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

PURPOSE: The following criteria have been prepared as a guide for the design of waste-water treatment ponds
(lagoons). This rule is to be used with rules 10 CSR 20-8.110-10 CSR 20-8.220 for the planning and design of the
complete treatment facility. This rule reflects the minimum requirements of the Missouri Clean Water Commission
as regards adequacy of design, submission of plans, approval of plans and approval of completed{sewage works]
wastewater treatment planit is not reasonable or practical to include all aspts of design in these standards.
The design engineer should obtain appropriate reference materials which include but are not limited to: copies of
design manuals such as Water Environment Federation’s Manuals of Practice, and other wastewater pumping
station design manuals containing principles of accepted engineering pracDeviation from these minimum
requwements WI|| be aIIowed where sufflcrent documentatlon is presented to justrfy the dewatron These criteria are
M mended
Standards%r%ewage—Werks—anel—are] based on the best mformatlon presently a\rartahie]g the Great
Lakes-Upper Mississippi River Board of State and Provicial Public Health and Environmental Manadémase
criteria were originally filed as 10 CSR 20-8.020d 10 CSR 20-8.220t is anticipated that they will be subject to
review and revision periodically as additional information and methods appear. Addenda or supplements to this
publication will be furnished to consulting engineers and city engineers. If others desire to receive addenda or
supplements, please advise the Clean Water Commission so that names can be added to the mailing list.
Editor's Note: The secretary of state has determined that the publication of this rule in its entirety would be unduly
cumbersome or expensive. The entire text of the material referenced has been filed with the secretary of state. This
material may be found at the Office of the Secretary of State or at the headquarters of the agency and is available to
any interested person at a cost established by state law.

(1) Definitions. Definitions as set forth in the Clean Water Law and 10 CSR 20-2.010 shall apply to those terms
when used in this rule, unless the context clearly requires otherwise. Where thesteaithsand“ must' are used,
they are to mean a mandatory requirement insofar as approval @agtrey] Missouri Department of Natural
Resource (department)is concerned, unless justification is presenteddfariation from the requirements. Other
terms, such asshould, “recommend, “ preferred and the like, indicatgdiscretionary requirements on the part of
the agency and deviations are subject to individual consideratios] preference of the department for
consideration by the design engineer

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

justification satisfactory to the department is provided. Justification must substantially demonstrate in

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

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

consideration.
(B) Land application is the application of wastewateat rates up to the maximum amount which can be
renovated by the soil—plant filter without detrimental effects to surface or groundwater soils or cropsLand
application installations are to be used where the waste contains pollutants which can be successfully
renovated through organic decomposition and the adsorptive, physical and chemical reactions in the soil and
vegetation. The land application of wastewater may recharge the local groundwater or reemerge into
streams; therefore, the quality, direction and rate of movement and local use of the groundwater, present and
future, are important considerations in evaluating a proposed site. It is essential to maintain an aerated zone
in the soil to provide good vegetative growth and removal of nutrients. A groundwater mound may develop
after the system is in use. Major factors in the design of land application systems are topography, sails,
geology, hydrology, weather, agricultural practice, crop, use of crop, adjacent land use, equipment selection
and installation.

(C) Wastewater reuse is the application of wastewater 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 facilities designed for twenty-two thousand five hundred (22,500)
gallons per day (85.4 fhor less (see 10 CSR 20-8.020 for the requirements for those facilities)itability.
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This rule shall apply to all wastewater treatment &cilities. This rule shall supersede when there & conflict

with 10 CSR 20-8.020.

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

(A) [Ponds]Lagoonsutilized for equalizatiop percolation, evaporationpnd sludge storage witot 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 dischages. Industrial wastes shall not be
discharged tolagoons or to land application systerwithout assessment of the effects the substancesyneave
upon the treatment processor requirements in accor@hce with state and federal laws. Whenever industi
wastes are a significant part of the wastewater flg, the department may require more stringent seepag
limitations and liner design considerations.

(4) Supplement tfEngineer’'s Reportf-acility Plan. The [engineer’s reporthcility plan shall contain pertinent
information on location, geology, soil conditiomsea for expansion and any other factors thataffdct the
feasibility and acceptability of the proposed pebjd he following information must be submittedaiddition to that
required in 10 CSR 20-8.110.

(A) [Supplementary].agoon Field Survey Data.

1. The location and direction of all residencesneercial developments, parks, recreational aredswater
supplies, including a log of each well if availalléghin one-half (1/2) mile (0.8 km) of the propasgond]lagoon
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 elevatiarsl contours, of the site and adjacent area $wall
provided. Due consideration shall be given to aok# treatment units and/or increased waste |@mdim
determining land requirements. Current United St&eological Survey and Soil Conservation Servie@smmay
be considered adequate for preliminary evaluatfidheproposed site.

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

5. A geological evaluation of the proposed lagoba grepared by thiDivision of Geology and Land Survey
(DGLS)] Missouri Geological Surveyshall be submitted. To obtain this geological eatibn of the proposed site,
the engineer shall submit the following informatimnthe Department of Natural Resourd@&ivision 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 geographiwdtiarks which will assist in locating the site;

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

C. Maximum cuts to be made in the constructiorheflagoon; and

D. Location and depth of cut for borrow area, ij.an

6. Sulfate content of the primary water supply sbeldetermined.

7. Data from all soil borings conducted by a prsiesal soil testing laboratory to determine suletefsoil
characteristics and groundwater characteristicdudting elevation, at the proposed site and théfece on the
construction and operation of a pond shall alsprogided.

A. All boring holes shall be filled and sealed.

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 cogffint may be required on a case-by-case basisflectresoil
characteristics.

D. At the twenty percent (20%) design stage, soil ymiglof each representative soil material including
particle size analysis, Atterburg limits, standdftocter] 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 geologicaharedetermine depth to piezometric surface and to
bedrock. Recommendations of fiEGLS] Missouri Geological Surveywill be used to establish the required tests
at the facility plan and twenty percent (20%) desitages.
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Visual inspection of the area noting topography; &eeas, vegetation and ditching is useful and roay
necessary, particularly if maps are not detailed/@nsoil maps do not exist. Information gathereairf this
investigation should be particularly useful in exatlon of the site with regard to estimating polesgwil variability
and suitability.

(B)Land Application System.

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 approximatel
one inch to fifty feet (1":50") (2.54:15.2 cm) withappropriate contour interval. It should show all buildings,
the waste disposal system, the spray field bounda&s 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 possihl 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 deposst

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 irdated.

6. Hydrology.

A. The depth to seasonal and permanent highwater bdes (perched and/or regional) must be given,
including an indication of seasonal variations.

B. The direction of groundwater movement and the pimt(s) of discharge must be shown on one (1) of the
attached maps.

C. Chemical analyses indicating the quality of grondwater at the site must be included.

D. The following information shall be provided from existing wells and from the test wells as may be
necessary:

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

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

E. A minimum of one (1) groundwater monitoring well where deemed necessary by thilissouri
Geological Survey must be drilled in each dominant direction of graindwater 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&in and
construction of the monitoring well(s) must be appoved by the department. These may include one (1) o
more of the test wells where appropriate.

7. Evaluation of Effluent to be Applied. Representdve samples are essential to properly evaluate the
effluent. Where the discharge is from a sewage trément plant, twenty-four (24)-hour samples proportoned
to the rate of flow will be needed to obtain a repesentative sample. In cases where the effluent i®ed for
several days or longer, a single sample of the effint will suffice. Analyses which will be of majorimportance
will be for total suspended solid (TTS), a volatilesuspended solid (VSS), sodium, calcium, magnesium,
electrical conductivity (EC), nitrogen, phosphorous metal ions and fluoride. The sodium absorption réo
(SAR) should be calculated from sodium, calcium andhagnesium determination.

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
included on the large-scale topographic map. Soiisformation can normally be secured through the USB
Soil Conservation Service.

B. The soils should be named and their texture desbed.
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C. Slopes and agricultural practice on the spray &éld are closely related. Slopes on cultivated fietd
should be limited to four percent (4%) or less. Slpes 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 to fourteen percent (14%) mayebacceptable.

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 rstricted horizons should be indicated.

G. Proposed application rates should take into coideration the drainage and permeability of the sos
and the distance to the water table.

9. Agricultural Practice.

A. The present and intended soil-crop management pctices, including forestation, shall be stated.

B. Pertinent information shall be furnished on exiting drainage systems.

C. When cultivated crops are anticipated, a croppig and harvesting program by a qualified agronomist
shall be included.

10. Adjacent Land Use.

A. Present and anticipated use of the adjoining lads 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 sprg
from entering adjacent land areas.

C. If expansion of the facility is anticipated, thdands which are likely to be used must be shown dhe map

[(B)] (C) Site Information.

1. Distance from habitation. Lagoon sites shouléd®éar as practicable from habitation or any arkich may
be built up within a reasonable future period. Egency does not attempt to set any minimum distdrore
habitation since each case must be judged upowitsmerits.

2. Prevailing winds. If practicablfponds] lagoons and spray land application siteshould be located so that
local prevailing winds will be in the direction ohinhabited areas.

3. Surface runoff. Location of [pond&§lgoonsin watersheds receiving significant amounts of rateater
runoff is discouraged. Adequate provisions mustriagle to divert stormwater runoff around the pornus grotect
embankments from erosion.

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

5. Groundwater pollution. Proximity of lagoons tater supply located in areas of porous soils asslifed
rock formation shall be elevated to avoid creabbhealth hazards or other undesirable condititirtae 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 thediutiéng or after
construction. When a request is made, the congudtiigineer shall comply with the request.

(5) Basis of Design.

(A) Quality of Effluent. A controlled discharge bthzation [pond] lagoon (four (4)-cell) will be considered
capable of meeting effluent limitations of thir30) mg/I biochemical oxygen demand (B§)@and thirty (30) mg/l
suspended solids. Flow-through stabilizat[ponds] lagoons(three (3)-cell), and aerated lagoon systems vell b
considered capable of meeting effluent limitatiofishirty (30) mg/l BOR and eighty (80) mg/l suspended solids.
Flow-through lagoon systems and aerated lagooremsgsfollowed by submerged sand filters will be édesed
capable of meeting effluent limitations of twenB0] mg/l BOLQ and twenty (20) mg/l suspended solids. Lagoons
may be incorporated into irrigation systems or eyst utilizing chemical coagulation and filtratiam eet the
requirements of 10 CSR 20-7.015(3)(A)3. Pleaserradel0 CSR 20-7.015 Effluent Regulation for disgea
requirements.
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(B) Area and Loadings for Controlled Discharge 8izdttion [Ponds] Lagoons (four (4)-cell).[Pond] Lagoon
design for BOR loadings shall not exceed thirty-four (34) Ibstédday (38 km per hectare per day) at the three-foo
(3 (1.9 m) operating depth in the primary cellbe primary cell shall be followed by a secondal baving 0.3
the area of the primary cell and by two (2) storagts. The two (2) storage cells shall have a n@uabove the
two-foot (2) (0.6 m) level for one (1) month’s s&ige of average daily flow in each cell. At leasedundred
twenty (120) days’ detention time between the taotf(2") level (0.6 m) and the maximum operatingteshall be
provided in the entire pond system. Flow can besthasn one hundred (100) gallons per capita per (88y
m*/cap/d) or other values if data is presented ttifjuthe rate. Primary and secondary cells shalbbsigned for
water depths up to a maximum of five feet (5') (h)p The storage cell should be made as deep athfwsp to a
maximum depth of eight feet (8" (2.4 m).

(C) Area and Loadings for Flow-through Stabilizat[Ponds] Lagoons (three (3)-cell)[Pond] Lagoon design
for BODs loadings shall not exceed thirty-four (34) poupés acre per day (38 km per hectare per day). €bensl
cell must be at least 0.3 the area of the firdtamd the third cell 0.1 the area of the first c&he first and second
cells must have a variable operating level of betwavo 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). &wgton time of at
least one hundred twenty (120) days must be prdviBws of less than one hundred (100) gallonscpeita per
day (.38 ni/cap/d) may be used if data is presented to jusiéjlower rate.

(D) Aerated Lagoons. For the development of firedign parameters it is recommended that actuariexpetal
data be developed; however, the aerated lagoogrdési minimum detention time may be estimated gigime
following formula:

E

2.3 K x (100-E)
where:
t = detention time in the aeration cell in days;
E = percent of BOBto be removed in an aerated pond; and
K, = reaction coefficient aerated lagoon, base 10.
1. For normal domestic sewage theuwglue may be assumed to be .15 per day for Missouditions. The reaction
rate coefficient for domestic sewage which includeme industrial waste, other waste or partialbated sewage
must be determined experimentally for various cbo$s which might be encountered in the aerateddpon
Conversion of the reaction coefficient at other penatures shall be based on experimental data. $eavage
strength should also consider the effect of anyrnesludges.

2. [Also, additional] Additional storage volume should be considered for sludge and inheort [climates]
Missouri, ice cover.

3. Oxygen requirements generally will depend on Bf@Ds loading, the degree of treatment and the
concentration of suspended solids to be maintaifethtion equipment shall be capable of maintairmginimum
dissolved oxygen level of two (2) mg/l in tponds] lagoons at all timesThe aeration equipment shall be
capable of providing 1.3 pounds of oxygen per poundf BODs (1.3 kg/kg BOD;) removed. BOD; removal
shall be based on warm weather rates.

4. Suitable protection from weather shall be predidor electrical control§The aeration equipment shall be
capable of providing 1.3 pounds of oxygen per poofBOD; (1.3 kg/kg BOB) removed. BOBremoval shall be
based on warm weather rates. Aerated cells shafibbbewed by a polishing cell with a volume of 8f2he volume
of the aerated cell (see 10 CSR 20-8.180 for detailaeration equipment).]

5. 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.

A. Floating surface aerators should be anchored iat least three and preferably four directions.
Interconnection of floating aerators is discouragedFlexible cables are preferred over rigid ones.

B. Surface aerators should be designed to preverting. Consideration should be given to the instalteon of
splash plates for control of misting. For platformmounted aerators, the platform legs should be spadeat a
sufficient distance from the aerator to minimize tke effect of ice build-up caused by splashing.

1. Aerator design should provide for periodic and major maintenance and repairs and shall provide for

removal of the aerators for replacement if necessgr
2. Provisions shall be made for independent operain of each aerator by on/off switches, time clocksfc.
C. Diffused aeration. The design for compressed airolume requirements shall include the basin aeratin
requirements together with air used in other channks, pumps, or other air-use demands. The air diffusn
equipment shall be capable of maintaining sufficiehmixing and oxygen concentration in the aerated Mame
under maximum seasonal demand conditions. Provisis shall be made for removal of deposits for
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unclogging of air diffuser openings. Consideratiorshould be given to minimizing the points of access
necessary for cleaning.

1. The specified capacity of blowers or air compresrs, (particularly centrifugal blowers), shall take into
account that the air intake temperature may reach @°C (104°F) or higher and the pressure may be less
than normal. Air filters shall be provided in numbers, arrangement, and capacities to furnish at all
times an air supply sufficiently free from dust toprotect equipment and prevent clogging of the
diffuser 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 largest unit outof service. The design shall also provide for
varying the volume of air delivered in proportion to the design load for individual cells of the lagao
system.

3. In the summary of design, calculations shall berovided to verify that blower pressure is sufficiet to
dewater the diffuser lines at saturation conditionsinder normal operating depths.

4. Diffusers shall be arranged in each basin to prade tapered aeration with maximum intensity near he
inlet. The spacing of diffusers shall be in accordace with the oxygenation requirements of the totgbrocess,
i.e., the organic loading in each cell. Diffuser sring should be designed to facilitate adjustmentsithout
major revision to air header piping. The arrangemen of diffusers should also permit their removal for
inspection, maintenance, and replacement without copletely dewatering the basin and without shuttingoff
the air supply to other diffusers in the basin.

5. Individual assembly units of diffusers shall bequipped with control valves, preferably with indicator
markings for throttling or for complete shut-off. Provisions must be made for subsequent air flow ornessure
measurements and necessary air flow adjustments. fidisers in any single assembly shall have substaaliy
uniform pressure loss.

(E) Multiple Units. Parallel cells should be coreied for large installations. The maximum size oy aell
should be forty (40) acres (16 ha). The systemIgshioel designed to permit isolation of any cell with disrupting
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 rectangu[ponds] lagoonswith a length not exceeding three (3) times thdthware considered
most desirable. No islands, peninsulas or covel sbgpermitted. Dikes should be rounded at cort@nmsinimize
accumulation of floating materials. Common dike stouction, wherever possible, is strongly encoudage

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

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

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

1. Material. Dikes shall be constructed of reldivienpervious material and compacted to at leasetyifive
percent (95%) standarfProcter] Proctor density to form a stable structure. Vegetation atiter unsuitable
materials shall be removed from the area wherehizgankment is to be placed.

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

3. Maximum slopes. Inner and outer dike sloped sivalbe steeper than three horizontal to oneacar{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 addetlosh areas
being conducive to emergent vegetation. Outer slgball be sufficient to prevent surface runoffrirentering the
ponds.

5. Freeboard. Minimum freeboard shall be two f&t (0.6 m). For very large cells, three feet (3)0 m)
should be considered.

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

7. Erosion control. A justification and detailedsdission of the method of erosion control which
encompasses all relative factors such[mend] lagoon location and size, variations in operating depteal
material, topography, prevailing winds, cost breakd, application procedures, etc., shall be pravide
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A. Seeding. The dikes shall have a cover layeedflé topsoil with a minimum thickness of four res (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 yubedequate vegetation shall be established orsdiken the
outside toe to one foot (1) above the water lireasured on the slope. Perennial-type, low growépgeading
grasses that minimize erosion and can be mowecdhast satisfactory for seeding of dikes. In genaatiflfa and
other long-rooted crops should not be used foriagesince the roots of this type are apt to imglaérwater holding
efficiency of the dikes. Alternate dike stabilizati practices may be considered if vegetative c@wamot 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. &mated cell(s) design should ensure erosion gioteon the
slopes and bottoms in the areas where turbulent®edur. 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 erostmmtrol on the interior dike slopes may be necgstar
ponds which are subject to severe wave actiorhdad cases riprap or an acceptable equal shalabedofrom one
foot (1) (.3 m) above the high water mark to tveetf (2") (0.6 m) below the low water mark (measweadhe
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 (thred-¢2ll) where large fluctuations in operating depthill occur.]

(B) [Pond] Lagoon Bottom.

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 ti@sture content between two percent (2%) below fuod
percent (4%) above the optimum water content arttidépecified standaférocter] Proctor density but no less
than ninety-five percent (95%) standdRrocter] Proctor density. Any soil borings and tests to determine
characteristics of surface soil and subsoil shalldomade part of the summary of design data. The ban
should be cleared of vegetation and debris.

2. All lagoonsshall be sealed so that seepage loss through thalse as low as possible. Theigoon seal
shall cover the bottom and extend up the inner dikslope to where the side slope intersects with thep of the
dike. Seals consisting of soils, asphalt, soil cemer 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 sysseusing
soil.

A. The design permeability of thelagoon seal shall not exceed five hundred (500) gallons pacre
per day in areas where potable groundwater might bome contaminated or when the wastewater contains
industrial contributions of concern. Design seepagrates up to thirty-five hundred (3500) gallons peracre per
day may be considered in other areas where potabtgoundwater 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 'f5and for
seepage losses less than five hundred (500) gallges acre per day. For permeability coefficients geater
than 107 centimeters per second (cm/sec) or for heads oviéve feet (5') such as an aeratethgoonsystem, the
following equation shall be used to determine minimm seal thickness:

H x K

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 maintainaisture content of the seal.
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D. If measurement of percolation losses is requirethy the department. In no case shall measured
percolation losses exceed thirty-five hundred (35Q0gallons 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 (1768)ons per acre per day. Whenever industrial wasteare
a significant part of the wastewater flow, the depament may require more stringent seepage limitatios and
liner design considerationsMeasured percolation losses in excess of one-sitttéech (1/16") (1.6 mm) per day
will be considered excessive.

(C) Lagoon Sealand Liner.

[1. Design. Ponds shall be sealed so that seepaggethrough the seal is as low as practicably fmesiSeals
consisting of soils or synthetic liners may be ugedvided the permeability, durability, integrityné cost
effectiveness of the proposed materials can befaatorily demonstrated for anticipated conditio®entonite,
soda ash or other sealing aids may be used to aeté® adequate seal in systems using soil. Resfulistesting
program which substantiates the adequacy of th@@sed seal must be incorporated into and/or accomphe
engineering report. Standard ASTM procedures oeo#tceptable methods shall be used for all t&xtds having
a permeability coefficient of 10- cm/sec or lesthwai compacted thickness of twelve inches (12")(8fh) will be
acceptable as a lagoon seal for water depths ufiveofeet (5% (1.5 m). For permeability coeffidiemreater than
107 “™secor for heads over five feet (5 (1.5 m) such asaerated lagoon system, the following formula Ishal
used to determine minimum seal thickness:

H x K

5.4 x 107 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 ovecavation below grade level of twelve inches (130.%
cm), scarification and compaction of base matet@lninety-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 amihety-five percent (95%) standard Procter dgnait moisture
content between two percent (2%) below and foucemr (4%) above optimumMaximum rock size should not
exceed one-half (1/2) of the thickness of the catepdift. The cut face of dikes must also be @x&avated 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-caséshizased on particle size analysis and Atterbungt. In fact,
with some clay soils, satisfactory construction raan be obtained by over-excavation and recompaction
Construction control must include field densitymdimum of two (2) density tests per acre or nes léhan three
(3) tests must be performed for the base and eifichPermeability tests of field compacted mateniahy be
performed at the option of the consulting engineer.

3. Prefilling. The pond shall be prefilled in ordier protect the liner, to prevent weed growth,éduce odor, to
allow measurement of percolation losses and to tamirmoisture content of the seal. However, thedikust be
completely prepared as described in subparagra)éAf7.A. and/or B. of this rule before the intration of
water. If the lagoon bottom is allowed to dry, teal must be recompacted as required in paragr&{C)2.

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

1. Site Evaluation. A preliminary investigation fora lagoon site should be undertaken to screen a siyiarea
for potential sites before a detailed site investagion, if required, is undertaken. The purpose of he
investigation is to assemble available informatioto determine if soil borings and soil tests are ragjred to
design a pond which will meet the seepage requiremis. The investigation should be done using data sl as
Soil Conservation Service (SCS) County Soil Surveys.S. Geological Survey topographic maps and the
required geological evaluation from the Departmenbf Natural Resources, Division of Geology and Land
Survey. Visual inspection of the area noting topogphy, wet areas, vegetation and ditching is usefahd may
be necessary, particularly if maps are not detailednd/or soil maps do not exist. Information gatherd from
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this investigation should be particularly useful inevaluation of the site with regard to estimating pssible soil
variability and suitability.

A. All potential lagoon sites will receive a ratingfrom the geological evaluation. The rating will irfier the
relative geological limitations for designing and onstructing a pond at the site in question. Whenevethe
geological evaluation indicates that a site has ght limitations, the requirements for additional site
investigation as set forth in subsection (17)(B) othis rule, may not be required by the department.The
department may require that the results of densitytests, taken on the finished pond liner, be submigd and
approved prior to putting the pond into operation.

B. Whenever a site has moderate geological limitatns, the department may require one (1) or all ofrte
requirements for a detailed site investigation ases forth in subsection (17)(B) of this rule. The degartment
may require density tests, taken on the finished pal liner, be submitted and approved prior to putting the
pond into operation.

C. Sites that have severe geological limitationsrfgonstruction 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 ponds will notéallowed.
Exceptions may be granted dependent upon the typef diner proposed and where the geological
considerations have been thoroughly evaluated soahthe risk of groundwater contamination is minimized.

D. Where liners are used in storage or treatment k&@ns 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 tke event
of leakage or damage to the seal. Secondary contaiant or leakage detection and collection devicesahbe
considered for corrosive or reactive wastewaters ahfor toxic materials. The department may require
leakage testing and submittal of density tests anal coefficient of permeability on the finished line prior to
placing the structure into operation.

2. Detailed Soils Investigation. If a detailed s#tinvestigation is needed to substantiate feasitijliand 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 glified
soil engineering party doing the field work so thatan investigation strategy can be developed and digient
data collected. Most important, an identification & the volume of the soil needed for the liner musbe
determined. The department may require the followirg 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 tin wall sampling or a combination of these techniges may be
used depending on the total area of investigatioma the depth to which exploration is needed. The flowing
information, in whole or in part, may be required by the department:

1. Atterburg limits;

2. Standard Proctor density (moisture/density relabnships);
3. Coefficient of permeability (undisturbed and renolded);
4. Depth to bedrock;

5. Particle size analysis; and

6. Depth to seasonal high groundwater table.

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 showmsing cross sections or fence diagrams when soihdir
material is to be identified. Copies of original boing and other soil test logs shall also be include An
interpretation of the collected data shall be incoporated into the report. Any site constraints and low they
will be dealt with should be discussed.

3. Design. The following criteria are for desigrand construction of soil liners. Engineering repors, plans
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 Classificaan Systems as ClI, 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 thirty (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 proar density with the moisture content between two
percent (2%) below and four percent (4%) above the@ptimum moisture content;
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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;

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 liftgenerally not exceeding six inches (6") to greateghan
ninety percent (90%) standard Proctor density. Maxinum rock size should not exceed one-half (1/2) dfe
thickness of the compacted lift. The completed seahall be maintained at or above the optimum water
content until the lagoon is prefilled in accordancevith this rule; and

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

1. The bentonite should be high swelling and freédiwing 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 flor and dikes. The bentonite shall be mixed into theoil to a
uniform depth of at least four inches (4") and theliner should be compacted to at least ninety percérf90%)
standard proctor density without the use of a sheegfoot roller. The completed liner shall be coverevith at
least four inches (4") of fine textured soil and tlke 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 be grggated cherty clays, the lagoon bottom below the
bentonite seal should be either constructed as emtlement or scarified to a depth of twelve inches (12 and
compacted in six-inch (6") lifts to at least ninetypercent (90%) standard proctor density. At leastdur inches
(4" of fine soil shall be placed on top of the copacted pond bottom for mixing with the bentonite. The
maximum size of rocks in the fine soil used for caring the soil-bentonite liner and in the soil-bermnite
mixture should be one inch (1").

4. Synthetic Liners. Requirements for thickness o$ynthetic seals may vary due to liner material buthe
liner thickness shall be no less than two-hundredthinch (.02") or twenty (20) mil. Consideration shald also
be given to liners containing reinforcement in appopriate situations, such as sidewall slopes steephan one
to three (1:3) or lagoon depths greater than six & (6'). Also in areas of cherty or gravelly soilsconsideration
should be given to using a geotextile under the km or very thick polyethylene (80 mil) liners. Speial care
must be taken to select the appropriate material t@erform 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, |t surface free of stones and other sharp object®
bedding of two to four inches (2—4") of sand or cken soil free of stones greater than three-eighthsch (3/8")
or other sharp objects shall be provided. Soil shibe 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 seamwith an overlap of four to six inches (4—6"). Caeful
application of the seaming method is essential. Trenchor trench should have a minimum six-inch (6")depth
and be placed at least nine to twelve inches (9-12beyond the slope break at the dike. Care must be
exercised in the backfilling 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 thédiner 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 wth
potential problems which can be encountered.

(D) Influent Lines.

1. Material. Cast- or ductile-iron pipe should ksd for the influent line to the pond. Unlined cgated metal
pipe should be avoided due to corrosion problenteeOmaterials selected shall be suited to localitmns. In
material selection, consideration must be givetheoquality of the wastes, exceptionally heavy extkloadings,
abrasion, soft foundations and similar problems.
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2. Manhole. A manhole shall be installed prior térance of the influent line into the primary cgjl@nd shall
be located as close to the dike as topography perits invert shall be at least six inches (69 ¢n) above the
maximum operating level of the pond and providdisieht hydraulic head without surcharging the maleh

3. Flow distribution. Flow distribution structuredall be designed to effectively split hydraulicdasrganic
loads equally to the primary cells.

4. Influent line(s). The influent line(s) shall leated along the bottom of the pond so that tpeofahe 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 haadividual influent line(s) which terminate at apgimately
the center of the cell so as to minimize shorttgtiog. Consideration should be given to multi-irght discharge
points for primary cells of twenty (20) acres (&tages) or larger to enhance distribution of thetedoad on the
cell. All aerated cells shall have influent linesieh distribute the load within the mixing zone tbe aeration
equipment. Consideration of multi-inlets shouldchesely evaluated for any diffused aeration systems

6. Influent discharge apron. The influent line(bpls discharge horizontally into the shallow sausleaped
depression. The end of the discharge line(s) sbsllon a suitable concrete apron large enoughadtte terminal
influent velocity at the end of the apron does caise soil erosion. A minimum size apron of twd {28 (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)(1).

(E) Control Structures and Interconnecting Piping.

1. Structure. Facilities design shall consider tise of multipurpose control structures, where ssito
facilitate normal operational functions such aswdtewn and flow distribution, flow and depth measuest,
sampling, pumps for recirculation, chemical addisi@nd mixing and to minimize the number of corcdiom sites
within the dikes. As a minimum, control structugdmll be accessible for maintenance and adjustofectntrols;
adequately ventilated for safety and to minimizerasion; locked to discourage vandalism; containtieds to
allow water level and flow rate control, completeus off and complete draining; constructed of nonusive
materials (metal on metal contact in controls stidad of like alloys to discourage electrochemiegctions); and
located to minimize short-circuiting within the ktahd avoid freezing and ice damage. Recommendeidedeto
regulate the water level are valves, slide tubedual slide gates. Regulators should be designe¢ldasdhey 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 batked within
the seal. Seep collars shall be provided on drgiespwhere they pass through the pond seal. Bhekélnd the
drain pipe shall be placed and compacted in theesamanner as the pond seal. Pipes should be anchatfed
adequate erosion control.

A. Drawdown structure piping.

(1) Multilevel outlets. The outlet structure on bapond cell, except aerated cells, shall be dedidoe
permit overflow at one-foot (1') (30.5 cm) incrertebetween the two foot (2') (61 cm) level and tieximum
operating level. Suitable baffling shall be prowide prevent discharge of scum or other floatingemals. Means
must be provided to prevent unauthorized variaridéelagoon depth. A flap valve shall be proviggdhe outlet
end of the final cell overflow or drain pipe to peat 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 pitewiously described structures. Sufficient pumpsl a
appurtenances shall be made available to facilidaééning of individual ponds if ponds cannot beided by
gravity.

(1) Emergency overflow. To prevent overtoppingdikes, emergency overflow should be provided.

B. Hydraulic Capacity. The hydraulic capacity famstant discharge structures and piping shall aftava
minimum of two hundred fifty percent (250%) of tldesign flow of the system. The hydraulic capacity f
controlled discharge systems shall permit transfewater at a minimum rate of six inches (6") (16) 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 pontl& loading shall not exceed five (5) gallons pay ger
square foot (.2 Am?/day) of sand. Following aerated waste stabilizatfnds, the loading shall not exceed fifteen
(15) gallons per day per square foot (.&mf/day) of sand.
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2. Clean graded gravel, preferably placed in atsletihree (3) layers should be placed around theeuthchins
and to a depth of at least six inches (6") (15 owgr the top of the underdrains. Suggested gradiogthe three
(3) layers are: one and one-half inches to threerttes inch (1 1/2"-3/4") (3.8 cm-1.9 cm), threerfha 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) ofadevashed sand should be provided. The sand slhawiel an
effective size of 0.3-1.0 mm and a uniformity goefit of 3.5 or less.

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

5. The earth base of the filters should be slopetih¢ underdrains or the underdrains may simplyplaeed 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).

7. At least two (2) cells must be provided with thenbined capacity equal to that necessary fordégign
loading.

8. A vehicle access ramp from the top of the enthankdown to the sand surface and running along(@pe
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 tianclink or
woven type. Fencing shall not obstruct vehiclefitadr mowing operations on the dike. A vehicleesscgate of
sufficient width to accommodate mowing equipmealf sle provided. All access gates shall be providti locks.

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

(C) Warning Signs. Appropriate permanent signsldb@lprovided along the fence around the pond wigihate
the nature of the facility and advise against tesging. At least one (1) sign shall be provideceanoh side of the
site and one (1) for every five hundred feet (5QBP 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 doilitate groundwater monitoring. The use of wedisd/or
lysimeters will be determined on a case-by-case&bas

(F) Laboratory Equipment. Refer to 10 CSR 20-8.8){0).

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

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

(7) Lagoon Retrofits
A. Baffles

B. Covers
1. Membrane covers, either permeable or impermeealiien used on an earthen basin manure storagansyshall
be constructed of high density polyethylene (HDBEJ have a minimum thickness of 2 mil and be uitlavand
weather resistant.
A. The HDPE cover shall be secured at the lag@simpeter utilizing an anchor trench.
B. The anchor trench shall be constructed with deaincorners in order to avoid sharp bends.
2. Seams
A. Large rocks and other.objects shall be removeuxh the trench sides.
B. Extrusion and fusion welding shall be used feldf seaming.
C. Trial seams shall be used to verify acceptaiméenmental conditions. Specimens of the triahsehall
be tested in shear and peel using a field tensetermThe seaming equipment shall not be useeif th
specimens fail the testing.
D. The cover shall include at least six 6” sampepthat will be used to retrieve wastewater dndge
samples from the lagoon’s contents. The samples gbidll 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 manwéaghes located along or near the center of the laggach
hatch shall have a secured cover or cap.
3.Biogas. The cover shall include all necessarlectibns piping and other conducts to collect amavey the
generated biogas handling system. Biogas collegtititin the cover shall include a central colleaticonduit
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located along or near the centerline of the lagdtiis central collection conduit shall allow easynioval of
generated gas from the central portion of the lagdbe gas collection and handling piping shalHRPE.

4. Stormwater removal. The cover shall includecanstwater removal system that conveys collectedipitation to
sumps. The distance between sumps shall not exte#dThe sumps shall be located at all locatiexgected to
accumulate storm water. Each sump shall dischaegedllected storm water to the lagoon contents.

3. Mechanical Treatment

(8) Slow rate Surface Land Application of Wastewater. e summary of design data and general layout shall
contain pertinent information on the proposed sitancluding location, geology, soil conditions, arefor
expansion, groundwater conditions and any other faors which may affect the feasibility and acceptaltity of
the proposal. The summary of design data shall aldaclude pretreatment and storage requirements, the
design application rates and monitoring, applicatia equipment, and operation and maintenance
requirements. The source should be given for any farmation used by the 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 within ne-half (1/2) mile of the proposed site;

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

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

5. Proximity of site to industrial, commercial, resdential developments, surface water streams, potéd
water wells, public use areas such as parks, cemgés 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 musé
provided; and

9. The department may require a geological evaluain of the proposed land application site preparedy
Missouri Geological Survey A geologic report is not required for application rates that will not exceed
twenty-four inches (24") of applied wastewater peear for typical domestic wastewater lagoon effluem

(B) Wetted Application Area. The wetted applicationarea is the land area which is normally wetted by
wastewater application. The wetted application areanust conform to the following criteria:

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

2. The wetted application area shall be establishedlt least one hundred fifty feet (150") from existig
dwellings or public use areas, excluding roads orighways. In addition the wetted application area sall be at
least fifty feet (50) inside the property line. Dstances may be reduced depending upon the extent of
pretreatment and operational techniques. One-half/2) the required distances may be used if the wastater
is disinfected in accordance with section (13) ohis rule;

3. The wetted application area should be at leashitee hundred feet (300") from any sinkhole, losing
stream or other structure or physiographic featurethat may provide direct connection between the grood
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 th
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 areawhere access is limited. A minimum of one (1) sigshould be
placed on each side of the application area. The peter 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 (2high.
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(C) Soils Information. The department may require hat the soil types and characteristics for the tofive
feet (5') of soil be investigated if applied wasteater will exceed twenty-four inches (24") per yearUnless
required otherwise by the department, soils informéon shall include soil series name, soil texturesoil
permeability and water-holding capacity. If a couny soils map is available, the approximate boundarg 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 riestone and dolomite, where there is a potential fo
groundwater contamination, chert or stone contentisall be determined to a depth of five feet (5'). D#h to
restrictive layers such as fragipans or claypans sl 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 shiabe evaluated for areas of potential erosion. The
effects of both applied wastewater and storm runoffshall be considered. Special consideration shoulike
given to the period of construction and system staup when vegetative cover may be lacking or not fiy
developed.

(D) Preapplication Treatment. As a minimum, treatmet prior to land application shall provide treatment
equivalent to that obtained from a primary wastewaer pond cell designed and constructed in accordance
with section () of this rule, except that the pond depth may bencreased to include wastewater storage on top
of the primary volume. Separate storage cells maylso be used. The maximum organic loading on the
primary cell(s) at a water depth of three feet (3'shall not exceed thirty-four pounds (34 Ibs.) of BD per acre
per day. The normal operating level for all ponds sould be between the two-foot (2') level and the gh water
level. A permanent depth measurement gauge or markeshall be installed in the pond(s) and shall be asdy
readable at one-foot (1') increments or smaller. Té gauge shall be placed in a suitable location wteit is
easily accessible during routine operations.

(E) Land Application Rates Application rates shall be determined for each indiidual site based on
topography, soils, geology, hydrology, weather, amultural practice, adjacent land use and applicatn
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 cropser 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.

2. Storage facility. Storage requirements shall bbased on the design wastewater flows and net rairfa
minus evaporation expected for a one (1) in ten (JQear return frequency for the storage period seleted.
The storage volume for wastewater stabilization paas shall be calculated based on the useable volumieove
the two-foot (2') level. These requirements assuntbat a permanent cover crop is in place and the pmary
purpose of the system is wastewater treatment. Ifhe system uses row crops, or crop production is the
primary goal, storage should be increased to corrg®nd with crop planting and harvesting schedules.

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.

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 flov generated during the period of operation, whicheer is less,
must be provided.

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

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

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 shaprovide 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 tonmimize clogging of the sprinkler nozzle or distribdion
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 @nsidered for shut off of the system after a
prescribed wastewater application period. Manual sirt-up of the application system is recommended.

4. Soil permeability. Soil permeability shall be baed on the most restrictive layer in the top fivedet (5"
of soil. Soils having permeability rates of two-tetins to two inches (0.2—2") per hour are most suitdb for
irrigation. Values below two-tenths inch (.2") perhour may generally require special application equpment,
reduced application rates or overland flow approach Values above two inches (2") per hour will requie
reduced application rates to provide adequate resihce time within the soil profile or will require additional
soils and geologic information for depth to bedrockdepth to water table and recharge areas.

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

6. Application rate. The application rate consistof an hourly application rate in inches per hour am
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 (1/2") per hour. For soil permeability of less than
two-tenths inch (0.2") per hour, the designed maximm 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

C. The design maximum annual application rate shalhot exceed a range from four percent to ten
percent (4%-10%) of the design sustained soil permagility rate for the number of days per year when sils
are not frozen. The following shall apply to typichdomestic wastewater lagoon effluent:

(I) Soil permeability less than two-tenths inch (®") per hour. The maximum application rate shall
be forty inches (40") of applied wastewater per yea The department may require lower application rates
when there is evidence of fragipans, claypans or mes of seasonal saturation within the top two fe€R") of the
soil profile;

(I1) Soil permeability range from two-tenths inch (0.2") per hour to two inches (2") per hour. The
maximum application rate shall be one hundred inche (100") of applied wastewater per year. Lower rate
may be required if there is evidence of seasonaltsaation in the top five feet (5') of the soil profle or if there
is a significant potential for groundwater contamiration;

() Soil permeability ranges from two inches (2") per hour to six inches (6") per hour. The
maximum application rate shall be sixty inches (60)' of applied wastewater per year. The department ma
require lower rates if there is a significant potetial for groundwater contamination; and

(IV) Soil permeability over six inches (6") per hou. The maximum application rate shall be twenty-
four inches (24") of applied wastewater per year.

D. In no case shall the application rate result inthe runoff of applied wastewater during or
immediately following application.
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7. Nitrogen Loading. Nitrogen application rates shk not exceed the amount of nitrogen that can be
utilized by the vegetation to be grown. Typical dorestic wastewater after lagoon storage can be expedtto
contain from five to eight milligrams per liter (5-8 mg/l) of ammonia nitrogen as N and less than one
milligrams per liter (1mg/L) of nitrate nitrogen as N. Ammonia nitrogen can be adsorbed onto soil paitles
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 slbimicrobes
can utilize the nitrates. If the applied wastewateiis expected to provide more than one hundred fiftpounds
(150 Ibs.) of total nitrogen per acre annually orfi the 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.

8. Trace element loading. Consideration shall be g&n to the type and influence of any industrial wags
contributed to the wastewater stabilization pond. Vpical domestic wastewater does not contain amountsf
trace substances which are of concern for land apightion 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 suitabl®r 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).

9. 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 defermentsizall 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 norecommended 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 than four hundred (400) fecal colifon organisms 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 thesubmitted plans and at a minimum shall address
maintenance of mechanical equipment and vegetativeover, monitoring, record keeping, operating
procedures, application scheduling and winterizatia 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 coliforrmorganisms 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 andbeled 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 pivonhd 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 pirot systems are working properly and that there
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 crop.
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(9) Subsurface Irrigation
(A)Subsurface Irrigation systems, also known as dpi dispersal systems are designed and operated tdoal
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 matter. There are many factors to be considered when
designing drip dispersal systems, such as the qualiof treated effluent being applied, depth of sod, and
retention time in the soils before water returns toeither ground water or surface water.
(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 technajges
should be used.
1. When using septic tank effluent there shall be minimum of two feet (2") of sand fill material andtwo
feet (2') of naturally occurring soils between thébottom 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 berminimum 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.
(C) Design.
1. Drip dispersal design submittals should take imt 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 dra@wge system.
3. The design wastewater loading is a function of:
a. Precipitation.
b. Evapotranspiration.
c. Design hydraulic conductivity rate.
d. Nitrogen loading limitations.
e. Other constituent loading limitations.
f. Groundwater and drainage conditions.
g. Average and peak design wastewater flows.
h. Soil denitrification rates
i. Rate of nitrogen uptake in site vegetation
4. The design application rate in gallons per dager 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 sitmay be
limited by the amount of nitrogen in the wastewater A particular site may be limited by the nitrogencontent
of the wastewater during certain months of the yeaand limited by the infiltration rate during the re mainder
of the year. The equation below shall be used tolcalate, on a monthly basis, the allowable hydraudi loading
rate based on nitrogen limits:

Lwn = Cp(Pr-PET)+N(4.413)
(1-D(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)
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f = fraction of applied nitrogen removed by denitrfication and volatilization.
The Lwh value is determined by a detailed site evahtion and will be dependent upon the soil charactestics.
The values of Lwh and Lwn are compared for each mah. The lesser of the two values will be used to
determine the amount of acreage 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:
? and L 4

LTAR - 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 foot). This is the lovet reported conventional soil loading rate betweethe soil
surface and at least twelve inches (12”) below tHl.
(D) Soils. Moderately permeable and well-drained sts are desirable. Preliminary soil investigationshould
be done to identify areas best suited for subsurfaowastewater drip dispersal.
1. The proposed drip dispersal area must be mappeat sufficient accuracy to identify each soils serge(or
lowest possible level of soil classification) preseand the boundary location between series. Oncédse areas
are identified, the more detailed procedures outliad below will be employed.
2. Itis required that all soil investigations be prformed by a qualified soil scientist. Evaluation of a soil area’s
suitability for drip dispersal should take into consideration limiting aspects of the soil profile.
3. Level sites with shallow restrictive horizons asrlain by low permeability soils represent one oftte more
limited scenarios for drip dispersal and the appliation rate and/or application area should be suitaly
modified.
4. The use of any soil is should meet the followirfgur (4) criteria:
A. The applied effluent loading rate does not excéehe applicable hydraulic loading rate in the tabé
below. The applicable hydraulic loading rate is degrmined by a detailed site evaluation in which the
site is mapped utilizing soil borings and pits to dtermine the physical properties of soil horizonsrad
soil map units.
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 nutrientoading rate, or
0.20 gallons per day per square foot whichever Isast.
C. The soil does not have a restrictive horizon wliin its top twenty (20) inches.
D. The soil is well drained, or capable of being dined.
5. It is desirable to have a minimum depth of twent (20) inches of undisturbed soil above a restriote
horizon which may need to be increased as slope reases. This is necessary to provide adequate inikiion
depth and buffer below the drip line.
6. Even if a soil meets the depth requirements it ay not be suitable due to the texture and/or struetre. If a
soil shows signs of wetness within a depth of 2Qcimes of the soil surface, it will most likely requie a soil
improvement practice such as an interceptor or drawown 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 depthaf six (6) to ten (10) inches below the surface.
The drip lines should be laid level and should runwvith the contour.
2. The emitter line spacing and emitter spacing shigbe at 2-foot spacing to achieve even
distribution of the wastewater and maximum utilization of the soil.
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 inche2¢4”) 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. Trenches shall be spaced at least five feet)&part on centers. When trench spacing is greateghan five
feet (57), a maximum effective area of up to fivecquare feet (5 sq.ft.) of soil treatment area per fat of trench
may be allowed.
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6. Rock used in trenches shall be clean pea grawid graded or sized between three-eighths inch arahe
inch (3/8” and 1"). Crushed limestone and dolomiteshall not be used. No more than one percent (1%)nigs,

or materials passing the No. 100 sieve shall be@Ned;

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