Chapter 1.6, inbé the following in the summary of design:

Provide calculations to show that the dissolvedgexyconcentrations meet the water quality standards
when using a facultative polishing reactor;

Include the manufacturer's recommendations for entfdckness for a cloth/disc filter.

Describe how the filtration system will be protetfeom freezing conditions, ultraviolet light, and
environmental concerns;

If a carbon dioxide solution is added and rapidingxs provided, total detention time and basintdsp
may be reduced. However, supporting data for topgsed reductions must be included as a part of the
pre-design submittals;

Evaluate Problems associated with lime usage, mandind sludge production and dewatering and
include mitigation measures, if used;

Provide design characteristics for carbon adsampticcluding suspended solids concentrations
(typically <20 mg/L), pH, temperature, flow ragsyd expected colloidal material concentrations;

The properties and specifications of the activatatbon;
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» A description of construction methods for outfaktallation of diffusers in the water body (e.g.,
pipeline assembly, trench mechanics, slope stabéidcess restrictions, mitigation practices, permi
requirements) and anticipated required installagpiermits (e.g., US Army Corps of Engineers);
» Document diffuser port size selection and diffussgpability to provide discharge with balanced flow
from individual ports at all anticipated efflueldws and that sufficient head is provided to ensure
discharge at the peak one hundred (100) year #@gdation with the head loss at peak flow; and
* For Submerged Pipe Designs:
= Document provisions to prevent trapped air in tfenserged pipes (e.g., pipe profile, air and
vacuum release valves, physical anchors);

= Identify how the pipes will be properly anchored@mmored for expected exposure to scour, debris
and high currents during floods; and

= Provisions used to control corrosion (e.g., coajmigpe bonding, sacrificial anodes, impressed
current system). Test soil electrolytic conditidoaseach application wherever metallic pipe
materials are used.

252



DRAFT Operation and Maintenakiznuel

Appendix 2

Operation and Maintenance Manuel

The Operations and Maintenance (O&M) manual prayide reliable and efficient operation and maintesea
of the wastewater system. Develop the manual inrdance with the unique requirements of the indiald
wastewater system and provide the operator withj@ate information and description regarding thegies
operation, and maintenance features of the faaritglved. Appendix 2 provides additional detaitsitems
listed below, which should be included in the O&Mmoal.

Facility, personnel, manufacturer, emergency redpm) and other applicable contact information;
Description, operation, and control of the wast@wateatment facility;

Basic hydraulic and engineering design criteriatli@r wastewater treatment facility;
Control of unit processes and performance evaloaéie well as equipment descriptions;
Procedural notification and reporting requirements;

Laboratory testing equipment and monitoring procesu

Common troubleshooting;

Start-up testing and procedures;

Normal operating procedures;

Emergency operating procedures;

Emergency shutdown operations and emergency respons

Records control and retention;

Safety and personnel requirements;

Regular maintenance requirements and repair irtgingcfor all equipment;
Replacement schedule for all equipment;

Spare parts and chemical inventory; and

Best management practices.

Appendix 2.1.1 General

The O&M manual provides for reliable and efficieperation and maintenance of the wastewater system.
Develop the manual in accordance with the uniqgeirements of the individual wastewater system and
provide the operator with adequate information deskription regarding the design, operation, and
maintenance features of the facility involved. ua# the following, at a minimum:

Facility, personnel, manufacturer, emergency redpm) Department of Natural Resources Regional
Office contact, and other applicable contact infation;

Contact information for all utility providers (e.gater, electric, gas, telephone, internet, MissDUG-
RITE, etc.)

Description, operation, and control of the wast@wateatment facility;

Basic hydraulic and engineering design criteriatli@ wastewater treatment facility;

Control of unit processes and performance evalna#ie well as equipment descriptions;
Procedural notification and reporting requirements;

Laboratory testing equipment and monitoring procesu

Common troubleshooting;

Start-up testing and procedures;

Normal operating procedures;
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* Emergency operating procedures;

* Emergency shutdown operations and emergency respons

* Records control and retention;

« Safety and personnel requirements;

» Regular maintenance requirements and repair irtiginscfor all equipment;
* Replacement schedule for all equipment;

e Spare parts and chemical inventory; and

» Best management practices.

Appendix 2.1.2 Equipment
A record of the equipment used in the system. T&®@anual needs to contain the following informatio

* Equipment common name,
* Process function,
» Date of purchase,
» Date of major maintenance or refurbishment,
» Pertinent mechanical/electrical data,
» Manufacturer and/or vendor,
* Model number,
* Serial number,
* Warranty, and
* Availability of spare parts.

Appendix 2.1.3 Personnel

This section is to reflect the personnel qualifmas/certification and numbers for the treatmentksar
collection system. The staffing plans for admim@igtm, supervision, operation, and maintenancd bkal
included. Indicate positions in the staffing thequire certification. Outline the minimum trainingeds for
administration and operational personnel in regtodkeir responsibilities.

Appendix 2.1.4 Emergency Procedures

Provide detailed procedures to follow in case ofi@ofailure, structural damage by tornados, ordko
equipment failure, operating short-handed, or otbwrseeable problems.
» Develop emergency procedures that address stépketdn response to plant or treatment unit upset,
including emergency notification procedures.
« Detail required operator responses to common emeyggtuations, including procedures for response
to permit discharge violations and collection systeverflows.
« If agreements are made with other utilities or @ggsto provide mutual aid, provide a copy of the
agreement and the scope of aid to be provided getgnt, personnel,etc).
* Provide a procedure to maintain an accurate lisbatact numbers required for response to common
emergency situations. Format the contact lishabit can easily be posted near the telephonie at
treatment plant.
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* Include response protocols for telecommunicatioitls l#ad or responsible operator if they are not on
site during an emergency, and discuss the abilithelead operator or other responsible offiamal t
provide oversight and control via remote accesbhédacility's SCADA system.

Appendix 2.1.5 Safety

Include a description of known or suspected haz@rdgerating personnel and the public and discuss
appropriate warnings and safety precautions. Tafetysinto consideration in all procedures spedif@
routine and emergency operations and for maintenpracedures. Items to consider identifying and
developing procedures for include:

» Electrical hazards,

* Mechanical equipment hazards,

* Explosion and fire hazards,

* Biohazards, i.e., bacterial type infection,
* Chlorine hazards,

* Oxygen deficiency and toxic gases,

e Laboratory hazards, and

* Process chemical handling and storage.

The manual should provide:
* Adiscussion of the importance of good housekeepragtices in relation to safety,

e Alist of available safety equipment for procesgsyn

* Alist of number and location of first aid kits anthnuals,

» Alist of safety rules for process and laboratagyipment, and
* A key to system piping paint color coding.

Appendix 2.1.6 Manual Availability

Provide a copy of the manual to the operator ankkenagailable for reference at the wastewater treatm
facility and other sites (lab, maintenance garageélic works department, etc).

Revise the manual to reflect any facility alteratigperformed or to reflect experience resultingrfifacility
operation. At a minimum, the manual should be mgee annually and when equipment is replaced ornnegha
Identify the date of the revision in the manual.

Appendix 2.2.1 Collection System

For collection systems (gravity sewers, alternaseeers, pump stations), EPA has provided a clstaHii

items to consider in their capacity, managemergratpons, and maintenance program. For more infooma

on developing a CMOM program, visit the Departmeptiblication on CMOM plan guidance, EPA’s website
on sanitary sewers, https://www.epa.gov/npdes/npdedechnical-reports-and-materials.
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Appendix 2.2.2 Collection System Map

The O&M manual for a collection system needs téude a map with the sewer attributes listed, whi t
following information:
* Map Orientation (North arrow)

* Scale

* Street names

* Pipe materials

e Location of flow monitors

* Pipe diameter

* Manhole location

 Manhole and other access points

e Main, trunk, and interceptor sewers

» Service area boundaries

e Pump stations

* Force mains

* Property lines

» Easement lines and dimensions

e Location of known sanitary sewer overflows (SS@sj
» Location of combined sewer overflows (CSOs).

Appendix 2.2.3 Line Cleanings

Recommended information for the O&M manual for selivees includes but is not limited to:
» Copy of the inspection form,

* Planned cleaning frequency,

* Procedures for cleaning lines,

» Procedures to document the cleanings, especiaetbhonducted by a hired contractor,
* Procedures to identify and correct problems discayeuring routine cleaning,

* Process to identify sewer lines with chronic protde

* Root control program, and

* Identify known problem areas on the map.

Appendix 2.2.4 Pump Stations

Recommended information for the operation and reagmice manual for pump stations includes but is not
limited to:

e Copy of the inspection form,
* Emergency operating procedures,
» Planned inspection frequency,
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» Procedure for pump operations to increase storagegiwet weather flows,
* Procedure for power loss operations,

* Procedures for testing alarms on a scheduled basis,

* Procedure to test the back-up power or generator,

* Procedure for cleaning the pump station, and

* Procedure to check or calibrate the flow meter.

Appendix 2.2.5 Inspections

Recommended information for the operation and reaemce manual for television and smoke testingidesd
but is not limited to:

e Copy of inspection form,

* Procedure and guidelines for inspection, TV andkanesting
* Rating system for the determining the severityefedts

* Documentation on the codes used in the TV results

* Procedures for the frequency and scheduling

* Procedure for informing the public, especially $onoke testing
e Procedure for isolating line segments

* Procedure for dye testing in smoke testing

Appendix 2.3 Unit Processes

For each unit, (e.g., screening, comminution, rgmoval, primary sedimentation, aeration, digestion
disinfection) describe in detail how to operate iné to achieve intended results. Include auxlsystems,
such as the potable water system, nonpotable wységm, gas system, electrical system, and alastersy as
“a unit process.”

Appendlx 2.3.1 Unit Process ldentification

Provide the information in Appendix 2.1.2 Equipmarteach unit

» State the purpose and intent of each unit; expharfunctional relationship to other units andhe t
plant as a whole, use schematics and other vigismba necessary.

* Provide a table of the design process operatingnpaters for the unit with typical ranges. Include a
process flow and solids balance diagram for eaphicgible unit process.

* Provide troubleshooting guide for correcting comrpooblems.

* Provide provisions to address excessive foaming) as hosing equipment and access to water.

* Provide a method and equipment to raise the dingifs to facilitate cleaning and maintenance.

* Include a complete summary of routine laboratomytia tests and physical measurements required for
unit process control, formatted as a quick refezasfdime, location, and type of sample required.
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Appendix 2.3.2 Unit Processes & Process Control

Descriptions must include instructions for unitrstg, shutdown, varied flow states (from very low
flow to design capacity) and operating during poagtages or other unusual situations.
Show the relationships between unit operation argdladl plant process control with emphasis plaged o
design purpose of the plant. Use visual aids whempessible.
Identify process evaluations and calculations #énatperformed periodically and supplemental toineut
process control.

o Include sample calculations and guidance on inéagion and evaluation of calculated values.

When practical, use graphical short cuts to fat#ipperformance calculations.

Provide the detailed procedures for:
o Manual and automatic process operation and coftr@ach operational mode;

o Unit process shutdown for each operational mod#uding adjustment of other affected unit
process to accommodate the shutdown;

0 Unit process start-up for each operational mod#itay the unit process back on-line, including
adjustment of other affected units;

o Adjusting or changing the operational configuratafrihe unit based on physical/chemical
process control tests;

o How calculations translate control data into stggstep procedures for control actions; and

o The frequency of the control procedure with adegeansideration for system response or lag
time.

Appendix 2.3.3 Chemicals

The O&M manual should include the following infortimen:

Safety data sheets for chemicals used, along htmeiquired or anticipated dosage. This information
should be shared with emergency responders.

Procedure explaining when chemicals are to be unstiak system.

Spill response procedures.

Compatibility with other chemicals being used.

Compatibility with other liquids, solids, and aieatment processes (e.g., interference).

Provisions for avoiding adverse impacts to efflueateiving waters, biosolids, or air quality (e.g.
interference, inhibition, pass through, accumutatiobiosolids).

Calculated appropriate design dosage ranges, imgjuaboratory tests (jar tests or pilot-scale sy
on actual process wastewater or operational daa &imilar facilities.

Appendix 2.3.4 Pumps & Electrical Controls
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» Schedule and procedure for checking the pump champbmps, valves, and floats regularly and
replacing or repairing worn or broken parts. Pungmenance should follow the manufacturer’'s
recommendations.

» Schedule and procedure for the routine observatbpsmps, motors, and drives for unusual noise,
vibration, heating or leakage; monitoring of disgepump rates and pump speed; and monitoring of
pump suction and discharge pressure.

» Copy of calculations used to adjust applicatioragesor irrigation rate and resulting retention time
the wet well or the dosing tank.

» Schedule for routine observations of control pamatches for proper positions.

e Schedule and procedure for checking electricakpantl conduits for corrosion.

e If the alarm panel has a “push-to-test” button esithe and procedure to check the alarm regularly.

» Schedule and procedure to test high water leveinalaf applicable, including any system meant to
communicate alarms to off-site individuals by meahan auto dialer or supervisory control and data
acquisition (SCADA) system, etc.

Appendix 2.3.5 Septic Tanks

« Schedule and procedure for septic tank regulaectggns and solids removal. The septic tank widde
to be pumped down to remove accumulated solidsrgéin every three- to five-years or more
frequently depending upon usage and wastewatergsireFailure to pump out the solids will lead to
clogged distribution lines and failure of a subauné system (if used).

e Measurements of solids depth and volume in thastptk should occur annually. Records of solids
removal must be retained for five years.

e Schedule and procedure to inspect all filters aaddes, etc.

» Contact information for the septic tank contraatlea

Appendix 2.3.6 Lagoons

« A schedule and checklist for observing the phystcaldition of the system. The lagoon should show
no signs of scum or solids floating on the surfasgel no foul odors, show no objectionable weeds,
and show no signs of going septic or currently deieptic.

* Freeboard measurement.

e The pump down volume and depth.

* The frequency and duration of the catastrophicamdnic storm events that the lagoon is designed to
store.

* Schedule of routine mowing including berms.

* Procedure for routine removal of woody vegetatattails, duckweed, etc.

« Plan for rodent control, such as muskrats, andirepethods for any damage sustained to the bersns, a
appropriate.
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Measurements of sludge depth and volume in theolagafficient enough to characterize the sludge
blanket should occur at least every five yearse départment recommends conducting sludge depth
measurements after the lagoon has been pumped deegurds of sludge removal must be retained for
five years. Sludge build up should not exceedvamaaye of one foot of accumulation or lagoon must
have sufficient treatment capacity.

Emergency bypass procedures and discharge repoetjugements.

Appendix 2.3.7 Diffusers

Include inspection and maintenance procedures @metlsle to inspect the outfall line and diffuser to
document its integrity and continued functioning.

Include procedures for the operators to removeraatated material from the diffusers (e.g., manholes
cleanout ports) and to maintain diffuser capaciuirt low initial operating flows.

Appendix 2.4 Wastewater Irrigation

Appendix 2.4.1 Application Fields

Detailed description of what types of vehicle aadf equipment can be used on the application fields
as vehicles, heavy equipment, or livestock coultact the soil, damage buried pipes, and destey th
vegetative layer.

Basis for design application rates, which may ideltydraulic loading, trace elements loading, or
nutrient (agronomic loading). Explanation of whiolading type is limiting and calculations used to
determine appropriate rates.

If applicable, agronomic application rates for thiéerent crops that may be planted on the appbtoat
fields.

Information on the types of vegetation designebdaased on the field and any allowed alternatives.
Schedule for the regular inspection of applicafields for equipment malfunctions, for signs of
wastewater ponding, and to ensure that wastewats ot runoff the application fields. A checkfist
the inspection of the application fields shouldentained, including periodic observations made
while the system is in operation.

Procedure for repairing erosion. Any erosion wied to be repaired and the vegetation needs to be
maintained (including harvesting and reseedingegessary).

Procedure for removing deep-rooted plants (e.gibshand trees), if applicable.

Appendix 2.4.2 Surface Application

A schedule and checklist for observing the phystoaldition of the system.
Schedule for equipment checks during irrigation wheén not in use.
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* Wastewater surface irrigation should occur whenéwvemeather and soil conditions are suitable, avhil
adhering to the design irrigation application rdieted on the operating permit.

» A diagram or schematic of the center pivot systeaveling gun, sprinkler system, etc. Procedure
required to maintain systems including a recorthefcalibration of the application rate.

« Contingency plan to cease irrigation should weatladitions change.

* Nighttime irrigation procedure.

e Spring start-up procedure of land application emépt.

* Winterization procedure of land application equipmény water left in piping or irrigation equipmten
could cause severe damage during freezing conditlaformation should be provided on typical freeze
dates for the area.

» List any grazing and harvesting deferments dueatbggen concerns.

Appendix 2.4.3 Subsurface Application

» Schedule for routine mowing or harvesting of thprapriate crop.

* A schedule and checklist for observing the physicaldition of the system.

« Schedule for equipment checks during subsurfadespersal and when not in use.

* Procedures for checking for ponding in the distitiuarea;

» Procedures for checking for surface water infilnator clear water flows from the dwelling or
structures into the system components and aroundtorthe soil absorption area;

* Procedures for checking the vegetative coverfasien or settling and any evidence of settling or
seepage in the area of the soil absorption comppnen

* Procedures for monitoring for proper operation efcimanical devices;

* Procedures for monitoring the dose volume and ojpgraressure head of the distribution system and
compare to baseline measurements;

* Procedures for flushing of distribution lateradsgd

* Procedures for review and documenting event cosngdgipsed time meters, flow meters, and alarm
conditions where present.

Appendix 2.5 Disinfection

« Copy of inspection report

e Procedure for disassembling and cleaning the vamomponents

* Procedure for removing deposits, such as iron argamese

e Procedure for inspecting the system components

* Procedure to test and calibrate equipment, as sa&ces

» Emergency response plan, especially if storingtergaseous chlorine

Appendix 2.6 Solids Handling and Disposal
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The O&M manual should be updated as additionadl$igire added for application or there is a chamgjes
method of application. Information in the manuabwgld include:

Representative samples on the biosolids or resdsatlium, calcium, magnesium, nitrate, total
Kjeldahl nitrogen, pH, phosphorous, potassium, imete, boron and fluoride.

Information on each piece of equipment used orafipication site, including any pumps, piping,
traveling guns, knifing operations.

Contain contact information for each land applmatiield, including owner’'s name, address, and ghon
number.

Emergency operations identified in the plan shandtlide additional fields available for land
application or the process the permittee will ddentake to obtain additional fields or if the pettes
will not land apply. If not land applying the bidsts, the manual should identify who is willing to
accept the biosolids, whether another wastewagatrtrent facility or a municipal landfill.

Appendix 2.6.1 Biosolids Land Application Fields

For each land application field, the O&M manualddanclude

Any site-specific considerations for spreading fsas:

0 Hauling equipment should be designed to prevetiagpi odor and other public nuisance.
Avoid soil compaction because compaction restptast root growth, which in turn limits plant
top growth.

0 The spreading tank truck should be provided witlor@irol so that the discharge valve can be
opened and closed by the driver while the vehile motion. The spreading valve should be of
the fail-safe type (that is, self-closing) or amliéidnal manual standby valve should be
employed to prevent uncontrolled spreading or agd|

o Consideration for immediate incorporation of sluddter spreading or subsurface injection to
reduce odors and runoff. When such method is atllian adjustment in the reduced rate of
ammonia loss into the atmosphere should be comslderthe computation for nitrogen balance.

The location of all existing and platted residenoesnmercial or industrial developments, roadsugd
or surface water supplies and wells within a qugd#&!) mile of the proposed site;

Available land area, both gross and net areasydia roads, right-of-way encroachments, stream
channels and unusable soils);

Distance from the wastewater treatment and thagéofacilities to the application site;

Proximity of site to industrial, commercial, residi@l developments, surface water streams, potable
water wells, public use areas such as parks, celeetnd wildlife sanctuaries;

Information on existing drainage systems, includmfgrmation on the subsurface or surface practices
tile drainage, intermittent flows, and practicespéoged such as capping of inlets;

The expected life span of the application fielddabsn the application rates and concentrationgeptes
in the biosolids or residuals.

A description of the suitable barriers restrictatggess
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Appendix 2.7 Laboratory

Ensuring compliance with discharge limitations agplorting requirements necessitates proper labgrato
practices and proper process control. Documenéibgratory practices and procedures is an important
component of daily plant operations and maintenanle laboratory section should include informationthe
following topics:

e Sampling System and Locations: Include an illustigilan identifying all sample locations.
Discuss special sampling considerations, such @sratic sampling systems or devices and the
requirement for representative sampling.

e Process monitoring and performance evaluation. 3déision should have a tabular summary of
sampling frequency, time (if important), locati@md type of sample for all required process
control tests. If special analysis equipment isinegl for a test, identify it.

e Identify what monitoring parameters for which thegte laboratory is accredited. If testing is
completed off-site, provide a list of analyticahdees and laboratories available for use in
conducting analyses.

e Discuss generally acceptable laboratory practiocelsiding

= |dentification of the appropriate Standard Methpdstocols used for analyses,
= Sample bench sheets and sample calculations,
= QA/QC tolerances and guidelines,
= Laboratory safety, and
= Procedures for submitting monthly discharge momitpreports.
¢ Include information on laboratory equipment andnsloals, including
= Lists of necessary laboratory equipment and prapage noting importance of quality
control.
= List of laboratory chemicals with common namesnaical names and formulas, and
= List of suppliers' names, quantities used and divel§.

e Develop standardized procedures on the way to coereors in recording data.

e Develop arecord keeping system that organizesatditection for process control and any
information required by the Department.

= Show samples of records to be kept and reinforedyies of records to keep, such as
calibration records, maintenance logs, and alags.lo

Appendix 2.8 Records and Recordkeeping

» Efficient record keeping requires an analysis obrd data to define essential and useful infornmatio
and to develop appropriate forms or databasesiimmnize the possibility of error or omission. The
record keeping program must establish the protdoolsmely recording of data by the person obtagni
the measurements. Include sample or master dd&ztwoh forms in the manual.

* Provide a procedure for keeping necessary documentigaining pertinent information about the
treatment works or collection system safe from podé disasters.

Appendix 2.8.1 Pretreatment & Septage
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* Include a copy of each agreement that has been wiluenajor discharger or septage hauler. Identify
the discharge frequency, amounts, and constitdentsach major discharger, especially the toxics or
components which will affect the biological opeoatiof the wastewater treatment plant.

* Include a copy of the sewer ordinance for reference

* Maintain a copy of the biosolids application plarother plans for biosolids. If the facility has a
biosolids permit, include a copy. Include copiésvhere and when biosolids was land applied.

Appendix 2.8.2 Other documents

The manual should identify where specific inforroatis available for reference, including:
e The current NPDES permit,
* Other Department issued permits,
* As-built engineering drawings,
» Copy of construction specifications,
* Equipment suppliers’' manuals,
» Data cards on all serviceable equipment,
» Construction photographs, and
» Personnel records, including documentation of reaggdraining.
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