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10 CSR 20-8.200 Wastewater TreatmerjfPonds (Lagoons)].agoons and Land Application

PURPOSE: The following criteria have been prepaasdh guide for the design of waste-water treatrpents
(lagoons). This rule is to be used with rules 1(R2H-8.110-10 CSR 20-8.220 for the planning andydexf the
complete treatment facility. This rule reflects thmimum requirements of the Missouri Clean Watem@ission
as regards adequacy of design, submission of plproval of plans and approval of completed-{segagrks]
wastewater treatment planit is not reasonable or practical to include all pscts of design in these standards.
The design engineer should obtain appropriate reface materials which include but are not limited: tcopies of
design manuals such as Water Environment FederatoManuals of Practice, and other wastewater pumgin
station design manuals containing principles of azuted engineering practic®eviation from these minimum
requwements will be allowed Where sufflment doeutauon is presented to Justlfy the deviation. Seheriteria are

Standa;ds—feré‘,ewage—\%lerks—and-are] based on ﬂslam‘ermatlon presently avallablmcludmg the Great

Lakes-Upper Mississippi River Board of State andRicial Public Health and Environmental Managerd hese
criteria were originally filed as 10 CSR 20-8.030d 10 CSR 20-8.220t is anticipated that they will be subject to
review and revision periodically as additional infeation and methods appear. Addenda or supplenterttss
publication will be furnished to consulting engireand city engineers. If others desire to receigdenda or
supplements, please advise the Clean Water Conemissithat names can be added to the mailing list.

Editor's Note: The secretary of state has determitiat the publication of this rule in its entiretypuld be unduly
cumbersome or expensive. The entire text of theriabteferenced has been filed with the secretdrstate. This
material may be found at the Office of the SecyetdrState or at the headquarters of the agencyisadailable to
any interested person at a cost established by saai.

(1) Definitions. Definitions as set forth in thee@h Water Law and 10 CSR 20-2.010 shall apply ¢setterms
when used in this rule, unless the context cledires otherwise. Where the terhshall’ and“must are used,
they are to mean a mandatory requirement insofappsoval by thgagency] Missouri Department of Natural
Resource (department)is concerned, unless justification is presenteddivriation from the requirements. Other
terms, such asshould, “recommend, “ preferred and the like, indicatfgiscretionary requirements on the part of
the agency and deviations are subject to individoahsideration] the preference of the department for
consideration by the design engineer

(A) Deviations. Deviations from these rules may bapproved by the department when engineering

justification satisfactory to the department is provided. Justification must substantially demonstratan

writing and through calculations that a variation(s) from the design ries will result in either at least

equivalent or improved effectiveness. Deviations arsubjectto case-by-case review with individual project

‘COI’]SIderatIO 777777777777777777777777777777777777777777777777777777 i Comment [D1]: David Cavendar cmt-define slo}w
(B) Land application is the application of wastewagr at rates up to the maximum amount which can be ~_ | rate land application
renovated by the soil—plant filter without detrimental effects to surface or groundwater soils or crop. Land N \[c‘,mment [D2]: Add subsurfce definitior ]
application installations are to be used where thezaste contains pollutants which can be successfully
renovated through organic decomposition and the adsptive, physical and chemical reactions in the sband
vegetation. The land application of wastewater magecharge the local groundwater or reemerge into
streams; therefore, the quality, direction and rateof movement and local use of the groundwater, prest and
future, are important considerations in evaluatinga proposed site. It is essential to maintain an aated zone
in the soil to provide good vegetative growth andemoval of nutrients. A groundwater mound may develp
after the system is in use. Major factors in the dggn of land application systems are topography, s,
geology, hydrology, weather, agricultural practicecrop, use of crop, adjacent land use, equipmentisetion
and installation.
(C) No Discharge Lagoon. A no-discharge lagoon islagoon system consisting of one or multiple cells
designed to hold the one and ten year storm evemius a minimum of sixty days of wastewater without
discharging. No discharge lagoons are used in therges with a surface or subsurface land application
(D) Subsurface Land application or irrigation is amethod of dispersing effluent from a wastewater tratment
facility into subsurface soil uniformly and under unsaturated soil conditions allowing for efficient vater use
and nutrient uptake by vegetation.
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(E) Wastewater reuse is the application of wastewet for maximum economic return from the cropping
system. Application rates will approximate the irrigation deficit and normally will not exceedtwenty four
inches (24") (60 cm)per year.

(2) [Exceptions. This rule shall not apply to facilgidesigned for twenty-two thousand five hundrecb(®2)
gallons per day (85.4 #nor less (see 10 CSR 20-8.020 for the requirenfenthose facilities).JApplicability.
This rule shall apply to all wastewater treatment &cilities. This rule shall not apply to animal feeding
operations, animal manure management systems or athagricultural waste management systems. Design

quide and criteria for these facilities are foundm 10 CSR ZO-MOThis rule shall not apply to sludge storage _ _ - { Comment [D3]: Comment from Darrick Steen;
lagoons or the land application of sludge. Desigrugles and criteria for these facilities are foundn 10 CSr discussed at the April stakeholder mtg; at
20-8. 170.

(3) General. This rule deals with generally usedat@ns of treatmerfponds] lagoonsto achieve secondary
treatment including controlled discharge pond systeflow-through pond systemfand] aerate pond systems
lagoon retrofits and land application

A) [Ponds].agoonsutilized for equalizatiofy percolation, evaporationfind sludge storage w(thot be discussed
in this rule] be discussed in 10 CSR 20-8.150 and 10 CSR 20-8.Wastewater reuse beyond land application
and subsurface dischargds not discussed in this rule.

(B) Industrial Wastes. Consideration shall be given tohe type and effects of industrial wastes on the
treatment process It may be necessary to pretreat industrial discheges. Industrial wastes shall not be
discharged tolagoons or to land application systerwithout assessment of the effects the substancesynteave
upon the treatment processor requirements in accorhce with state and federal laws. Whenever indust
wastes are a significant part of the wastewater fle, the department may require more stringent seepag
limitations and liner design considerations.

(A) [Supplementary] agoon Field Survey Data.

1. The location and direction of all residencesno®rcial developments, parks, recreational aredswaater

supplies, including a log of each well if availabihin [one half (1/2) mile (0.8 knﬁ) of the propdsgpond]lagoon _ _ - {Comment [D4]: 0.25 miles-Bros: ]
and land application siteshall be includedin the engineer’s report]

2. Land use zoning adjacent to the propdpedd] site shall be included.

3. A description, including maps showing elevatiaral contours, of the site and adjacent area $iwall
provided. Due consideration shall be given to aoidil treatment unlts and/or |ncreased waste |aggsdiim
determining land requirements. Curr@dhited épvaService]National
Resources Conservation Service (NRCSounty Soil Surveysmaps may be considered adequate for preliminary
evaluation of the proposed sit€he purpose of the investigation is to assemble alable information to
determine if soil borings and soil tests are requid to design a pond which will meet the seepage
requirements. The investigation should be done usindata such agSei-Conservation-Service{SCS)] National
Resources Conservation Service (NRC®ounty Soil Surveys, U.S. Geological Survey topogpaic maps and
the required geological evaluation from the Departrent of Natural ResourcesMissouri Geological Survey.
Visual inspection of the area noting topography, weareas, vegetation and ditching is useful and mape
necessary, particularly if maps are not detailed ad/or soil maps do not exist. Information gatheredfom this
investigation should be particularly useful in evaliation of the site with regard to estimating possile soil
variability and suitability.

4. The location, depth and discharge point(s) offald tile in the immediate area of the proposéd shall be
identified.

5. A geological evaluation of the proposed lagoive grepared by thgDivision of Geology and Land Survey
(DGLS)] Missouri Geological Surveyshall be submitted. To obtain this geological esttn of the proposed site,
the engineer shall submit the following informatimnthe Department of Natural Resourd&xyision of Geology
and Land SurveyMissouri Geological Survey P.O. Box 250, Rolla, M@65401] 65402

A. A layout sheet showing the proposed locatione Tayout shall include the legal description, prope
boundaries, roads, streams and other geographiudinarks which will assist in locating the site;

B. Size of the lagoon and/or approximate volumeasdte to be treated,;

C. Maximum cuts to be made in the constructiorheflagoon; and
D. Locatlon and depth of cut for borrow area, ifan

= dl - -| Comment [D5]: Elke Boyd's cmt #1; discussed
6 All potentlal Iagoon snes WI|| receive a ratlng fom the geolog|cal evaluation. The rating will inferthe \ at April mtg; remove
relative geological limitations for designing and enstructing a lagoon at the site in question. X \[c‘,mment [D6]: David Cavendar cmt #2 ]
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A. Whenever the geological evaluation indicates tha site has slight limitations, the requirements dr
additional soils site investigation as set forth insubsection 8 of this rule, may not be required bythe
department. The department may require that the reslts of density tests, taken on the finished lagoolmer,
be submitted and approved prior to putting the pondinto operation.

B. Whenever a site has moderate geological limitatns, the department may require one (1) or all ofrite
requirements for a detailed site investigation aset forth in subsection 8 of this rule. The departmet may
require density tests, taken on the finished lagoofiner, be submitted and approved prior to putting the
lagoon into operation.

C. Sites that have severe geological limitationsrfaonstruction of wastewater stabilization lagoonsvill be
reviewed on a case-by-case basis. The departmentynaquire artificial liners in these situations. In general,
where there is high collapse potential due to bedok and soil conditions, the use of lagoons will nobe
allowed. Exceptions may be granted dependent uporé type of liner proposed and where the geological
considerations have been thoroughly evaluated sodhthe risk of groundwater contamination is minimized.

D. Where liners are used in storage or treatment ksns for wastewaters of an industrial nature, the
summary of design data shall document that the limeor storage structure material is capable of containg
the wastewater for at least twenty (20) years anchall specify repair or replacement procedures in te event
of leakage or damage to the seal. Secondary contaient or leakage detection and collection devices ahbe
considered for corrosive or reactive wastewaters ah for toxic materials. The department may require
leakage testing and submittal of density tests anolf coefficient of permeability on the finished line prior to
placing the structure into operation.

7. Data from all soil borings conducted by a prsiesal soil testing laboratory to determine suteeefsoil
characteristics and groundwater characteristiaduding elevation, at the proposed site and th#&ce on the
construction and operation of a pond shall alsk)rbuide%.

A. All boring holes shall be filled and sealed. o {

B. The permeability characteristics of the pond bottord pond seal material shall also be studied.

C. At the facility plan stage particle size analysidterburg limits, standardProcter] Proctor density
(moisture-density relations) or permeability cog#nt may be required on a case-by-case basisfiectresoil
characteristics.

D. At the twenty percent (20%) design stage, soil ysislof each representative soil material including

particle size analysis, Atterburg limits, standdRrocter] Proctor density (moisture-density relations) and
permeability coefficient of the compacted soil asasured in a falling head permeameter or otherprestedure
acceptable to the agency may be required.

E. Soil borings may be required in each geologicahamedetermine depth to piezometric surface and to
bedrock. Recommendations of fi®GLS] Missouri Geological Surveywill be used to establish the required tests

b ///i

at the facility plan and twenty percent (20%) desitagesb.

8. Site Investigation. A preliminary investigationfor a lagoon site should be undertaken to screensaudy
area for potential sites before a detailed site irastigation, if required, is undertaken.

1. Detailed Soils Investigation. If a detailed sitinvestigation is needed to substantiate feasitijfiand design
of a project at a selected site with regard to degn requirements, the quantity and quality of soil naterials on
site (and borrow) must be identified and evaluatedor use in the pond and/or liner construction. Thedesign
concepts and objectives of the investigation shoulte made clear by the consulting engineer to the qlified
soil engineering party doing the field work so thatan investigation strategy can be developed and digfent
data collected. Most important, an identification é the volume of the soil needed for the liner musbe
determined. The department may require the followiry to be included in the soils investigation:

A. Exploration shall be sufficient to identify and define the quantities and quality of the soil liner
materials. The use of test pits, split barrel or tm wall sampling or a combination of these techniges may be
used depending on the total area of investigationna the depth to which exploration is needed. The flmwing
information, in whole or in part, may be required by the department:

. Atterburg limits;

. Standard Proctor density (moisture/density relabnships);
. Coefficient of permeability (undisturbed and renolded);

. Depth to bedrock;

. Particle size analysis; and

. Depth to seasonal high groundwater table.

OO WNPE

Comment [D7]: David Cavendar cmt #3D-defi
what is more closely needed or remove

}

Comment [D8]: LIM August 15-is this an
appropriate condition to maintain?
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B. Information gathered from the investigation shold be presented on a base map drawn to scale and
referenced to U.S. Geological Survey datum. Slopkndscape position and other surface features shaliblso
be included. Stratigraphy of soils should be showmnising cross sections or fence diagrams when soihdir
material is to be identified. Copies of original bang and other soil test logs shall also be include An
interpretation of the collected data shall be incquorated into the report. Any site constraints and low they
will be dealt with should be discussed.

[(B)] (C) Site Information.

1. Distance from habitation. Lagoon sites shouldbéar as practicable from habitation or any avkigh may
be built up within a reasonable future period. Eugency does not attempt to set any minimum distéra
habitation since each case must be judged upomwitsmerits.

2. Prevailing winds. If practicabl§onds] lagoons and spray land application siteshould be located so that
local prevailing winds will be in the direction ofinhabited areas.

3. Surface runoff. Location of [pond§lgoonsin watersheds receiving significant amounts of rateater
runoff is discouraged. Adequate provisions musinaele to divert stormwater runoff around the pormls arotect
embankments from erosion.

4. Hydrology. Construction dponds] lagoonsin close proximity to water supplies and other Ifaes subject
to contamination should be avoided. A minimum safpan of four feet (4') (1.2 m) between the bottofhthe pond
and the maximum groundwater elevation should bextaimied where feasible.

5. Groundwater pollution. Proximity of lagoons t@ter supply located in areas of porous soils assufed
rock formation shall be elevated to avoid creatbhealth hazards or other undesirable condititirtee geological
report from[DGLS] Missouri Geological Surveymakes suggestions for remedial treatment of tiee thie engineer
shall comply with the suggestions. In some casesehgineering geologist requests to visit thediiténg or after
construction. When a request is made, the congudtitgineer shall comply with the request.

6. Additional storage volume should be considered fosludge and in northern [climates] Missouri, ice
cover.

(5)Basis of Design. B

(A) Quality of Effluent. A controlled discharge bikzation [pond] lagoon (four (4)-cell) will be considered
capable of meeting effluent limitations of thirt30) mg/l biochemical oxygen demand (B§)@and thirty (30) mg/I

suspended solids. Flow-through stabilizatjponds] lagoons (three (3)-cell), and aerated lagoon systems vl b
considered capable of meeting effluent limitatiofishirty (30) mg/l BOR and eighty (80) mg/I suspended solids.

Flow-through lagoon systems and aerated lagoomsgstoliowed-by submerged-sand-filtenglith retrofits will
be considered capable of meeting effluent limitatiof twenty (20) mg/l BOPand twenty (20) mg/l suspended
solids and partial ammonia removal Lagoons may be incorporated into irrigation syseor systems utilizing
chemical coagulation and filtration to meet thechargerequirements of 10 CSR 20-7.015.

(B) Area and Loadings for Discharging Lagoons.

1. Controlled Discharge Stabilizatiffonds] Lagoons (four (4)-cell).[Pond] Lagoon design for BOR loadings

shall not exceeb thirty-four (34) Ibs./acre/day (@8 per hectare per déy) at the three-foot (39 (i) operating_ _ -

depth in the primary cells. The primary cell shalfollowed by a secondary cell having 0.3 the afehe primary
cell and by two (2) storage cells. The two (2) ager cells shall have a volume above the two-fodpt((26 m) level
for one (1) month's storage of average daily floweach cell. At least one hundred twenty (120) ddgtention
time between the two-foot (2') level (0.6 m) and thaximum operating depth shall be provided inethiirefperd}
lagoon system. Flow can be based on one hundred (10@rgafier capita per day (3&ap/d) or other values if
data is presented to justify the rate. Primary sembndary cells shall be designed for water dagitte a maximum
of five feet (5') (1.5 m). The storage cell shobkl made as deep as possible up to a maximum déptgh feet
(8) (2.4 m).

2. Area and Loadings for Flow-through StabilizatjfBonds] Lagoons (three (3)-cell)[Pond] Lagoon design
for BODs loadings shall not exceed thirty-four (34) poupeds acre per day (38 km per hectare per day). €bensl
cell must be at least 0.3 the area of the firdtaradl the third cell 0.1 the area of the first c&lhe first and second
cells must have a variable operating level of betwevo feet (2') (0.6 m) and five feet (5') (1.5. e third cell
must have a variable operating level of betweenfeed (2') (0.6 m) and eight feet (8') (2.4 m). &gion time of at
least one hundred twenty (120) days must be prdviBlws of less than one hundred (100) gallonscpeita per
day (.38 n¥cap/d) may be used if data is presented to jusiiiiower rate.

3. Area and Loadings for Aerated Lagoons. For tieetbpment of final design parameters it is recomnmee
that actual experimental data be developed; howéveraerated lagoon design for minimum deteniine imay be
estimated using the following formula:

Comment [D9]: Cmt from April mtg- add storag
basin desing; specify lagoon sizing for land
application; what about new ammonia

Additional treatment may be required; loading
change

Comment [D10]: LIM August 15 cmt- should
loading be reduced. BOD loadings in the 8.180
biological treatment section were reduced to <t&0||
per 1,000 ft3/day
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2.3 K; x (100-E)
where:
t = detention time in the aeration cell in days;
E = percent of BOBto be removed in an aeratgbnd} lagoors and
K, = reaction coefficient aerated lagoon, base 10.

A. For normal domestic sewage the Kalue may be assumed to p&5} 0.06 per day for Missouri
conditions. The reaction rate coefficient for dotitesewage which includes some industrial wasteerot
waste or patrtially treatepbewage]wastewater must be determined experimentally for various ok
which might be encountered in the aerdshds}Hagoons Conversion of the reaction coefficient at other
temperatures shall be based on experimental data{dewage]wastewaterstrength should also consider
the effect of any return sludges.

| i ]
B. Oxygen requirements generally will depend onfBt@B:} ammonialoading, the degree of treatment and
the concentration of suspended solids to be maiedaiAeration equipment shall be capable of maiirtgi
a minimum dissolved oxygen level of two (2) mg/tie[ponds] lagoons at all times:he aeration
equipment shall be capable oat least 1.4 Ibs. of oxygen per Ib. of BOD removezhd where

nitrification is required; the aeration equipment shall have the capacity to provide an additional 4.6
Ibs. of oxygen per Ib. of ammonia nitrogen.

[4. Suitable protection from weather shall be pdrd for electrical controls. The aeration equipmshall
be capable of providing 1.3 pounds of oxygen penpof BOR (1.3 kg/kg BOE) removed. BOBremoval
shall be based on warm weather rates. Aerated sélidl be followed by a polishing cell with a vokiof
0.3 of the volume of the aerated cell (see 10 BB P80 for details on aeration equipment).]

C. A sufficient number of aerators shall be providd so that a design level of dissolved oxygen witha

particular cell shall be maintained with the larges capacity aerator in that cell out of[ service.

- ‘[ Comment [D11]: Elke Boyd cmt #10

1. Floating surface aerators should be anchored iat least three and preferably four
directions. Interconnection of floating aerators isdiscouraged. Flexible cables are
preferred over rigid ones.

2.Surface aerators should be designed to preveming. Consideration should be given to the
installation of splashplates for control of mistirg. For platform mounted aerators, the
platform legs should be spaced at a sufficient diahce from the aerator to minimize the
effect of ice build-up caused by splashing.

D.-Aerator design should provide for periodic and najor maintenance and repairs and shall provide
for removal of the aerators for replacement if necgsary. Provisions shall be made for independent
operation of each aerator by on/off switches, timelocks, etc.

E. Diffused aeration. The design for compressed airolume requirements shall include the basin
aeration requirements together with air used in otler channels, pumps, or other air-use demands. The
air diffusion equipment shall be capable of maintaiing sufficient mixing and oxygen concentration in
the aerated volume under maximum seasonal demandrmuditions. Provisions shall be made for
removal of depasits for unclogging of air diffuselopenings. Consideration should be given to
minimizing the points of access necessary for cleig.

1. The specified capacity of blowers or air compre®rs, (particularly centrifugal blowers),
shall take into account that the air intake temper&ure may reach 40°C (104°F) or higher
and the pressure may be less than normal. Air filtes shall be provided in numbers,
arrangement, and capacities to furnish at all timesn air supply sufficiently free from dust
to protect equipment and prevent clogging of the diiuser system used.

2. The blowers shall be provided in multiple unitsso arranged and in such capacities as to
meet the maximum air demand with the single largestnit out of service. The design shall
also provide for varying the volume of air deliverel in proportion to the design load for
individual cells of the lagoon system.

3. In the summary of design, calculations shall berovided to verify that blower pressure is
sufficient to dewater the diffuser lines at saturabn conditions under normal operating
depths.

F. Diffusers shall be arranged in each basin to prade tapered aeration with maximum intensity near
the inlet. The spacing of diffusers shall be in accdance with the oxygenation requirements of the
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total process, i.e., the organic loading in each IlteDiffuser spacing should be designed to facilite
adjustments without major revision to air header pping. The arrangement of diffusers should also
permit their removal for inspection, maintenance, ad replacement without completely dewatering the
basin and without shutting off the air supply to oher diffusers in the basin.

G. Individual assembly units of diffusers shall beequipped with control valves, preferably with
indicator markings for throttling or for complete shut-off. Provisions must be made for subsequent air
flow or pressure measurements and necessary air floadjustments. Diffusers in any single assembly
shall have substantially uniform pressuré Io$and hydraulic residence time

(C) Area and Loadings for Land Application StoraqéBasi_rr$

1. At a minimum, treatment prior to land application shall provide treatment equivalent to that obtaired
from a primary wastewater pond cell designed and gustructed in accordance with sections(6) and (7) dhis
rule, except that the pond depth may be increasedtinclude wastewater storage on top of the primary
volume.

2. Separate storage cells may also be used. The rnaxm organic loading on the primary cell(s) at a weer
depth of three feet (3") shall not exceed thirty-for pounds (34 Ibs.) of BOD per acre per day.

3. Storage requirements _shall be based on the dgs wastewater flows and net rainfall minus evaportion
expected

for a one (1) in ten (10) vear return frequency fotthe storage period selected. The storage volume fo
wastewater land application storage basins shall bealculated based on the useable volume above theot
foot (2" level. The minimum total days’ storage rguired for no discharge ranges from sixty (60) days
southern Missouri to one hundred twenty (120) days northern Missouri. These requirements assume thiza
permanent cover crop is in place and the primary ptpose of the system is wastewater treatment. If the
system uses row crops, or crop production is the pnary goal, storage should be increased to correspd
with crop planting and harvesting schedules. See &#n (8) of this rule for additional information.

4. The normal operating level for all ponds shoulde between the two-foot (2') level and the high wat
level. The normal operating level for all ponds shaid be between the two-foot (2" level and the higwater
level.

5. A permanent depth measurement gauge or marker sl be installed in the pond(s) and shall be easily
readable at one-foot (1) increments or smaller. Té gauge shall be placed in a suitable location wteeit is
easily accessible during routine operations.

(D) Area and Loadings for Lagoons utilized for FIoquuaIization[

1. General. Flow equalization can reduce the dry vegher variations in organic and hydraulic loadingsat any A{

Comment [D12]: April mtg cmt> hydraulic
residence time

,,,,,,,,,,,,,,,,,,,,,,,,,,,,, _ - - { comment [D13]: From 10 cCSR 208.020 |

Comment [D14]: From 10 CSR 20-8.150(7) an
10 CSR 20-8.020

wastewater treatment plant. It should be provided vinere large diurnal variations are expected.

2. Location. Equalization basins should be locatedownstream of pretreatment facilities such as bargeens,
comminutors and grit chambers.

3. Type. Flow equalization can be provided by usingeparate basins or on-line treatment units. Equatation
basins may be designed as either in-line or sidex units.

4. Size. Equalization basin capacity should be sidfent to effectively reduce expected flow and load
variations to the extent deemed to be economicalgdvantageous. With a diurnal flow pattern, the volune
required to achieve the desired degree of equalizen can be determined from a cumulative flow plot wer the
representative twenty- four (24)-hour period.

5. Operation.

A. Mixing. Aeration or mechanical equipment shall ke provided to maintain adeguate mixing. Corner
fillets and hopper bottoms with draw-offs should beprovided to alleviate the accumulation of sludge
and grit.

B. Aeration. Aeration equipment shall be sufficiento maintain a minimum of 1.0 mg/l of dissolved
oxygen in the mixed basin contents at all times. Asupply rates should be a minimum o2.0cfm per
one thousand gallons (1000 gal) of storage capacifthe air supply should be isolated from other
treatment plant aeration requirements to facilitateprocess aeration control. Standard process
aeration supply equipment may be utilized as a soge of standby aeration.

C. Controls. Inlets and outlets for all basin compements shall be suitably equipped with accessible

external valves, stop plates, weirs or other devisd¢o permit flow control and the removal of an

individual unit from service. Facilities shall alsobe provided to measure and indicate liguid leveland
flow rates. The total equalization volume shall be large enoumgto effectively reduce both flow and load
variations.
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D. Suitable access shall be provided to facilitatihe maintenance of equipment and cleaning.

service of the other cells.

(F) [Pond] Lagoon Shape. The shape of all cells should be so thaé thee no narrow or elongated portions.

Round, square or rectangufponds] lagoonswith a length not exceeding three (3) times thdthvare considered
most desirable. No islands, peninsulas or covel sbgermitted. Dikes should be rounded at cortenmsinimize
accumulation of floating materials. Common dike stoinction, wherever possible, is strongly encoutlage

[(G) Industrial Wastes. Consideration shall be give the type and effects of industrial wasteshentteatment
process. In some cases it may be necessary teptetdustrial or other discharges. Industrial westshall not be
discharged to ponds without assessment of theteffhe substances may have upon the treatment gsoce
discharge requirements in accordance with state fadeéral laws.]

(H) Additional Treatment. Consideration should kieeg in the design stage to the utilization of &ddal
treatment units as may be necessary to meet apjglidéscharge standards (see paragraph (4)(A)Biofule).

(6) [Pond]Lagoon Construction Details.
(A) Embankments and Dikes.

1. Material. Dikes shall be constructed of reldiivienpervious material and compacted to at leasety+-five
percent (95%) standarflProcter] Proctor density to form a stable structure. Vegetation afiter unsuitable
materials shall be removed from the area wherehigankment is to be placed.

2. Top width. The minimum dike width shall be eidét (8') (2.4 m) to permit access of maintenaretecles.

3. Maximum slopes. Inner and outer dike slopesd simlbe steeper than three horizontal to one aadr{B:1).

4. Minimum slopes. Inner slopes should not bedtathan four horizontal to one vertical (4:1). Edatslopes
can be specified for larger installations becauseave action but have the disadvantage of addedosh areas
being conducive to emergent vegetation. Outer sigpell be sufficient to prevent surface runofhirentering the
ponds.

5. Freeboard. Minimum freeboard shall be two f@8t (0.6 m). For{-{few—lapge—eeub}cells greater than five _ -

acres; three feet (3') (1.0 m) should be considered.

6. Design depth. The minimum operating depth shdeldsufficient to prevent growth of aquatic plaatsi
damage to the dikes, bottom, control structuresitea equipment and other appurtenances. In ne sfasuld pond
depths be less than two feet (2) (0.6 m). Thegaesiater depth for aerated lagoons should be tdiftéen feet
(10-15") (3—4.5 m). This depth limitation may béesdd depending on the aeration equipment, wastagth,
climatic conditions and geologic conditions.

7. Erosion control. A justification and detailedsdission of the method of erosion control which

encompasses all relative factors such[pmd] lagoon location and size, variations in operating deptesl
material, topography, prevailing winds, cost breaiud, application procedures, etc., shall be pravide

A. Seeding. The dikes shall have a cover layeedilé topsoil with a minimum thickness of four ires (4")
(10 cm) to promote establishment of an adequatetatige cover wherever riprap is not utilized. Ptiw prefilling
(in accordance with paragraph (6)(C)3. of this yubtequate vegetation shall be established orsdiken the
outside toe to one foot (1) above the water lireasured on the slope. Perennial-type, low growaspgeading
grasses that minimize erosion and can be mowedast satisfactory for seeding of dikes. In geneatiglfa and
other long-rooted crops should not be used foriegesince the roots of this type are apt to implaérwater holding
efficiency of the dikes. Alternate dike stabilizati practices may be considered if vegetative camamot be
established prior to prefilling.

B. Additional erosion protection. Riprap or sombestacceptable method of erosion control is requa® a
minimum around all piping entrances and exits. &emated cell(s) design should ensure erosion ioteon the
slopes and bottoms in the areas where turbulent®eadur. Additional erosion control may also becessary on
the exterior dike slope(s) to protect the embank(sgfrom erosion due to severe flooding of a watarrse.

C. Alternate erosion protection. Alternate erosimmtrol on the interior dike slopes may be necegsgar
ponds which are subject to severe wave actiorhdae cases riprap or an acceptable equal shalhbedpfrom one
foot (1) (.3 m) above the high water mark to tveetf (2') (0.6 m) below the low water mark (measwedhe
vertical).[This protection should also be provided in therage cells of a controlled discharge (four (4)-¢gibnd
and the third cell of a flow-through pond (threg-¢2Il) where large fluctuations in operating depthill occur.]

(B) [Pond] Lagoon Bottom.

{

Comment [D15]: LIM August 15- size still
appropriate

{

Comment [D16]: LIM June 1 Question: define
very large cell?
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1. Soil. Soil used in constructing the pond bottgrat including the seal) and dike cores shall Hecsed to
avoid settlement. Soil shall be compacted with iti@sture content between two percent (2%) below fand
percent (4%) above the optimum water content artti¢cspecified standaférocter] Proctor density but no less
than ninety-five percent (95%) standdfrocter] Proctor density. Any soil borings and tests to determine
characteristics of surface soil and subsoil shalldomade part of the summary of design data. The batn
should be cleared of vegetation and debris.

2. All lagoonsshall be sealed so that seepage loss through thelds as low as possible. Thegoonseal
shall cover the bottom and extend up the inner dikeslope to where the side slope intersects with thep of the
dike. Seals consisting of soils, asphalt, soil centeor synthetic liners may be used provided the peneability,
durability and integrity of the proposed materials can be satisfactorily demonstrated for anticipated
conditions. Bentonite, soda ash or other sealingds may be used to achieve an adequate seal in sgsteusing
soil.

A. The design permeability of thelagoon seal shall not exceed five hundred (500) gallons rpacre
per day in areas where potable groundwater might beome contaminated or when the wastewater contains
industrial contributions of concern. Design seepagetes up to thirty-five hundred (3500) gallons pelacre per
day may be considered in other areas where potabfigoundwater contamination is not a problem, providel
that the pond cells will maintain adequate water leels to provide treatment and avoid nuisance condins.

B. Soils having a permeability coefficient of 10 centimeters per second or less with a compacted
thickness of twelve inches (12") will be acceptablas a pond seal for water depths up to five feet'j5and for
seepage losses less than five hundred (500) gallqres acre per day. For permeability coefficients geater
than 107 centimeters per second (cm/sec) or for heads oviive feet (5') such as an aeratethgoon system, the
following equation shall be used to determine minimm seal thickness:

HxK

5.4 x 10 cm/sec
where
K = the permeability coefficient of the soil in qustion;
H = the head of water in the pond; and
t = the thickness of the soil seal.

C. All lagoonsshall be prefilled to protect the liner, to preventweed growth, to reduce odor, to allow
measurement of percolation losses and to maintain eisture content of the seal.

D. If measurement of percolation losses is requirethy the department. In no case shall measured
percolation losses exceed thirty-five hundred (3500gallons per acre per day. In areas where there ia
significant potential for groundwater contamination, justification shall be provided before measured
percolation losses will be allowed to exceed fivaihdred (500) gallons per acre per day and in no casshall
percolation losses exceed seventeen hundred (1788)ons per acre per dayl Whenever industrial wasteare
a significant part of the wastewater flow, the depadment may require more stringent seepage limitatios and

liner design consideration$Measured percolation losses in excess of one-sittiéach (1/16") (1.6 mm) per day _ - {Comment [D17]: Elke Boyd cmt #11

will be considered excessive.

3. Design. The following criteria are for design ad construction of soil liners. Engineering reportsplans and
specifications should address these criteria.
A. The soils used for construction of a wastewatestabilization pond liner should meet the following
minimum specifications:
1. Be classified under the Unified Soil Classificain Systems as Cl, Ch, Gc or Sc;
2. Allow more than fifty percent (50%) passage thragh a No. 200 sieve;
3. Have a liquid limit equal to or greater than thity (30);
4. Have a plasticity index equal to or greater thatwenty (20); and
5. Have a coefficient of permeability equal to ordss than 1 x 10 centimeters per second when
compacted to ninety percent (90%) of standard prodr density with the moisture content between two
percent (2%) below and four percent (4%) above theptimum moisture content;
B. The minimum thickness of the liner is twelve inbes (12"). For soils which have a coefficient of
permeability greater than 1 x 10’ centimeter per second, liner thickness of more thmtwelve inches (12")
may be required as set forth in subparagraph (13)(J.B. of this rule;
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C. Normal construction methods will include scarifcation and compaction of base material to ninety
percent (90%) standard proctor density at a moistue content that allows the material to be plastic.
Construction of the liner material should be at a noisture content between two percent (2%) below anfbur
percent (4%) above optimum and compaction of liftggenerally not exceeding six inches (6") to greatghan
ninety percent (90%) standard Proctor density. Maxinum rock size should not exceed one-half (1/2) dfi¢
thickness of the compacted lift. The completed seahall be maintained at or above the optimum water
content until the lagoon is prefilled in accordancewith this rule; and

D. If bentonite is proposed to be part of the linecconstruction, the following must be considered:

1. The bentonite should be high swelling and freddwing for uniform application. The application rate
should be a minimum of two pounds (2 Ibs.) per squa foot. The water content of the soil-bentonite miture
should be at or up to four percent (4%) above themimum for maximum compaction;

2. The bentonite should be spread with equipment #t provides uniform application and minimizes
wind drift. The application shall be split, so thatone-half (1/2) is applied in one direction and theemaining
half in a perpendicular direction on the lagoon fl@r and dikes. The bentonite shall be mixed into thsoil to a
uniform depth of at least four inches (4") and theliner should be compacted to at least ninety percér90%)
standard Proctor density without the use of a sheeboot roller. The completed liner shall be covereavith at
least four inches (4") of fine textured soil and tle liner shall be hydrated with fresh water prior to
introduction of wastewater and kept at or above opmum water content until the pond is prefilled; and

3. At sites where the soils are considered to begrggated cherty clays, the lagoon bottom below the
bentonite seal should be either constructed as emilement or scarified to a depth of twelve inches (1% and
compacted in six-inch (6") lifts to at least ninetypercent (90%) standard proctor density. At least éur inches
(4") of fine soil shall be placed on top of the copacted pond bottom for mixing with the bentonite. he
maximum size of rocks in the fine soil used for c@ring the soil-bentonite liner and in the soil-bernite
mixture should be one inch (1").

4. Synthetic Liners. Requirements for thickness ofynthetic seals may vary due to liner material buthe
liner thickness shall be no less than two-hundred#hinch (.02") or twenty (20) mil. Consideration shald also
be given to liners containing reinforcement in appopriate situations, such as sidewall slopes steeptgan one
to three (1:3) or lagoon depths greater than six & (6'). Also in areas of cherty or gravelly soilsgonsideration
should be given to using a geotextile under the l&m or very thick polyethylene (80 mil) liners. Speial care
must be taken to select the appropriate material tperform under existing conditions.

A. Proper site preparations for synthetic liners ae essential. The subsoil bed shall be sufficiently
prepared to insure that all holes, rocks, stumps ahother debris are eliminated. The subsoil shall bsieved or
the area raked after grading to provide a smooth, lat surface free of stones and other sharp objectsA
bedding of two to four inches (2—4") of sand or cken soil free of stones greater than three-eighthsich (3/8")
or other sharp objects shall be provided. Soil shhbe well compacted and sterilized to kill vegetatin. If gas
generation from decaying organic material or air pumping from a fluctuating groundwater table is a
potential problem, a method of gas venting must bproposed. The method utilized will be dependent othe
existing conditions at the site.

B. Liner panels should be laid out to minimize seasmwith an overlap of four to six inches (4-6"). Caeful
application of the seaming method is essential. Trechor trench should have a minimum six-inch (6")Yepth
and be placed at least nine to twelve inches (9-)2beyond the slope break at the dike. Care must be
exercised in the backfiling of the anchor trench ¢ insure the liner is not damaged. To prevent erosn,
mechanical damage to the liner and hydraulic uplifing of the liner, a minimum backfill of twelve inches (12")
of sand or finely textured soils on the top of thdiner is recommended on the pond floor. On the sidslopes
this should consist of a minimum twelve-inch (12")primary fill of finely textured soil and possibly a
minimum six-inch (6") secondary fill of rip-rap.

C. All seams should be inspected and the inspectioaports should be submitted to the department prio
to seepage testing if required. It is recommendechat installation be done by contractors familiar wih
potential problems which can be encountered.

D. Where liners are used in storage or treatment ksns for wastewaters of an industrial nature, the
summary of design data shall document that the limeor storage structure material is capable of containg
the wastewater for at least twenty (20) years anchall specify repair or replacement procedures in te event
of leakage or damage to the seal. Secondary contaient or leakage detection and collection devices ahbe
considered for corrosive or reactive wastewaters ah for toxic materials. The department may require
leakage testing and submittal of density tests anol/ coefficient of permeability on the finished line prior to
placing the structure into operation.
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[(C) Seal

1. Design. Ponds shall be sealed so that seepagettoough the seal is as low as practicably pdssiBeals
consisting of soils or synthetic liners may be usexlided the permeability, durability, integrityé cost
effectiveness of the proposed materials can bsfaatorily demonstrated for anticipated conditioBgntonite,
soda ash or other sealing aids may be used to aetaa adequate seal in systems using soil. Resfudt$esting
program which substantiates the adequacy of thegsed seal must be incorporated into and/or accam e
engineering report. Standard ASTM procedures oeo#tceptable methods shall be used for all t&ds having
a permeability coefficient of 10- cm/sec or lesthwi compacted thickness of twelve inches (12")5(8M) will be
acceptable as a lagoon seal for water depths Ujvéofeet (5') (1.5 m). For permeability coeffidiggreater than
107 “™==%r for heads over five feet (5') (1.5 m) such mmerated lagoon system, the following formula Ishal
used to determine minimum seal thickness:

Hx K

5.4 x 1d cm/sec
where:
K = the permeability coefficient of the soil in gtien;
H = the head of water in the lagoon; and
t = the thickness of the soil seal.

2. Normal construction methods will include ovecaxation below grade level of twelve inches (130.%
cm), scarification and compaction of base matetialninety-five percent (95%) standard Procter dgnsit
moisture content between two percent (2%) belowfand percent (4%) above optimum, and compactioliftsf
generally not exceeding six inches (6") (15.2 cm)itety-five percent (95%) standard Procter denaitynoisture
content between two percent (2%) below and fouceuer (4%) above optimumMaximum rock size should not
exceed one-half (1/2) of the thickness of the cotepdift. The cut face of dikes must also be @wavated and
compacted in lifts not to exceed six inches (65)ZXm) per lift. Soils containing plastic clay may be excluded from
this construction requirement on a case-by-casesbaased on particle size analysis and Atterbungjt. In fact,
with some clay soils, satisfactory construction roain be obtained by over-excavation and recompaction
Construction control must include field densitymiimum of two (2) density tests per acre or nes lthan three
(3) tests must be performed for the base and edichPermeability tests of field compacted matenahy be
performed at the option of the consulting engineer.

3. Prefilling. The pond shall be prefilled in order protect the liner, to prevent weed growth, @éduce odor, to
allow measurement of percolation losses and to taasirmoisture content of the seal. However, theslikust be
completely prepared as described in subparagraf)6Aj7.A. and/or B. of this rule before the intration of
water. If the lagoon bottom is allowed to dry, el must be recompacted as required in paragr&pcC(2.

4. Percolation losses. Measurement of percolatimsés shall consider flow into and out of the lagaainfall
and evaporation, and changes in water level. Meadysercolation losses in excess of one-sixteermth (1/16")
(1.6 mm) per day will be considered excessive.]

(D) Influent Lines.

1. Material. Cast- or ductile-iron pipe should teed for the influent line to the pond. Unlined cgated metal
pipe should be avoided due to corrosion problentseOmaterials selected shall be suited to localitmns. In
material selection, consideration must be givetheoquality of the wastes, exceptionally heavy exkloadings,
abrasion, soft foundations and similar problems.

2. Manhole. A manhole shall be installed prior torence of the influent line into the primary cgjland shall
be located as close to the dike as topography erits invert shall be at least six inches (6') ¢in) above the
maximum operating level of the pond and providefisight hydraulic head without surcharging the maieh
Manholes shall be installed per the requirements af0 CSR 20-8.xxX(X).

3. Flow distribution. Flow distribution structureball be designed to effectively split hydraulidaorganic
loads equally to the primary cells.

4. Influent line(s). The influent line(s) shall leated along the bottom of the pond so that theofahe pipe is
just below the average elevation of the pond $ealiever, the pipe shall have adequate seal below it

5. Point of discharge. All primary cells shall hawdividual influent line(s) which terminate at apgimately
the center of the cell so as to minimize shorttgtieg. Consideration should be given to multi-ight discharge
points for primary cells of twenty (20) acres (&taes) or larger to enhance distribution of thetedoad on the
cell. All aerated cells shall have influent linedieh distribute the load within the mixing zone tbe aeration
equipment. Consideration of multi-inlets shouldcbzsely evaluated for any diffused aeration systems
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6. Influent discharge apron. The influent line(bpls discharge horizontally into the shallow sauskaped
depression. The end of the discharge line(s) sesilon a suitable concrete apron large enoughadhe terminal
influent velocity at the end of the apron does caaise soil erosion. A minimum size apron of twd @8 (0.6 m)
square shall be provided.

7. Flow measurement. Influent flow measurement dewes shall be installed with accordance to 10 CSR
20-8.140(8)(I).

(E) Control Structures and Interconnecting Piping.

1. Structure. Facilities design shall consider tise of multipurpose control structures, where [ssito
facilitate normal operational functions such aswdtawn and flow distribution, flow and depth measuest,
sampling, pumps for recirculation, chemical addisi@nd mixing and to minimize the number of corwion sites
within the dikes. As a minimum, control structustgll be accessible for maintenance and adjustofectntrols;
adequately ventilated for safety and to minimizeresion; locked to discourage vandalism; containticds to
allow water level and flow rate control, completeus off and complete draining; constructed of norzsive
materials (metal on metal contact in controls stidag of like alloys to discourage electrochemieglctions); and
located to minimize short-circuiting within the tahd avoid freezing and ice damage. Recommendeidedeto
regulate the water level are valves, slide tubeduat slide gates. Regulators should be designédasdhey can be
preset to stop flows at any pond elevation.

2. Piping. All piping shall be of cast-iron or otrecceptable materials. The piping should not lbatkd within
the seal. Seep collars shall be provided on drgiespwhere they pass through the pond seal. Bhekéilnd the
drain pipe shall be placed and compacted in theesaranner as the pond seal. Pipes should be anchatted
adequate erosion control.

A. Drawdown structure piping.

(I) Multilevel outlets. The outlet structure on bapond cell, except aerated cells, shall be dedigne
permit overflow at one-foot (1') (30.5 cm) increrteebetween the two foot (2') (61 cm) level and mheximum
operating level. Suitable baffling shall be prowdde prevent discharge of scum or other floatindemals. Means
must be provided to prevent unauthorized variarfideelagoon depth. A flap valve shall be providgdhe outlet
end of the final cell overflow or drain pipe to pesit entrance of animals or backwater from flooding

(I) Pond drain. All ponds shall have emergencywdtawn piping to allow complete draining for
maintenance. These should be incorporated into pite¥iously described structures. Sufficient pumpsl a
appurtenances shall be made available to facilda&ning of individual ponds if ponds cannot beided by
gravity.

(Ill) Emergency overflow. To prevent overtoppingdies, emergency overflow should be provided.

B. Hydraulic Capacity. The hydraulic capacity fanstant discharge structures and piping shall aftova
minimum of two hundred fifty percent (250%) of tliesign flow of the system. The hydraulic capacity f
controlled discharge systems shall permit transfexvater at a minimum rate of six inches (6") (16r@) of pond
water depth per day at the available head.

[(7) Submerged Sand Filters.

(A) Applications. Submerged sand filters may bel dse solids and BOPremoval following waste stabilization
ponds and are considered to be both a third lagoelhand solids removal facility when designed adow to the
parameters in subsection (7)(B) of this rule.

(B) Design Details.

1. Following nonaerated waste stabilization pontdh& loading shall not exceed five (5) gallons pay ger
square foot (.2 fim?/day) of sand. Following aerated waste stabilizatimonds, the loading shall not exceed fifteen
(15) gallons per day per square foot (.&mf/day) of sand.

2. Clean graded gravel, preferably placed in atstethree (3) layers should be placed around thecushchins
and to a depth of at least six inches (6") (15 crgrdhe top of the underdrains. Suggested gradiogshe three
(3) layers are: one and one-half inches to threerttts inch (1 1/2"-3/4") (3.8 cm-1.9 cm), threeffba inch to
one-fourth inch (3/4"-1/4") (1.9 cm-.6 cm) and doerth inch to one-eighth inch (1/4"-1/8") (.6 ci®-€m).

3. At least twenty-four inches (24") (0.6 m) ofadlevashed sand should be provided. The sand sihauwiel an
effective size of 0.3-1.0 mm and a uniformity coefft of 3.5 or less.

4. Open-joint or perforated pipe underdrains mayused. They should be spaced not to exceed terfifopt
(3.0 m) center-to-center.

5. The earth base of the filters should be slopeith¢ underdrains or the underdrains may simplylaeed in
the gravel base on the flat bottom of the basin.

6. The depth of liquid above the sand must be tatjlesfrom one to five feet (1-5') (.3 m—1.5 m).
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7. At least two (2) cells must be provided with tbenbined capacity equal to that necessary fordésign
loading.

8. A vehicle access ramp from the top of the emhank down to the sand surface and running along(@hpe
side of the filter is a desirable feature for pelio maintenance of the filter.]
[(8) Miscellaneous.

(A) Fencing. The pond area shall be enclosed withadequate fence to discourage trespassing andeptev
entering of livestock. Minimum fence height shallfive feet (5') (1.5 m). The fence may be of Haenclink or
woven type. Fencing shall not obstruct vehiclefitabr mowing operations on the dike. A vehicleesscgate of
sufficient width to accommodate mowing equipmeall e provided. All access gates shall be providiti locks.

(B) Access. An all-weather access road shall beigeal to the pond site to allow year-round mainteseof the
facility.

(C) Warning Signs. Appropriate permanent signsIdhalprovided along the fence around the pond sigihate
the nature of the facility and advise against teesging. At least one (1) sign shall be provideceaoh side of the
site and one (1) for every five hundred feet (5Q®BP m) of its perimeter.

(D) Flow Measurement. Refer to 10 CSR 20-8.140(8)(G

(E) Groundwater Monitoring. An approved system obugdwater monitoring wells or lysimeters may be
required around the perimeter of the pond site aoilitate groundwater monitoring. The use of wedisd/or
lysimeters will be determined on a case-by-casésbas

(F) Laboratory Equipment. Refer to 10 CSR 20-8.8M).

(G) Pond Level Gauges. Pond level gauges shalrtéqed.

(H) Service Building. Consideration in design stibdle given to a service building for laboratory and
maintenance equipment.]

(7) Lagoon Retrofits

A. Baffles

1. The purpose of a baffle is to divide a cell witflow diversion baffles to restores the cells fulllesign
hydraulic retention time by preventing retention time lost due to short-circuiting. The installationof baffles
can also be used to isolate a quiescent settlinghean the lagoon system or to introduce a completaix zone
to increase the removal capacity of a lagoon systetimat is short on retention time.

2. Floating baffles shall be constructed to the maracturer’s specifications. The floating baffles shll depend
on a primary bottom-anchored design for maximum regstance to loads encountered in industrial or
municipal lagoons.

3. Baffles shall conform to the side slopes of lago where they meet the berm.

4. The flotation collar of the baffle shall be contsucted using a long polystyrene foam logs or equatent
sealed in a chamber of the specified baffle curtaimaterial. The flotation material shall be closectell
polystyrene foam (providing a minimum buoyancy of sixty pounds per cubic foot (60 Ibs./ fi.

B. Covers

1. Membrane covers, either permeable or impermepizhe - {Comment [D18]: Elke Boyd cmt #13

shall be constructed of high density polyethyledBRPE) and have a minimum th|ckness of 2 m|I andllbawolet
and weather resistant.
A. The HDPE cover shall be secured at the lag@simeter utilizing an anchor trench.
B. The anchor trench shall be constructed with dedincorners in order to avoid sharp bends.
2. Seams
A. Large rocks and other objects shall be removeunh tthe trench sides.
B. Extrusion and fusion welding shall be used feldf seaming.
C. Trial seams shall be used to verify acceptablérenmental conditions. Specimens of the triansehall
be tested in shear and peel using a field tensetemThe seaming equipment shall not be usee if th
specimens fail the testing.
D. The cover shall include at least six 6” sanpalets that will be used to retrieve wastewater slndge
samples from the lagoon’s contents. The samples ghidll prevent the escape of biogas while theiport
open. Each port shall have a secured cover or cap.
E. The cover shall include at least three manwaghles located along or near the center of the lagBach
hatch shall have a secured cover or cap.
3.Biogas. The cover shall include all necessarkectbns piping and other conducts to collect anavey the
generated biogas handling system. Biogas collegtitinin the cover shall include a central collentimonduit
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located along or near the centerline of the lagd@tiis central collection conduit shall allow easynoval of
generated gas from the central portion of the lagdte gas collection and handling piping shalHRPE.

4. Stormwater removal. The cover shall includecanstwater removal system that conveys collectedipitation to
sumps or includes drainage areas in the membrahinwie| acceptable leakage ratéjq allow stormmiaterain =~ _ - ‘[Comment [D19]: LIM-acceptable leakage rateﬂ
into the lagoon.. The distance between sumps shakxceed 50 ft. The sumps shall be located &adtions through the covc

expected to accumulate storm water. Each sump disatiarge the collected storm water to the lagmonents.

(8) Supplemental Information for Surfatand Application Bystenﬁ 77777777777777777777777777 _ _ - -| Comment [D20]: Mark Bross cmt- move back t
1. Location. A copy of the USGS topographic map dhe area (seven and one-half (7 1/2)-minute series Ithe section discussing land application-discussedTa
where published), similar map or aerial photographshowing the exact boundaries of the spray field. (AR 1)
2. A topographic map of the total area under consigration by the applicant at a scale of approximatgi
one inch to fifty feet (1":50") (2.54:15.2 cm) withappropriate contour interval. It should show all huildings,
the waste disposal system, the spray field boundas and buffer zone. An additional map should showhe
spray field topography in detail with a contour interval of two feet (2') (61 cm) and include building and land
use on adjacent lands within one-fourth (1/4) milef the project boundary.
3. Water supply wells which might be affected shalbe located and identified as to uses—for example,
potable, industrial, agricultural and class of owneship; for example, public, private, etc.
4. All abandoned wells, shafts, etc., where poss#hl should be located and identified. Pertinent
information thereon shall be furnished.
5. Geology.
A. Geologic formation’s name and the rock types ahe site.
B. Degree of weathering of the bedrock.
C. Character and thickness of the surficial deposit
D. Local bedrock structure including the presence fofaults, fractures and joints.
E. The presence of any solution openings and sinkles in carbonate terrain.
F. The source of the information above. must be iridated.
6. Hydrology.
A. The depth to seasonal and permanent highwater ldes (perched and/or regional) must be given,
including an indication of seasonal variations.
[B When there is an indication through the geologic ash soil testing that contamination of a drinking
water supply is a possibility,the direction of groundwater movement and the poin(s) of discharge must be
shown on one (1) of the attached maps.
C. When there is an indication through the geologic amh soil testing that contamination of a drinking
water supply is a possibility,Chemical analyses indicating the quality of groundwter at the site must be
inCNdedL 7777777777777777777777777777777777777777777777777777777777 - -1 Comment [D21]: Elke Boyd's cmt #2; discusseT
D. The following information shall be provided from existing wells and from the test wells as may be April mtg; add trigger that if identified by MGS or
necessarywhere it is avaﬂableL drinking water supply nearby to complete

1. Construction details—where available. Depth, welog, pump capacity, static levels, pumping water ~ ~ ‘[Comment [D22]: Elke Boyd's cmt #3; discussejﬁ
levels, casing, grout material and the other inforration as may be pertinent; and at April mtg; added language

2. Groundwater quality. For example, nitrates, totd nitrogen, chlorides, sulfates, pH, alkalinitiestotal
hardness, coliform bacteria and metal ions.

[E. A minimum of one (1) groundwater monitoring well where deemed necessary by thelissouri
Geological Survey must be drilled in each dominant direction of greindwater movement and between the
project site and public well(s) and/or high capacit private wells with provision for sampling at thesurface of
the water table and at five feet (5') (1.5 m) belowhe water table at each monitoring site. The loc&n and
construction of the monitoring well(s) must be appoved by the department. These may include one (1y o
more of the test wells wher¢ appropriate. - { comment [D23]: Elke Boyd's mt #- )

7. Evaluation of Effluent to be Applled Representive samples are essential to properly evaluate tha \{

effluentl Where the dlscharge is from a—iewage]_wastewater treatment plant, twenty- -four (24)-hour | with Drinking water, from 300 ft before zone at 40|
compositesamples proportioned to the rate of flow will be neded to obtain a representative sample. In cases L
where the effluent is stored for several days or hger, a single sample of the effluent will sufficeAnalyses {mmment [D25]: Discussed at April mig; discuﬁs

Comment [D24]: Mark Bross cmt- appropriate F

which will be of major importance will be for total suspended solid (TSS), a volatile suspended so{MSS), with MGS= need to follow up
sodium, calcium, magnesium, electrical conductivityEC), nitrogen, phosphorous, metal ionsporon and
fluoride. For systems receiving flows over two hundred thousal gallons per day (200,000 gpd) or_receiving
industrial wastes, the sodlum absorptlon ratlo shalbe calculated from the sodlum calcmm and maqnmm
determlnatlon
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8. Soils. All soils investigation should be perfored by a qualified soil scientist.

A. A soils map should be furnished of the spray fld, indicating the various soil types. This may be
|ncluded on the large- scale topographic map. Soiisformation can normally be secured through thefJSBA

ational Resources Conservation Service (NRCS)

B. The soils should be named and their texture degbed.

C. Slopes and agricultural practice on the spray &ld are closely related. Slopes on cultivated fietd
should be limited to four percent (4%) or less. Slees on sodded fields should be limited to eight pegnt (8%)
or less. Forested slopes should be limited to eighercent (8%) for year-round operation but some sesonal
operation slopes up tofifteen percent (15%) may be acceptableFor slopes greater thanfifteen percent
(15%), justification shall be provided.

D. The thickness of soils should be indicated. Indate how determined.

E. Data should be furnished on the exchange capagitof the soils. In cases of industrial wastes
particularly, this information must be related to special characteristics of the wastes.

F. Information must be furnished on the internal ard surface drainage characteristics of the soil
materials. Location and depths to impermeable or retricted horizons should be indicated.

G. Proposed application rates should take into coideration the drainage and permeability of the so#,
the distance to the water table and for no observaé runoff to occur.

9. Agricultural Practice.
A. The present and intended soil-crop management prtices, including forestation, shall be stated.
B. Pertinent |nf0rmat|0n shall be furnlshed on exmng dralnage systems

i ]

10. Adjacent Land Use.

A. Present and anticipated use of the adjoining lasls must be indicated. This information can be
provided on one (1) of the maps and may be supplemted with notes.

B. The plan shall show existing and proposed scregnbarriers or buffer zones to prevent blowing sprgt
from entering adjacent land areas.

C. If expansion of the facility is anticipated, thelands which are likely to be used must be shown ahe

map.

(9.) Surface Land Application of Wastewater. The smmary of design data and general layout shall coatn
pertinent information on the proposed site includirg location, geology, soil conditions, area for expaion,
groundwater conditions and any other factors whichmay affect the feasibility and acceptability of the
proposal. The summary of design data shall also ihale pretreatment and storage requirements, the dégn
application rates and monitoring, application equipnent, and operation and maintenance requirements. e
source should be given for any information used bthe consultant in design.
(A) Site Considerations. The following informationconcerning the site shall be provided:

1. Legal description of the disposal site;

2. The location of all existing and proposed resigees, commercial or industrial developments, roads,
ground or surface water supplies and wells Wlthnh pe-half (1/2) mlle] of the proposed site;

3. Available land area, both gross and net areas Xeluding roads, right-of-way encroachments, stream
channels and unusable soils);

4. Distance from the pretreatment and the storageafilities to the application site including elevatn
differential;

5. Proximity of site to industrial, commercial, resdential developments, surface water streams, potéd
water wells, public use areas such as parks, ceme&s and wildlife sanctuaries;

6. Present and future land and groundwater uses;

7. A summary describing the existing vegetation dhe area;

8. A description including maps showing elevationand contours of the site and adjacent areas which
may be suitable for expansion. Specific informatioron the maximum and average slopes of the site musée
provided; and

9. The departmentfmay] requires a geolog|ca| evaluat|on of the proposedirhd appllcanon S|te prepared
by Missouri Geologlcal Survey

(B) Wetted Appllcatlon Area. The wetted appllcatlonarea is the Iand area WhICh is normally wetted by
wastewater application. The wetted application areanust conform to the following criteria:

15
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1. Flood-prone areas which flood at a frequency geter than once every ten (10) years should not bbe
sole source of land application;

2. The wetted application area shall be establishddt least one hundred fifty feet (150") from existig
dwellings or public use areas, excluding roads orighways. In addition the wetted application area séll be at
least fifty feet (50') inside the property Iiné.ilga';;apgeisimg)g be reduced depending upon the 7ext§0t79f//‘[Comment [D27]: LIM August 15- setback J
pretreatment and operational techniques. One-half]/2) the required distances may be used if the wastater distances appropriate?
is disinfected in accordance with section (XX) othis rule;

3. The wetted application area should be at Ieaishltee hundred feet (300‘){7frpmﬁqnyfsjnfl<hqlg,Jqun - {Comment [D28]: David Cavendar cmt #¢ ]
stream or other structure or physiographic featurethat may provide direct connection between the grond
water table and the surface;

4. The wetted application area shall be at least the hundred feet (300') from any existing potable ater
supply well not located on the property. Adequate mtection shall be provided for wells located on te
application site; and

5. The application area should be fenced and postedong public roads and public use areas. Fencing i
not required if the wastewater is disinfected priorto application or if other suitable barriers are provided or
if the wetted application area is located in areaehere access is limited. A minimum of one (1) sigshould be
placed on each side of the application area. The pmeter distance between any two (2) signs shouldoh
exceed five hundred feet (500'). Each sign shouldearly identify the nature of the facility and advise against
trespassing in letters not less than two inches (Rhigh.

(C) Sails Information. The department may require hat the soil types and characteristics for the togive
feet (5') of soil be investigated if applied wastester will exceed twenty-four inches (24") per year.Unless
required otherwise by the department, soils inform&éon shall include soil series name, soil texturesoil
permeability and water-holding capacity. If a couny soils map is available, the approximate boundari of
the different soils shall be shown. If a publishedoil survey is not available, the soils shall beadsified by a
professional soil scientist. In areas of soluble iestone and dolomite, where there is a potential ifo
groundwater contamination, chert or stone content fsall be determined to a depth of five feet (5'). D&h to
restrictive layers such as fragipans or claypans sifi be determined. Recommendations by the Missouri
Geological Survey for further soils investigationshall be complied with.

1. The wetted application area should have a soil antle of at least five feet (5') overlying any sanar
gravel strata.

2. The topography of the site and adjacent land sliabe evaluated for areas of potential erosion. The
effects of both applied wastewater and storm runoffshall be considered. Special consideration shouloe
given to the period of construction and system st&mp when vegetative cover may be lacking or not fiy
developed.

3. Soil permeability. Soil permeability shall be basedn the most restrictive layer in the top five fee(5')
of soil. Soils having permeability rates of two-teths to two inches (0.2-2") per hour are most suitde for
irrigation. Values below two-tenths inch (0.2") perhour may generally require special application eqijpment,
reduced application rates or overland flow approach Values above two inches (2") per hour will requie
reduced application rates to provide adequate resghce time within the soil profile or will require additional
soils and geologic information for depth to bedrockdepth to water table and recharge areas

(D) Preapplication Treatment. As a minimum, treatment prior to land application shall provide
treatment equivalent to that obtained from a primary wastewater pond cell designed and constructed in
accordance with section ) of this rule, except that the lagoon depth may bmcreased to include wastewater
storage on top of the primary volume.

1. The storage basins shall be based on the desigastewater flows and net rainfall minus evaporation
expected for a one (1) in ten (10) year return fragency for the storage period selected.

2. The storage volume for wastewater stabilizatiodagoons shall be calculated based on the useable
volume above the two-foot (2') level. These requineents assume that a permanent cover crop is in plaand
the primary purpose of the system is wastewater tegment. If the system uses row crops, or crop prodiion
is the primary goal, storage should be increased tcorrespond with crop planting and harvesting schedles.

3. For facilities that employ a part-time operator,lease land application fields, have highly variale influent
flow, or experienced discharges, consideration shislibe given for increasing the minimum storage oftte
basins by at least thirty (30) days to ensure thag€ility has sufficient storage.

A. The minimum total days’ storage required for no digharge facilities located south of Highway 60 is
sixty (60) days

B. The minimum total days’ storage required for nodischarge facilities located south of Highway 50 ah
north of Highway 60 is seventy-five (75) days.
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C. The minimum total days’ storage required for nodischarge facilities located south of Highway 36 ah
north of Highway 50 is ninety (90) days.

D. The minimum total days’ storage required for nodischarge facilities located north of Highway 36 is
one hundredtwenty (120) days

E. An exception to this is a system where flows are gerated only during the application period. A
storage capacity of forty-five (45) days or the fiow generated during the period of operation, whichesr is less,
must be provided.

(E) Land Application Rates. Application rates shall be determined for each indiidual site based on
topography, soils, geology, hydrology, weather, agultural practice, adjacent land use and applicain
method. For the range of flows covered by this rule, the mamum application rate for typical domestic
wastewater shall be twenty-four inches (24") of applied wastewater per year depending on soil
characteristics. For higher application rates thantwenty-four inches per year, additional soils and geologic
information, detailed site specific design proposal and supporting documentation shall be submittedat
justify the proposed design.

1. Crops and vegetation. A description of the cropsr vegetation to be grown is required for all systms
in which vegetation is to be an integral part of tle treatment system. This includes all slow rate andverland
flow systems. The use of wastewater for irrigatiorof truck farms growing vegetables will not be appreed.
The following information shall be provided:

A. Compatibility of the crop with site characteristics and design hydraulic loading rates;

B. Cultivation and harvesting requirements; and

C. Crop management.

3. Equipment. The following shall be considered ithe design of the land application equipment:

A. Any spray application equipment specified shaliinimize the formation of aerosols;

B. The pumping system and distribution system shalbe sized for the flow and operating pressure
requirements of the distribution equipment and theapplication restrictions of the soils and topograpl;

C. Provisions shall be made for draining the pipeso prevent freezing if pipes are located above the
frost line;

D. A suitable structure shall be provided for eithe a portable pumping unit or a permanent pump
installation. The intake to the pumping system shéprovide the capability for varying the withdrawal depth.
The intake elevation should be maintained twelve tdwenty-four inches (12-24") below the wastewater
elevation. The intake shall be screened so as tommize clogging of the sprinkler nozzle or distribuion
system orifices. For use of a portable pump, a stébplatform and flexible intake line with flotation device to
control depth of intake will be acceptable;

E. Thrust blocking of pressure pipes shall be proded. For use of above ground risers for sprinklersa
concrete pad and support bracing should be consided; and

F. Automatic or semi-automatic controls should be ensidered for shut off of the system after a
prescribed wastewater application period. Manual sart-up of the application system is recommended.

G. The facility shall have the ability to pump downthe lagoon in November without impacting the seal,
liner, or berms of the facility to ensure that suffcient storage capacity is available for storing wstewater
during the winter season.

4. Slope. The maximum allowable slope of the wettexpplication area is twenty percent (20%).

5. Application rate. The application rate consistsof an hourly application rate in inches per hour arml
daily, weekly and annual application rates in inche per acre. Application of wastewater will not be kowed
during periods of ground frost, frozen soil or during rainfalls. The following shall apply to design gplication
rates:

A. The hourly application rate should not exceed tb design sustained permeability rate except for
short periods when initial soil moisture is signifcantly below field capacity. The hourly rate shallnot exceed
one-half (¥2) the design sustained permeability foslopes exceeding ten percent (10%). However, in mase
should the application rate be greater than one-hélinch (%2") per hour. For soil permeability of lessthan
two-tenths inch (0.2") per hour, the designed maxiam application rate should be as low as practicabland
shall not exceed two-tenths inch (0.2") per hour;

B. The daily and weekly application rates should bebased on soil moisture holding capacity,
antecedent rainfall and depth to the most restrictie soil permeability.[The application rate shall inno case
exceed one inch (1") per day and three inches (3Per week; and]
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C. The design maximum annual application rate shalhot exceed a range from four percent to ten
percent (4%-10%) of the design sustained soil perraéility rate for the number of days per year when sils
are not frozen.

D. In no case shall the application rate result inthe runoff of applied wastewater during or

contain from five to eight milligrams per liter (5-8 mg/l) of ammonia nitrogen as N and less than one
milligrams per liter (Lmg/L) of nitrate nitrogen as N. Ammonia nitrogen can be adsorbed onto soil paidtles
and retained in the soil for later use by plants ad microorganisms. However, nitrate nitrogen is mole and
will readily leach through the soil profile if wastewater is applied faster than the vegetation or sbimicrobes
can utilize the nitrates. If the applied wastewatelis expected to provide more than one hundred fiftypounds
(150 Ibs.) of total nitrogen per acre annually orfithe applied wastewater exceeds ten (10) mg/l oftrate
nitrogen as N, then calculations shall be submittetb show the amount of plant-available nitrogen preided
and the amount of nitrogen that will be utilized bythe vegetation to be grown.

7. Trace element loading. Consideration shall be gn to the type and influence of any industrial wass
contributed to the wastewater stabilization pond. Ypical domestic wastewater does not contain amountsf
trace substances which are of concern for land apipghtion of wastewater under this rule. However,
introduction of substances, such as excess sodiuchjorides, boron or other constituents, can have aadverse
impact on soils and vegetation. Wastewater suitablfor general land application shall not exceed thérace
element concentrations in Table 4-5 of th&).S. Environmental Protection Agency Process Desiganual for
Land Treatment of Municipal WastewatdEPA 625-1/81-013).

8. Grazing and harvesting deferment. Grazing of amhals or harvesting of forage crops should be
deferred for up to thirty (30) days following wastavater irrigation depending upon ambient air temperaure
and sunlight conditions. The following defermentstsall be considered:

A. During the period from May 1 to October 30 of eah year, the minimum deferment from grazing or
forage harvesting shall be fourteen (14) days;

B. During the period from November 1 to April 30 ofeach year, the minimum deferment from grazing
or forage harvesting shall be thirty (30) days;

C. Grazing of sewage irrigated land is generally rtorecommended for lactating dairy animals unless
there has been a much longer deferment period. Theecommendations of the State Milk Board shall be
followed; and

D. Deferment may not be required for irrigation water that has been disinfected so that the water
contains less thamone hundred twenty-six (126) Escherichia colifornorganisms per one hundred milliliters
(100 ml).

(F) Operation and Maintenance. An operation and maitenance plan shall be provided to explain the key
operating procedures at a level easily understoodybthe owner and the operator of the facility. An otline
and brief summary of operations shall be provided & part of the facility plan. A detailed operation and
maintenance plan shall be included as part of thesubmitited plans and at a minimum shall address
maintenance of mechanical equipment and vegetativeover, monitoring, record keeping, operating
procedures, application scheduling and winterizatio of the system.

1. Public Access Areas. The wastewater shall be disinfected prior to landapplication (not storage) in
accordance with section) of this rule.

A. The wastewater shall contain as few of the indator organisms as possible and in no case shall the
irrigated wastewater contain more thanone hundred twenty-six (126) Escherichia colifornmorganisms per
one hundred milliliters (100 ml);

B. The public shall not be allowed into an area wheapplication is being conducted; and

C. For golf courses utilizing wastewater, all pipig and sprinklers associated with the distribution o
transmission of wastewater shall be color-coded anldbeled or tagged to warn against the consumptivese of
contents.

2. Nighttime Irrigation

A. If land applying in evening or nighttime, an aubmatic notification alarm system shall be installed

The alarm system shall be installed on each pivond pump system, and be capable of notifying an
on-call operator when a fault occurs in the systeniThe alarm system shall also include pressure
monitoring in case of line break or other malfunctons that causes leaks.

B. The operations and maintenance manual shall ingtle provisions on daily operator checks of the

system to ensure that the irrigation pumping and piot systems are working properly and that there
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is no runoff from any field where the irrigating pivot is currently located. The manual shall include
provisions for stress testing the system at leashoe per season to ensure the alarm system is
operating properly and the system components are igood condition.
\3. System Monitoring. An appropriate monitoring sysem shall be provided to determine the quality of
water leaving the land treatment site and enteringurface and/or ground water. Analysis of soil and

plant tissue samples may be required to monitor theffect of the wastewater on the soil and crdpL _____ _-- Comment [D31]: Elke Boyd cmt #16-remove
(10) Facility Plan Supplemental for Subsurface Irigation Systems this requirement
(A) General

1. Location. A copy of the USGS topographic map dhe area (seven and one-half (7 1/2)-minute series
where published), similar map or aerial photographshowing the exact boundaries of the spray field.

2. A topographic map of the total area under consigration by the applicant at a scale of approximatgi
one inch to fifty feet (1":50") (2.54:15.2 cm) withappropriate contour interval. It should show all huildings,
the waste disposal system, the spray field boundas and buffer zone. An additional map should showhe
spray field topography in detail with a contour interval of two feet (2') (61 cm) and include building and land
use on adjacent lands within one-fourth (1/4) milef the project boundary.

3. Water supply wells which might be affected shalbe located and identified as to uses—for example,
potable, industrial, agricultural and class of owneship; for example, public, private, etc.

4. All abandoned wells, shafts, etc., where poss#)l should be located and identified. Pertinent
information thereon shall be furnished.

(B) Geohydrology and Hydrology
1. 2. The supplemental to the Facility Plan shalhiclude the following geological information:

A. A geohydrological evaluation conducted by MissaiiGeological Survey

B. Geologic formation’s name and the rock types dhe site.

C. Degree of weathering of the bedrock.

D. Character and thickness of the surficial deposit

E. Local bedrock structure including the presence fofaults, fractures and joints.

F. The presence of any solution openings and sinkles in carbonate terrain.

G. The source of the information above. must be indated.

H. The depth to seasonal and permanent highwater ta&$ (perched and/or regional) must be given, includg
an indication of seasonal variations.
I. When there is an indication through the geologic agh soil testing that contamination of a drinking waer
supply is a possibility,the direction of groundwater movement and the poir(s) of discharge must be shown
on one (1) of the attached maps.
J. When there is an indication through the geologic amh soil testing that contamination of a drinking wager
supply is a possibility,Chemical analyses indicating the quality of groundwter at the site must be included.
K. The following information shall be provided from existing wells and from the test wells as may be
necessarywhere it is available

1. Construction details—where available. Depth, wklog, pump capacity, static levels, pumping water
levels, casing, grout material and the other inforration as may be pertinent; and

2. Groundwater quality. For example, nitrates, totd nitrogen, chlorides, sulfates, pH, alkalinitiestotal
hardness, coliform bacteria and metal ions.

L. As determined necessary by Missouri Geological uBvey in the Geohydrological Evaluation, a
minimum of one (1) groundwater monitoring well shal be drilled in each dominant direction of groundwaer
movement and between the project site and public Miés) and/or high capacity private wells with provision
for sampling at the surface of the water table andat five feet (5') (1.5 m) below the water table aeach
monitoring site. The location and construction of he monitoring well(s) must be approved by the
department's Missouri Geological Survey. These maynclude one (1) or more of the test wells where
appropriate.

(C) Soils Report

Soils. All soils investigation should be performedy a qualified soil scientist. The soils report ragdting from
the investigation shall include the following infomation as part of the Facility Plan.

(1) A site drawing. The site drawing shall be scatl or include sufficient dimensions to identify loations of all
soil borings and/or excavations, locations of theepresentative area for described soil borings andio
excavations and applicable site features as detern@d by the board of health. The soil scientist mayse
previously prepared or otherwise available drawingsuch as a survey prepared by a registered professial
surveyor, an aerial photograph or digital orthophotograph prepared from a geographical information
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system, or other similar drawing. The drawing shallinclude the assessment and documentation of the
following:
(&) Any existing dwellings and/or structures and an proposed dwellings and/or structures, if known;
(b) Any site disturbances such as excavated or félreas, existing driveways and other hardscapes
and proposed hardscapes, or related site disturbaes, if known;
(c) Location of all private water systems, abandorewells, or geothermal systems if known, and
surface water features on the lot and within threédaundred feet of the areas identified for possible
system installation;
(d) North orientation arrow;
(e) Identification of all soil borings and/or excawations;
(f) Identification and dimensions of spatial areagor which each soil profile description is
representative and where the soil has capacity fdhe treatment and/or dispersal of effluent. The sbi
evaluation shall include the entire lot or suffici@t area to support a primary system and replacement
area on the site;
(9) Identification of areas with conditions that waild prohibit or impact the siting of a treatment
system, but not limited to: sinkholes, wetland vedation, bedrock outcrops, areas with a slope
greater than fifteen percent (15%), soils prone tslippage on slopes greater than eight percent (8%),
and existing or abandoned drainage tiles, if knownand
(h) Identification of known, proposed, and/or obseved easements and right-of-ways.
(2) Record of the site and soil characteristics foeach soil boring and/or excavation
location designated in this paragraph using the noenclature from the National Resources Conservation
Service (NRCS) field book for describing and samptig soils, including but not limited to:
(a) Site descriptions, including but not limited tQ landscape position, slope, vegetation, drainage
features, rock outcrops, erosion and other naturafeatures;
(b) Detailed soil profile descriptions, including lut not limited to, color, texture, grade, shape,
structure, consistence, and the depth of each sbibrizon or layer including fill or mine spoils where
present;
(c) The identification of limiting conditions;
(d) Data should be furnished on the exchange capé#giof the soils. In cases of industrial wastes
particularly, this information must be related to special characteristics of the wastes.
(e) Proposed application rates should take into caideration the drainage and permeability of the
soils and the distance to the water table.
(f)If evident or visible, provide documentation ofany relevant surface hydrology, geologic and
hydrogeologic risk factors such as bedrock outcropsinkholes or karst features on the specific siter
in the surrounding area that may indicate vulnerability for surface water and groundwater
contamination; and
(9) Provide documentation of any geologic risk fadtrs affecting the soil’s ability to treat and/or
disperse effluent including dense tills and fragipa.
(E) Site Restrictions
1. Sites with seasonal high groundwater less thawénty-four (24) inches deep may require drainage
improvements before being utilized.
2. Subsurface systems shall not be constructed imstabilized fill.
3. The vertical separation between the bottom of #htrench and a limiting layer, including but not limited to,
bedrock; restrictive horizon; or seasonal high watetable, shall be no less than twenty-four inche2é”) or
shall be no less than twelve inches (12") for systes dispersing secondary or higher quality effluent;
4. Vertical separation shall be no less than fortgight inches (48”) where karst features are presentnless the
site can be reclassified;
5. Dispersal trenches shall not be installed on gles greater than thirty percent (30%)and justification shall
be provided for slopes greater than fifteen percenf15%).
6. Where slopes are less than two percent (2%), aglgate surface drainage shall be provided;
7. Trenches may be required by the department to bsand-lined if the soils have severely diminished
treatment capability due to excessive rock contengnd
8. When needed, surface water diversion shall be gvided. Subsurface lateral groundwater movement shia
be intercepted using a curtain drain.
(F) Summary of Design. The summary of design shaliclude all calculations in determining design flavs,
pump rates to the absorption fields, sizing of thabsorption fields, sizing of the preliminary treatment
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components and if used secondary treatment systeifihe summary of design shall include the dosage raté
each system.

(G) An operation and maintenance plan shall be providedo explain the key operating procedures at a level
easily understood by the owner and the operator dhe facility. An outline and brief summary of operdions
shall be provided as part of thefacility plan. A detailed operation and maintenance plan shalldincluded as
part of the submitted plans and at a minimum shall address maintenance ahechanical equipment and
vegetative cover, monitoring, record keeping, opetang procedures, application scheduling and wintedation
of the system.

(12) Subsurface Irrigation Low Pressure Pipe System

(A) Low Pressure Pipe Systems A low-pressure pipeRP) system is a shallow, pressure-dosed soil abption
system with a network of small diameter perforatedvipes placed in narrow trenches.

(B) Preliminary Treatment. Subsurface Irrigation shall be preceded by prelimirry treatment. Preliminary
treatment shall be at a minimum being treated witha septic tank, however secondary treatment technalges
should be usedThe secondary treatment system shall follow the dieg guides of 10 CSR 20-8.180 or
8.200(x).

(C) Design

Loading rates shall not exceed the values assignled the site and soil evaluation. The minimum soil
treatment area and total trench length. The systershall be sized in accordance with the following eaiions:
A=Q/LTAR and

L = A/5 feet where:

A = Minimum LPP soil 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 $lo
loading rate between the soil surface and at leastelve inches (12”) below the specified LPP trenchottom
or as approved by the department.

(D) Distribution Network

The low pressure distribution design shall includehe entire network configuration including, but nat limited
to, pipe lengths and size, exterior control panelral alarm information, and calculations used to detamine
dose volume, orifice flow rates, dosing tank sizingnd pump selection:

1. Supply network piping including the main, sub-nains, and manifold shall be watertight, rigid solidwall
pipe, and shall be properly supported to prevent sgging and damage under normal loads and operating
conditions. All network piping and low pressure digribution piping and fittings shall be polyvinyl chloride
meeting ASTM Standard D 1785 Schedule 40, 80, or@2r equivalent. All fittings shall be pressure raéd
meeting or exceeding ASTM D 2466.

2. Manifold designs shall address freeze protectiowhile assuring uniform distribution. The manifold shall be
designed to minimize drain down of laterals into dier laterals at a lower elevation between dosing enmts.

3. Lateral pipes shall be three-guarter to two incles in diameter.

4. There shall be no more than five percent (5%)ldifference in flow rate between the proximal and dital - *[Comment [D32]: LIM-other states have valuesJ
orifices on each distribution lateral. The system ésign shall ensure a minimum fluid velocity of twdeet per up to 15%
second (2fps) is maintained in the main and manifdlpiping during dosing.

5. There shall be no more than déive percent (5%) difference in the flowrate between two orifices irdifferent
distribution laterals that are to be dosed simultamously during a single dosing event.

6. Laterals shall include valves to allow adjustm® of the operating distal pressure at startup to reet design
specifications. Baseline measurements including rewsciling the gallons per minute with the design, dital
pressures/heights, and dose rates for future operians, maintenance, and monitoring must be measureshd
recorded.

7. _Low pressure distribution networks shall have a accessible means of measuring design pressure or
operating head for both initial baseline measurem@ and future monitoring of orifice clogging and other
network operations and shall include a means of sadng or flushing distribution laterals.

(E) Dosage
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1. For zoned systems, the dosing frequency shall bgual for each zone within a twenty-four hour perdd. The
dosing volume shall be based on the soil loadingteafor each zone and shall be designed to maximize
treatment by control of the instantaneous loading ate and dose frequency.

A. When a flow restrictive layer is present withintwelve inches of the natural ground surface, eachase
shall deliver no greater than one-eighth of the d&i design flow and at least three times the void
volume of the laterals during each twenty-four houmperiod.

B. For facilities with restrictive layer greater than twelve inches of the natural ground surface, ea dose
shall deliver to the distribution area no greater han one-fourth of the daily design flow and at leds
five timesthe void volume of the laterals during each twentfeur hour period.

2. When time dosing is used, the selected dosewnk and frequency shall ensure that dosing eventsea
spaced uniformly throughout a twenty-four hour period to maximize resting between dosing events. Time
dosed controls should prevent premature dosing wheless than the daily dose volume is present in tld®sing
tank.

(F) Orifices and Orifice Shielding
1. Orifices shall be uniform, clean, and free of &frill cuttings. Lateral pipes must be stabilizedwhen drilling
orifices to prevent the pipes from moving and to esure orifices are drilled perpendicular to the pipe
2. Orifice flow may be calculated using the followig formula.
Q=11.79 x Bxh

Where D = orifice diameter in inches; and

H = pressure head in feet

3. Orifices must be sized no less than one-eightich and spaced a maximum of six feet apart along ¢h
lateral.

4. The orifice number and spacing shall provide diribution of no more than six square feet per oriice with
an orifice size of not less than one-eighth inch.rfices must be spaced a minimum of six inches frorthe end
of the lateral.

5. The direction of orifices and the method of orite shielding shall be specified in the design arshall allow
for uniform pressurization and depressurization ofthe laterals, and drain-back to prevent freezing.

6. The design must specify how the effluent streafmrom the orifices will be dispersed for uniform
distribution.

A. When orifices are positioned up in the twelve @lock position, the effluent stream must be sprayed
against an orifice shield, gravel-less chambers, aimilar device.

B. When orifices are positioned down in the six olock position to facilitate draining after each dosng
cycle, a mechanism to disperse the effluent streasuich as an orifice shield, a pad of gravel, or a
splash plate shall be provided.

7. When orifice shields are used, they must be stig enough to withstand the weight of the backfill ad large
enough to protect the orifice from being plugged byravel.

8. If effluent is to be sprayed upward against théop of gravel-less chambers, the design shall inade and
follow manufacturer recommendations.

9. The selected distal pressure to be maintained #ite end of each lateral shall be no less than tvieet (2 ft)
(0.87 psi) when using three-sixteenth inch (3/169r larger diameter orifices, and no less than fivéeet (5 ft)
(2.18 psi) when using orifices smaller than thresixteenth inch (3/16").

10. Pressure dosed systems shall use either elaptiete meters, event counters, or flow meters capadblof
measuring total flow to help determine flow rates ad dose volumes.

A. Time dosed systems shall also have control pasebith programmable timers, manual pump operation
or hand- off- auto switches, test features, and applicable, adjustable override settings.

B. Adjustable override settings cannot exceed theadly design flow and the override volume cannot
exceed the dosing design of the downstream compornen

11. The dosing tank size and the pump, exterior atrol panel, and alarm information shall be included with
the design. The design shall indicate the settings means used to accommodate the dose volume indiug
any drainback to the dosing tank.

(G) Trenches

1. LPP trenches shall follow the contour of the grund

2. Compaction of the trench bottom, such as walking the trench, shall be minimized

3. LPP trenches shall be constructed as level asgsible, but in no case shall the fall in a singleench bottom
exceed one-half inch (1/2") in one hundred feet (00);

4. There shall be no soil disturbance to an LPP sitexcept the minimum required for installation.
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5. LPP trenches shall be constructed with a minimunof four inches (4") of backfill unless specified ¥ the
gravelless product manufacturer or professional ernigeer and specifically approved by the department;
6. Rock used in LPP trenches shall be clean pea gel and graded or sized between three-eighths in@nd
one inch (3/8” and 1"). Crushed limestone and doloiite shall not be used. No more than one percent (1p6
fines, or materials passing the No. 100 sieve shb# allowed;

A. Other aggregate material may be used in LPP treches, including but not limited to, tire chips or

crushed glass when specified by the designer andesjifically approved by the department;

B. When aggregate is used, there shall be a minimuaof five inches (5”) of gravel below and a minimum

of two inches (2”) of gravel above the LPP lateralsand

C. When aggregate is used, a durable geotextilebigc shall be used as a barrier to permit passagef o

water and prevent passage of soil into the aggregatand

D. When gravelless dispersal trench products are &s, LPP trench construction shall be in accordance

with the manufacturer’s requirements
(H) Operations and Maintenance
1. The following considerations should be made tayeure proper operation and maintenance of the fagtly:

A. Inspection ports should be installed to have deast one port placed in each leaching trench for
observation of distribution and any ponding at theinfiltrative surface. The ports shall be anchored
and be accessible with at least a four inch openirand a removable cap;

B. Accessible turn-ups shall be provided at the endf each lateral for the purpose of flushing the leerals
and testing distal operating head.

C. Shutoff mechanisms with a durable and stable aess port shall be provided to isolate portions ohe
distribution network.

D. Baseline measurements including reconciling thgallons per minute with the design, distal
pressures/heights, and dose rates for future opetiahs, maintenance, and monitoring must be
measured and recorded.

E. The distribution networks shall have an accedsie means of measuring design pressure or operating
head for both initial baseline measurement and futte monitoring of orifice clogging and other
network operations and include a means of scouringr flushing distribution laterals.

2. The operations and maintenance manual of the teément system shall include at a minimum, procedure
for:

A. Checking for ponding in the distribution area;

B. Checking for surface water infiltration or clear water flows from the dwelling or structures into the
system components and around or onto the soil abgaifon area;

C. Checking the vegetative cover for erosion or #ng and any evidence of settling or seepage ié¢
area of the soil absorption component;

D. Monitoring for proper operation of mechanical devices;

E. Monitoring the dose volume and operating presse head of the distribution system and compare to
baseline measurements;

E._Flushing of distribution laterals; and

G. Review and document event counters, elapsed #nmeters, flow meters, and alarm conditions where

present.

(13) Subsurface Irrigation Drip
(A)Subsurface Irrigation systems, also known as dp dispersal systems are designed and operated tihoav
the soil to provide final treatment of the wastewagr prior to its introduction to groundwater. Dispersal and
treatment occurs via physical, chemical and biologal processes within the soil and through
evapotranspiration and nutrient uptake by plant mater.
(B) Preliminary Treatment. Subsurface Irrigation shall be preceded by preliminary treatment. Preliminay
treatment shall be at a minimum being treated witha septic tank, however secondary treatment technalges
should be used. The secondary treatment system shi@llow the design guides of 10 CSR 20-8.180 or
8.200(x).
1. When using septic tank effluent there shall be minimum of two feet (2’) of sand fill material and two
feet (2") of naturally occurring soils between théottom of the trench rock and the highest elevatiomf
the seasonal high groundwater level, bedrock, or ber limiting layer; or
2. When using secondary treatment there shall berainimum of one foot (1) of material and two feet 2')
of naturally occurring soils between the bottom othe trench rock and the highest elevation of the
seasonal high groundwater level, bedrock, or othdimiting layer.
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(C) Design.

1. Drip dispersal design submittals should take irt consideration all factors influencing the infiltrative
capacity of the soil and the ability of the soil ad site to transport ground water away from the appication
area. It should be noted that the use of historicahformation from existing systems installed and oprated in
similar soils, with documented loading rates, landsape positions and design conditions similar to the
proposed system may be applicable. Therefore, sotlsat have been highly compacted and/or disturbedsuch
as old road beds, foundations, etc., must be excled when evaluating suitable areas for drip disperda
systems.
2. Sites with seasonal high groundwater less thawénty-four (24) inches deep may require drainage
improvements before they can be utilized for slowate land treatment. The design hydraulic conductivy at
such sites is a function of the design of the draége system.
3. The design wastewater loading is a function ofrgcipitation, evapotranspiration, design hydraulic
conductivity rate, nitrogen loading limitations, other constituent loading limitations, groundwater ard
drainage conditions, average and peak design wasteter flows, soil denitrification rates, and the rae of
nitrogen uptake in site vegetation .
4. The design application rate in gallons per daper square foot (GPD/SF) shall be derived from eitér the
hydraulic (water) loading rate (Lwh) based upon themost restrictive of
A. The NRCS hydraulic conductivity data and the texure and structure
B. The nutrient (nitrogen) loading rate (Lwn). Theamount of wastewater that can be applied to a site
may be limited by the amount of nitrogen in the watewater. A particular site may be limited by the
nitrogen content of the wastewater during certain mnths of the year and limited by the infiltration
rate during the remainder of the year. The equatiorbelow shall be used to calculate, on a monthly
basis, the allowable hydraulic loading rate basedronitrogen limits:

Lwn = Cp(Pr-PET)+N(4.413)
(1-H(Cn)-Cp

Where: Lwn = allowable monthly hydraulic loading rate based on nitrogen limits, inches/month

Cp = nitrogen concentration in the percolating wastwater, mg/L. This will usually be 10mg/L
Nitrate-Nitrogen

Pr = Five-year return monthly precipitation, inchegmonth

PET = potential evapotranspiration, inches/month

U = nitrogen uptake by cover, Ibs/acre/year

N = nitrogen uptake by cover, Ibs/acre/month

Cn = Nitrate-Nitrogen concentration in applied wasewater, mg/L (after losses in preapplication
treatment)

f = fraction of applied nitrogen removed by denitrification and volatilization.

C. The Lwh value is determined by a detailed sitevaluation and will be dependent upon the soil
characteristics. The values of Lwh and Lwn are comgred for each month. The lesser of the two
values will be used to determine the amount of acage needed.

5. Drip field area requirements The minimum soil treatment area and total length. he system shall be sized
in accordance with the following equations:

__@ —
T LTAR and L = 5 feet

Where:

A = Minimum LPP soil treatment area (square feet)

Q = Maximum daily sewage flow (gallons per day)

L = Minimum total length (feet)

LTAR = Long term acceptance rate (gallons per day @r square foot). LTAR = Long term
acceptance rate (gallons per day per square foofJhis is the lowest reported conventional soil loadiy rate
between the soil surface and at least twelve inchék2”) below the fill.

(D) Soils.

1. The use of any soil is should meet the followirfgur (4) criteria:
A. The applied effluent loading rate does not excéethe applicable hydraulic loading rate in the tabé
below. The applicable hydraulic loading rate is defrmined by a detailed site evaluation in which the
site is mapped utilizing soil borings and pits to dtermine the physical properties of soil horizonsrd
soil map units.
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B. The applied effluent maximum loading rate doesat exceed 10% of the minimum NRCS saturated
vertical hydraulic conductivity (K sat) for the soil series, the results of the nutrientobading rate, or
0.20 gallons per day per square foot whichever Isast.

C. The soil does not have a restrictive horizon whin its top twenty (20) inches.

D. The soil is well drained, or capable of being dined.

2. It is desirable to have a minimum depth of twent (20) inches of undisturbed soil above a restricte
horizon which may need to be increased as slope ieases. This is necessary to provide adequate inkation
depth and buffer below the drip line.

3. Even if a soil meets the depth requirements it ay not be suitable due to the texture and/or structre. If a
soil shows signs of wetness within a depth of 20cimes of the soil surface, it will most likely requie a soil
improvement practice such as an interceptor or drawlown drain. The location and size of the drains and
buffers must be factored into the total area requied for the drip dispersal system.

(E) Lines and Trenches.

1. Drip dispersal lines should be placed at depthsf six (6) to ten (10) inches below the surface. Ehdrip
lines should be laid level and should run with theontour.

2. The emitter line spacing and emitter spacing shiebe at 2-foot spacing to achieve even distributioof
the wastewater and maximum utilization of the soil.

3. The vertical separation between the bottom of #atrench and a limiting layer, including but not
limited to, bedrock; restrictive horizon; or seasoral high water table, shall be no less than twentyoefir
inches (24”) or shall be no less than twelve inch€$2”) for systems dispersing secondary or higher
quality effluent.

4. Vertical separation shall be no less than fortgight inches (48”") where karst features are present
unless the site can be reclassified;

5. Trenches shall be spaced at least five feet)&part on centers. When trench spacing is greatehan
five feet (57), a maximum effective area of up toife square feet (5 sq.ft.) of soil treatment areaqy
foot of trench may be allowed.

6. Rock used in trenches shall be clean pea graweid graded or sized between three-eighths inch and
one inch (3/8” and 1"). Crushed limestone and doloite shall not be used. No more than one percent
(1%) fines, or materials passing the No. 100 siewhall be allowed;

7. Other aggregate material may be used in trenchemcluding but not limited to, tire chips or crushed
glass when specified by the designer and specifilyahpproved in the facility plan by the department

(F) Operations and Maintenance

(1) The following considerations should be made tensure proper operation and maintenance of the faly:

A. Inspection ports should be installed to have deast one port placed in each leaching trench for
observation of distribution and any ponding at theinfiltrative surface. The ports shall be anchored
and be accessible with at least a four inch openirand a removable cap;

B. Accessible turn-ups shall be provided at the endf each lateral for the purpose of flushing the leerals
and testing distal operating head.

C. Shutoff mechanisms with a durable and stable aess port shall be provided to isolate portions ohe
distribution network.

D. Baseline measurements including reconciling thgallons per minute with the design, distal
pressures/heights, and dose rates for future operians, maintenance, and monitoring must be
measured and recorded.

E. The distribution networks shall have an accedsie means of measuring design pressure or operating
head for both initial baseline measurement and futte monitoring of orifice clogging and other
network operations and include a means of scouringr flushing distribution laterals.

(2) The operations and maintenance manual of the éatment system shall include at a minimum, proced@s

for.

A. Checking for ponding in the distribution area;
B. Checking for surface water infiltration or clear water flows from the dwelling or structures into the

system components and around or onto the soil abgation area;
._Checking the vegetative cover for erosion or #8ng and any evidence of settling or seepage ih¢

area of the soil absorption component;
._Monitoring for proper operation of mechanical devices;

mjo |0

._Monitoring the dose volume and operating presge head of the distribution system and compare to

baseline measurements;
._Flushing of distribution laterals; and

n
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G. Review and document event counters, elapsed #nmeters, flow meters, and alarm conditions where

present.

>
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