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 CHAPTER 100 
 WASTEWATER TREATMENT PONDS (LAGOONS) 
 
100. GENERAL 
 

This Chapter deals with generally used variations of treatment ponds to achieve 
secondary treatment including controlled-discharge, flow-through and aerated pond 
systems. 

 
101. SUPPLEMENT TO ENGINEER'S REPORT 
 
      The engineer's report shall contain pertinent information on location, geology, soil 

conditions, area for expansion and any other factors that will affect the feasibility and 
acceptability of the proposed project.  The following information must be submitted in 
addition to that required in Chapter 10. 

 
101.1 Supplementary Field Survey Data 

 
101.1.1 Location of Nearby Facilities 

 
      The location and direction of all residential areas, commercial developments, parks, and 

recreational areas shall be included in the engineer's report. 
 

101.1.2 Site Description 
 
      A description, including maps showing elevations and contours of the site and adjacent 

area shall be provided.  Due consideration shall be given to additional treatment units 
and/or increased waste loadings in determining land requirements.   

 
101.1.3 Location of Field Tile 

 
      The location, depth, and discharge point of any field tile in the immediate area of the 

proposed site shall be identified. 
 

101.1.4 Soil/Groundwater Study 
 
      Considering the leakage requirement set forth in Section 104.2.2.1, a soil/groundwater 

evaluation must be included for newly constructed facilities and additions to such 
facilities already in place.  This does not apply to basins formed with fiberglass, concrete, 
etc., nor to existing earthen facilities not being enlarged or deepened. 

 
101.1.4.1 Liner Proposed 

 
Where a liner such as bentonite or synthetic material is proposed to meet the leakage 
limit, the soil/groundwater study may be limited to the following: 
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a. A general review of the local geology, hydrology, and current and potential 
groundwater resources, including information from published literature (soil maps 
and cross sections, etc.), applicable files and databases at the USGS and MDEQ. 

 
b. A brief description of the proposed liner (material type, thickness, hydraulic 

conductivity, etc.). 
 
c. A statement that with the proposed liner the leakage limit will not be exceeded. 

 
101.1.4.2 Liner Determined Unnecessary 

 
Where a liner is determined in the report to be unnecessary to meet the leakage limit due 
to the characteristics of in-situ material, the soil/groundwater study must include the 
following: 

 
___ a. The information listed in Section 101.1.4.1.a. 
 
___ b. A USGS topographic map (1:24,000 scale) with the project site and a one mile 
 radius area of review denoted.  The location and depth of all recorded water wells 

within the area of review must be shown.  An effort must be made to determine if 
residences within the area of review have private wells that may not be listed on 
Office of Land and Water Resources (OLWR) or USGS inventories 

 
___ c. Soil borings of sufficient depth and number to characterize the soil/groundwater  
 conditions below the planned excavation and to demonstrate that an in-situ 

competent liner is present.  These borings must be continuous and extend to a 
depth of 25 feet below the bottom of the impoundment.  Permeability tests (either 
lab or field) must be conducted on undisturbed samples taken from the interval 
that will serve as the natural liner.  ASTM procedures or acceptable similar 
methods should be followed for all tests.  The table below specifies the minimum 
number of borings and permeability tests based on impoundment size. 

 
Impoundment Acreage Minimum # Borings Minimum # Perm. Tests

 
 <10     5       3 
 >10 to 20    7       4 
 >20 to 30   10       5 
 >30    15       7 

 
If a shallow aquifer is encountered, groundwater levels from at least 3 temporary 
piezometers must be monitored to determine flow direction and rate. 

 
Boring logs and cross-sections showing thickness, lateral continuity, and lithology should 
be submitted as part of the study. 
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___ d. Well drillers' logs (available from OLWR) and geophysical logs (available from  
 the USGS and the Office of Geology) for the water wells within the one-mile 

radius area of review.  Information to be included with the logs are identification 
number, location, date drilled, depth, use, pumping rate, casing size and screen 
length. 

 
___ e. A statement that given the documented conditions the leakage limit will not be  
  exceeded. 
 
102. LOCATION 
 

102.1 Surface Runoff 
 
      Location of ponds in watersheds receiving significant amounts of stormwater runoff is 

discouraged.  Adequate provision must be made to divert stormwater runoff around the 
ponds and protect pond embankments from erosion. 

 
102.2 Hydrology 

 
      Construction of ponds in close proximity to water supplies and other facilities subject to 

contamination should be avoided.  A minimum separation of 4 feet (1.2 m) between the 
bottom of the pond and the maximum groundwater elevation should be maintained. 

 
102.3 Geology 

 
      A minimum separation of 10 feet (3.0 m) between the pond bottom and any bedrock 

formation is recommended. 
 
103. BASIS OF DESIGN 
 
      The maximum size of a lagoon cell should be 40 acres. 
 
      When there are multiple cells, the piping should allow individual cells to be isolated. 
 

103.1 Facultative Lagoon 
 
      The system shall be designed with at least two cells in series.  The first cell shall be 

loaded no heavier than 40 lb BOD5/ac/d.  The overall loading shall be no heavier than 30 
lb BOD5/ac/d.  Loadings shall be determined using the surface area at the 4 foot operating 
depth. 

 
      The minimum detention time shall be 30 days overall at the 4 foot operating depth. 
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103.2 Aerated Lagoon 
 

103.2.1 Partially Mixed Aerated Lagoon 
 
      The minimum detention time of the aerated cell shall be 18 days. 
 
      There shall be a settling area with a minimum detention time of 1 day.  A separate 

settling cell is preferred.  The settling area may be a quiescent portion of the aerated cell, 
in which case the total detention time must be at least 19 days. 

 
      For mechanical aerators, a minimum aeration capacity of 8 hp per MG of aeration pond 

volume (at the 4 foot depth) should be provided.  This capacity is intended to provide 
oxygen for BOD conversion and a reasonable amount of energy for mixing.  Wastewater 
that is stronger than domestic wastewater may require more aeration capacity. 

 
      If less aeration capacity is provided, the aerators shall be able to continuously maintain a 

minimum DO level of 2 mg/1 in the top two feet of water and in the effluent. 
 
103.2.2 Completely Mixed Aerated Lagoon 

 
      The aerators shall be able to completely mix the lagoon contents and to continuously 

maintain a minimum DO level of 2 mg/1 in all parts of the lagoon and in the effluent. 
 
      A settling area must be provided.  Either a separate settling cell with a 1 day detention 

time or a clarifier designed according to Chapter 60 may be used. 
 
      If the settling area will be a portion of the aerated cell, it must be separated with a baffle. 
 

103.3 Hydrograph Controlled Release Lagoon 
 
      The treatment portion of a hydrograph controlled release (HCR) lagoon system may be 

(a) a lagoon designed according to Section 103.1 or 103.2, (b) a single-cell facultative 
lagoon loaded no heavier than 30 lb BOD5/ac/d, or (c) other methods for producing 
secondary effluent.  The required storage time shall be determined by using procedures 
approved by the Water Quality Monitoring Branch of the OPC; the minimum storage 
time shall be 90 days.  Detention time in the treatment portion of the system shall not be 
counted toward the detention in the storage portion.  Single-cell HCR systems are not 
allowed. 

 
103.4 Anaerobic Lagoon 

 
      Anaerobic lagoons may be used as pretreatment for high strength wastewaters with 

enough oil/grease to form a scum cover.  Anaerobic lagoons shall not be used for typical 
domestic wastewater unless there is some positive method of providing a cover or seal. 
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      The lagoon shall be designed so that a complete scum cover can be maintained.  The 
surface area should be relatively small to prevent breakup of the cover by wind.  
Anaerobic lagoons shall not be used where the influent flow fluctuates widely. 

 
      Loading should be 175 to 2000 lb BOD5/ac/d. 
 
      The minimum detention time should be 20 days. 

 
103.5 Pretreatment Lagoon 

 
      Odor control methods should be included if the loading will exceed 50 lb BOD5/ac/d. 
 

103.6 Pond Shape 
 
      The shape of all cells should be such that there are no narrow or elongated portions.  

Round, square, or rectangular ponds with a length not exceeding three times the width are 
considered most desirable.  No islands, peninsulas or coves shall be permitted.  Dikes 
should be rounded at corners to minimize accumulations of floating materials.  
Common-wall dike construction, wherever possible, is strongly encouraged. 

 
104. POND CONSTRUCTION DETAILS 
 

104.1 Embankments and Dikes 
 

104.1.1 Material 
 
      Dikes shall be constructed of structurally stable relatively impervious material and 

compacted to at least 90% Standard Proctor Density to form a stable structure.  
Vegetation and other unsuitable materials shall be removed from the area where the 
embankment is to be placed. 

 
104.1.2 Top Width 

 
      The minimum dike width shall be 8 ft (2.4 m) to allow access by maintenance vehicles. 
 

104.1.3 Maximum Slopes 
 
      Earthen inner and outer dike slopes shall not be steeper than 3 horizontal to 1 vertical 

(3:1).  Paved or other protected slopes not requiring mowing, etc. should not be steeper 
than 2:1. 

 
104.1.4 Minimum Slopes 

 
      Inner slopes should not be flatter than 4 horizontal to 1 vertical (4:1).  Flatter slopes can 

be specified for larger installations because of wave action but have the disadvantage of 
added shallow areas being conducive to emergent vegetation.  Outer slopes shall be 
sufficient to prevent surface runoff from entering the ponds. 
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104.1.5 Freeboard 
 
      Minimum freeboard shall be 3 feet (1.0 m).  For very small systems, 2 feet (0.6 m) may 

be acceptable. 
 
104.1.6 Design Depth 

 
      The minimum operating depth of lagoons shall be not less than 4 feet; exceptions may be 

made for aerobic lagoons. 
 
      It should not be possible to drain the lagoon lower than the 2 foot level.  If shallower 

drainage is provided for, the drain shall be relatively inaccessible to prevent draining the 
pond by accident or vandalism. 

 
104.1.6.1 Facultative Lagoon 

 
      The maximum operating depth shall be no more than 6 feet in primary cells.  Greater 

depths in subsequent cells are permissible although supplemental aeration or mixing may 
be necessary. 

 
104.1.6.2 Aerated Lagoon 

 
      The design water depth of the aerated cell should be 10 to 15 feet.  Shallower depths may 

be used if the pond bottom is protected against scouring by the aerators. 
 
      The maximum operating depth of a separate settling cell shall be no more than 6 feet. 
 

104.1.6.3 Hydrograph Controlled Release Lagoon 
 
      The maximum operating depth of a treatment/storage HCR cell should be no more than 

15 feet. 
 
      The maximum operating depth of an HCR storage cell should be no more than 20 feet. 
 

104.1.6.4 Anaerobic Lagoon 
 
      The design water depth should be 8 to 20 feet. 
 

104.1.6.5 Pretreatment Lagoon 
 
      The design water depth should be 6 to 20 feet. 
 

104.1.7 Erosion Control 
 
      Excessive erosion of the dikes must be prevented. 
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104.1.7.1 Seeding 
 
      The dikes shall have a cover layer of at least 4 inches (10 cm), of fertile topsoil to 

promote establishment of an adequate vegetative cover wherever other erosion control is 
not utilized.  Prior to prefilling (in accordance with 104.2.4), adequate vegetation shall be 
established on dikes from the outside toe to 2 feet (0.6 m) above the pond bottom on the 
interior as measured on the slope.  Perennial-type, low-growing, spreading grasses that 
minimize erosion and can be mowed are most satisfactory.  In general, alfalfa and other 
long-rooted crops should not be used since the roots of this type are apt to impair the 
water holding efficiency of the dikes. 

 
104.1.7.2 Additional Erosion Protection 

 
      An acceptable method of erosion control is required as a minimum around all piping 

entrances and exists.  For aerated cells the design should ensure erosion protection on the 
slopes and bottoms in the areas where turbulence will occur.  Additional erosion control 
may also be necessary on the exterior dike slope to protect the embankment from erosion 
due to severe flooding of a watercourse.  Filter material should be used underneath any 
riprap. 

 
104.1.7.3 Alternate Erosion Protection 

 
      Alternate erosion control on the interior dike slopes may be necessary for ponds that are 

subject to severe wave action.  In these cases erosion protection shall be placed from one 
foot (0.3 m) above the high water mark to two feet (0.6 m) below the low water mark 
(measured on the vertical). 

 
      If synthetic liners are used, some method shall be provided to allow people or animals 

that have fallen into the lagoon to climb out without having to swim too far. 
 

104.2 Pond Bottom 
 

104.2.1 Soil 
 
      Soil used in constructing the pond bottom (not including seal) and dike cores shall be 

relatively incompressible and tight and compacted at or up to 4% above the optimum 
water content to at least 90% Standard Proctor Density. 

 
104.2.2 Seal 

 
      A seal or liner may be required in accordance with Section 101.1.4. 
 

104.2.2.1 Leakage Limit 
 
      The water loss from each lagoon cell shall not exceed 500 gpd/ac at a head equal to the 

maximum operating depth of the cell. 
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104.2.2.2 Testing Requirements 
 
      The P/S shall include a requirement that the leakage limit be met and shall include a 

specific testing method. 
 
      If testing will be done by soil borings or other localized testing methods, at least one test 

per cell shall be done; more should be done as needed.  If any individual test fails to meet 
the leakage limit, the area of the cell represented by that test shall be reworked and 
retested.  Field tests should be corrected for evaporation and precipitation, as appropriate. 

 
104.2.2.3 Applicability 

 
      The leakage requirement shall apply to all newly constructed or modified cells that will 

receive wastewater, regardless of the degree of treatment. 
 
      The leakage requirement will not normally apply to existing cells when the cell will 

receive minor modifications which will not enlarge or deepen the cell and where the soil 
is known to be relatively impermeable. 

 
104.2.3 Uniformity 

 
      The pond bottom shall be as level as possible at all points.  Finished elevations shall not 

be more than 3 inches (7.5 cm) from the average elevation of the bottom. 
 
104.2.4 Prefilling 

 
      Prefilling the pond should be considered in order to protect the liner, to prevent weed 

growth, to reduce odor, and to maintain moisture content of the seal.  The dikes must be 
completely prepared as described in Sections 104.1.7.1-2 before introduction of water. 

 
104.3 Influent Lines 

 
104.3.1 Material 

 
      Generally accepted material for underground sewer construction shall be used for the 

influent line to the pond. 
 
104.3.2 Manhole 

 
      A manhole or vented cleanout wye shall be installed prior to entrance of the influent line 

into the primary cell and shall be located as close to the dike as topography permits.  Its 
invert shall be at least 6 inches (15 cm) above the maximum operating level of the pond 
and provide sufficient hydraulic head without surcharging the manhole. 
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104.3.3 Flow Distribution 
 
      Flow distribution structures shall be designed to effectively split hydraulic and organic 

loads proportionally to parallel primary cells. 
 
104.3.4 Placement 

 
      Influent lines should be located along the bottom of the pond and shall have adequate seal 

below them. 
 

104.3.5 Point of Discharge 
 
      All primary cells shall have individual influent lines that terminate at approximately the 

center of the cell so as to minimize short-circuiting.  Consideration should be given to 
multi-influent discharge points for primary cells of 20 acres (8 ha) or larger to enhance 
the distribution of wasteload in the cell. 

 
      All aerated cells shall have influent lines that distribute the load within the mixing zone 

of the aeration equipment.  Consideration of multiple inlets should be closely evaluated 
for any diffused aeration system. 

 
104.3.6 Influent Discharge Apron 

 
      The influent line may discharge horizontally, directed away from nearby dikes, or 

vertically.  The discharge may be into a shallow, saucer-shaped, depression. 
 
      The discharge flow shall remain below the water surface.  The end of the discharge line 

shall rest on a suitable concrete apron large enough to prevent the terminal influent 
velocity at the end of the apron from causing soil erosion. 

 
104.4 Control Structures and Interconnecting Piping 

 
104.4.1 Structure 

 
      Where possible, facilities design shall consider the use of multi-purpose control structures 

to facilitate normal operational functions such as drawdown and flow distribution, flow 
and depth measurement, sampling, pumps for recirculation, chemical additions and 
mixing, and minimization of the number of construction sites within the dikes. 

 
      As a minimum, control structures shall be (a) accessible for maintenance and adjustment 

of controls; (b) adequately ventilated for safety and to minimize corrosion; (c) locked to 
discourage vandalism; (d) contain controls to permit water level and flow rate control, 
complete shutoff, and complete draining; (e) constructed of non-corrodible materials 
(metal-on-metal contact in controls should be of similar alloys to discourage 
electro-chemical reactions); and (f) located to minimize short-circuiting within the cell 
and avoid freezing and ice damage. 
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      Recommended devices to regulate water level are valves, slide tubes or dual slide gates.  
Regulators should be designed so that they can be preset to stop flows at any elevation. 

 
104.4.2 Piping 

 
      All piping shall be of cast iron or other acceptable material.  The piping shall not be 

located within or below the seal.  Pipes should be anchored with adequate erosion 
control. 

 
104.4.2.1 Drawdown Structure Piping 

 
a. Submerged Takeoffs 

 
      For ponds designed for shallow or variable depth operations, submerged takeoffs are  

recommended.  Intakes shall be located a minimum of 10 feet (3.0 m) from the toe of the 
dike and 2 feet (0.6 m) from the top of the seal, and shall employ vertical withdrawal. 

 
b. Multi-Level Takeoffs 

 
      For ponds that are designed deep enough to permit stratification of pond content, multiple 

takeoffs are recommended.  There shall be a minimum of three withdrawal pipes at 
different elevations.  The bottom pipe shall conform to submerged takeoffs.  The other 
should utilize horizontal entrance.  Adequate structural support shall be provided. 

 
c. Surface Takeoffs 

 
      Under constant discharge conditions and/or for relatively shallow ponds under warm 

weather conditions, surface overflow type withdrawal is recommended.  A baffle shall 
extend at least one foot below the water surface to prevent discharge of floating material.  
The baffle shall be located to allow accurate flow measurement and to prevent excessive 
currents. 

 
d. Emergency Overflow 
 

      To prevent overtopping of dikes, emergency overflow should be provided. 
 

104.4.2.2 Hydraulic Capacity 
 
      The hydraulic capacity for continuous discharge structures and piping shall allow for a 

minimum of 250% of the design flow of the system. 
 
105. MISCELLANEOUS 
 

105.1 Fencing 
 
      The pond area shall be enclosed with an adequate fence to prevent entering of livestock 

and discourage trespassing.  Fencing should not obstruct vehicle traffic on top of the dike.  
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A vehicle access gate of sufficient width to accommodate mowing equipment shall be 
provided.  All access gates shall be provided with locks. 
 
105.2 Access 

 
      An all-weather access road shall be provided to the site to allow year-round maintenance. 
 

105.3 Warning Signs 
 
      Appropriate permanent signs shall be provided along the fence around the pond to 

designate the nature of the facility and warn against trespassing.  At least one sign shall 
be provided on each side of the site and one for every 500 feet (150 m) of its perimeter. 

 
105.4 Flow Measurement 

 
      Flow measurement requirements are presented in Section 46.6.  Effective weather 

protection shall be provided for the recording equipment. 
 

105.5 Groundwater Monitoring 
 
      An approved system of wells or lysimeters may be required around the perimeter of the 

pond site to facilitate groundwater monitoring.  The need for such monitoring will be 
determined on a case-by-case basis. 
 
105.6 Laboratory Equipment 

 
      For laboratory equipment refer to Chapter 40. 
 

105.7 Pond Level Gauges 
 
      Pond level gauges shall be provided. 

  


