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Executive Summary 
 

In 1988 the State of Minnesota required that new mixed municipal solid waste (MSW) landfills be constructed 
with a bottom liner to reduce leachate migration from landfills to the ground water. In October 1993 the United 
States Environmental Protection Agency required compliance with Subtitle D, which includes on a national 
basis that new MSW landfills have a bottom liner. In addition to MSW landfills other types of landfills 
(industrial or demolition) may also need a liner, with leachate collection and treatment. 

Leachate is produced at landfills when precipitation migrates downward through the waste mobilizing organic 
and inorganic elements and compounds. Leachate collected on a liner requires adequate treatment. Currently 
the two primary options for the treatment of leachate are treatment at municipal waste water treatment facilities 
or pre-treatment followed by spray application at land treatment sites. 

Many municipal treatment plants cannot accept landfill leachate due to treatment or discharge constraints. In 
addition to waste water treatment facility constraints, trucking large volumes of leachate may not be practical. 
The following is intended to provide guidance on adequate land treatment of landfill leachate systems. 

Introduction 

Land treatment of leachate is intended to provide a viable alternative to leachate treatment at a municipal waste 
water treatment facility (MWWTF). Economic and environmental factors should be considered when choosing 
a treatment option. If a MWWTF has the capability of treating the relatively high strength leachate (in terms of 
biological oxygen demand), and the discharge point of the plant is not restricted in terms of selected 
constituents such as mercury, then a MWWTF maybe the best treatment alternative. If a MWWTF is not 
capable of accepting potentially high strength leachate it may make economic sense for an agreement to be 
reached where the MWWTF would be upgraded, or the leachate be pre-treated either mechanically or with an 
pond system and then be further processed at a MWWTF. 

Land treatment of leachate may be considered in terms of pre-treating and storing leachate over the non- 
irrigation season, biologically treating constituents of concern (COC) in the pond system, further air stripping 
volatile organic compounds (VOCs) by spraying, and degrading and immobilizing COC remaining after pre-
treatment and spraying within the soils above the water table (Figure 1). 

Adequate monitoring of the performance of the treatment system must be undertaken to ensure that 
unacceptable degradation of the soils, surface water and ground water is not occurring. Performance standards 
must be met at the compliance boundary surrounding the pre-treatment and storage system and the spray 
application site. If performance standards are not met then a reduction or elimination of spray irrigation of the 
treated effluent at the site may be necessary, and corrective actions may be required. It should be noted that 
due to the high salt content of coal ash and solid waste incinerator ash, land application of ash leachate may not 
be possible. 
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I.  Leachate Production 

Leachate generation (both concentration and quantity) at landfills is dependent upon waste types, climate (the 
amount and type of precipitation, i.e. rain or snow), evapotranspiration, run-on/runoff, the extent of both the 
whole site and the working face, daily and intermediate cover, and the integrity of the final cover and the 
bottom liner. 

 

 
 
In 1984 the United States Environmental Protection Agency developed the Hydrologic Evaluation of Landfill 
Performance (HELP) computer model, which uses a quasi-two dimensional approach to help estimate 
quantities of surface runoff, subsurface drainage, and leachate estimated to be generated from a variety of 
landfill designs. 

The HELP computer model (updated in 1994) may be used to evaluate cover efficiency. Minnesota Rule 7035 
requires that MSW landfills have a cover with a 90 percent efficiency based on the HELP model. That is the 
model assumes 90 percent of precipitation will be intercepted and diverted from the waste fill or 
evaporate/transpirate, and 10 percent of the precipitation will move through the cover and generate leachate. 
Leachate generation at open landfills is greater than for closed landfills. It should be emphasized that the 
HELP model must be used in conjunction with actual leachate volumes from open facilities (utilize the best 
data available) because the HELP model must be based on realistic assumptions. 

One inch of rain over an acre amounts to 27,000 gallons of water. If the final cover is 90 percent efficient then, 
assuming no storage of the precipitation in the cover or fill, 10 percent of the 27,000 gallons of water (2,700 
gallons) could manifest itself as leachate. Therefore based on 2.5 inches of rain per month and using a 10 
percent cover efficiency up to 6,750 gallons of leachate per acre per month would be generated. 
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Based on HELP modeling results leachate production in Minnesota open landfills is currently averaging 
approximately 20,000 gallons/open acre/month. For example, a 25-acre landfill, using average generation 
rates, would produce 500,000 gallons of leachate per month or 6,000,000 gallons per year. Seasonally affected 
leachate generation rates between landfills vary considerably depending on hydrologic controls, water holding 
capacity of the waste, and yearly precipitation.  

II. Leachate Pre-Treatment and Storage 

A pond system or mechanical pre-treatment may be proposed for a land treatment of leachate system. The pre-
treatment and storage component of the system must be designed to pre-treat the leachate as well as provide 
off spray season storage. Too much pre-treatment may be prohibitively expensive. However, too little pre-
treatment may cause the land treatment component of the system to not meet performance standards at the 
compliance boundary of the site. 

A pond system or an above or below ground tank may be proposed for storage of the pre-treated leachate if it 
is adequately designed. If a tank is chosen then aerating the leachate and flaring combustible gasses could be 
considered. If a below ground tank is utilized then it must be double-walled and incorporate a leak detection 
system. Single walled above ground tanks with a containment berm may also be considered. Sampling of the 
effluent must be accommodated in the tank design. As toxic and/or explosive levels of gasses may be 
encountered in a holding tank (or even possibly a pond) the design and operation of the tank (or pond) should 
reflect this. 

If a pond system is utilized then an individual pond must incorporate a liner and a drainage layer with leak 
detection and have 3 feet of freeboard based on a “worst case scenario” (Figure 2). Ponds should also be 
designed with an additional foot of storage capacity in the bottom for sludge. A four-foot separation distance 
between the bottom of the pond liner system and the seasonal high water table must be maintained 

Direct precipitation (rainfall) into and evaporation from a pond must be accounted for in volume calculations 
for the pond design. A properly operated pond system consisting of a primary and a secondary pond may 
provide significant biological reduction of VOCs. The pond design must be evaluated using the HELP model 
and be approved by the MPCA. Careful consideration should be given to the exposed surface geomembrane as 
shown in Figure 2. While exposed geomembranes may facilitate making liner repairs, damage from ultraviolet 
radiation may cause premature liner failure.  

Providing aeration in ponds reduces VOCs and odors, and may cause inorganic COC to precipitate out and so 
reduce metals loading at the spray site. Mixing also reduces the depth of freezing in the winter. The type of 
aeration and/or mixing employed (diffused bottom aeration vs. surface aeration) may control formation of a 
sludge blanket. The sludge blanket should be removed annually to allow for cleaning and inspection of the 
pond. If present sludge must be tested for the toxicity characteristic leaching procedure (TCLP) test and then 
be disposed of either as MSW or hazardous waste depending on the test results. Potential sludge build-up must 
be considered when designing a pond or tank. 

If pond(s) are utilized a control structure/wet well must be placed ahead of the pond system where the flow can 
be restricted. The control structure is necessary to restrict leachate flow for maintenance or in case of pond 
failure. A method to sample the leachate ahead of the pond system must be incorporated in the design. The 
design must include screens ahead of the spray rig and locating pond(s) as far away from the working face of 
the landfill as possible must be undertaken to reduce the possibility of blowing litter fouling pumps and spray 
nozzles. Leachate treatment ponds should be surrounded by a fence that is at least eight feet high to keep out 
debris, wildlife, and trespassers. Deer can damage pond liners and an eight foot high fence may still not keep 
them out. 
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III. Spray Irrigation Equipment 

Either a flow meter or a calibrated pump hour meter must be utilized to record effluent flow volume going to 
the spray site. If a calibrated pump is used then the pump must be calibrated prior to and immediately 
following the spray season (two times per year). A fixed set, center pivot, traveling gun spray irrigation system 
(or even drip irrigation) may be proposed for a land treatment of landfill leachate system. All storage tanks, 
ponds, pumps, piping and irrigation equipment must be considered in terms of handling the physical and 
chemical characteristics of the leachate. Pipes used for untreated leachate must be dual-walled and provide a 
method for leak detection. 

As specified in the management plan the peak spray application rate must be below the soil infiltration rate. If 
a center pivot irrigation system is proposed it should be noted that the highest application rate is the furthest 
from the center, due to the furthest section rotating the fastest (see peak application rate equation in Appendix 
A). Runoff is then most likely to occur on the periphery of the irrigation site. To avoid possible runoff at the 
edge of a spray site the spray nozzle configuration should be suitably matched to the irrigation set and soils at 
the spray site. If runoff at the periphery of a spray site occurs the flow rate must be reduced. Medium to high 
operating pressures and high angle nozzles are recommended, as is using the Soil Conservation Services 
distribution of uniformity test. 

A fixed set irrigation system is most likely best suited for spray sites under five acres, or irregularly shaped 
spray sites. Fixed set sprinkler systems tend to interfere with cutting and removing vegetation. A traveling gun 
system may be the least preferable way of spray management as traveling guns may be fairly labor intensive, 
and uniform application may be difficult to achieve, especially on larger sites. An equipment maintenance 
schedule must be specified in the plans and specifications, and be documented in the annual report. 

IV. Site Suitability Criteria 

The size of the spray site must be based on hydraulic and nitrogen loading, and a predicted site life expectancy 
based on cumulative metals loading. The number of acres proposed for spray irrigation must incorporate a 
“safety factor” that allows for abnormally wet years and variable flow and concentrations of inorganic COC 
(E.G. metals) and nitrogen. 

A composited soil sample must be taken and analyzed for the parameters specified in Section V for each forty 
(40) acres of the proposed land application site. A description of how available water holding capacity (AWC) 
is calculated is provided in Appendix A, and a description of how the soils should be sampled is provided in 
Appendix B. 

At least six inches of AWC above the seasonally high water table within the rooting zone (top 5 feet) and at 
least five feet of unsaturated soil will be required at land application sites.  
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If it can be demonstrated that enough soils and ground water information is available, the MPCA may allow a 
three foot separation between the seasonally high water table and the ground surface. Drain tile may be utilized 
at spray sites to lower the water table if the other soils criteria are then met. If a site is drain tiled then the 
drainage water must be monitored and if it day-lights it will most likely need to meet surface water discharge 
standards. The final disposition of any drain tile discharge water must be addressed in the management plan.  

United States Department of Agriculture soil textural classification at the zone of effluent application must be 
one of the following: loamy sand, sandy loam, loam, silty loam, sandy clay loam, sandy clay, clay loam, silty 
clay loam. Effluent must not be applied on soils that have permeabilities of greater than six inches per hour 
throughout the top five feet. The minimum saturated hydraulic conductivity in the upper five feet of soil for 
spray irrigation sites is 0.004 inches/hour, corresponding to a silty clay loam. The matching spray irrigation 
rate for this type of soil would be correspondingly low. 

When investigating a prospective site with tight soils double ring infiltrometers should be employed to ensure 
that the site will not be hydraulically overloaded (cause ponding or runoff). Effluent must not be applied on 
areas ponded with water, and effluent must not be applied in areas where bedrock containing solution cavities, 
fractures or fissures exists within six feet of the soil surface. 
V. Land Application Site Permit 

Prior to undertaking any work on a potential site preliminary approval from the MPCA and local units of 
government should be obtained.  Preliminary approval from the county, city or township is necessary to avoid 
wasted expenditures if a proposed site is not seen as viable from local units of government.  An Environmental 
Assessment Worksheet may be required depending on the specifics of the proposal.   
 
A site investigation workplan must be submitted to and be approved by the MPCA prior to undertaking soils and 
geotechnical work at the proposed site.  A site investigation report must be submitted to and be approved by the 
MPCA prior to utilizing the proposed system. 
 
The leachate land treatment system will be permitted as part of the landfill permit. Before a site would be 
considered for land treatment the following information must be submitted to the MPCA for review and 
approval: 
1. A description of the land treatment system including specifics of the proposed pre-treatment and storage 

design, irrigation system, intended cover crop, etc. 
2. The total number of acres proposed for a buffer zone and for land application. A buffer zone between the 

spray site and the property boundary must be incorporated into the spray site design. 

3. A local government description of the proposed site including the name of the township or city and 
county, and township, range and two quarter sections of the site, and land owner and land occupier. 

4. A description of past land use including the application of pesticides and fertilizer, sewage sludge, past 
crop use, etc. 

5. A description of area land use including identification of all occupied buildings within a mile of the 
proposed site. Separation distances from the edge of the spray site will at minimum be 600 feet from a 
private well and 1,000 feet from a public water supply well. Other set-back distances similar to those 
required for solid waste landfills must be observed. 

6. Potential wind drift (aerosol) receptors. 

7. Flood plains, surface waters, wetlands and other area land uses within one mile of the proposed site which 
may be affected by land application of the effluent. 

8. A United States Geologic Survey (USGS) topographic map of the proposed site with the buffer zone and 
the land application area boundaries drawn on the map. 

9. A soil survey map of the proposed site with the site boundaries drawn on the map. This map must be based on a 
recent survey of the site.  The site must be mapped and characterized by an individual with expertise in soil 
classification as defined by education and experience if (1) no soil survey exists, (2) if the available survey was 
done prior to 1970, or (3) greater than 10% of the natural soils/landscape has been altered. 
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10. A description of the soils identified on the map including: 

a. United States Department of Agriculture textural classification 

b. percentage of organic matter using loss of ignition methodology (pretreated with acid to 
remove carbonates) 

c. depth to the seasonally high water table 

d. available water holding capacity (AWC) above the water table in the rooting zone  
(top 5 feet) 

e. extractable phosphorous in pounds per acre 

f. exchangeable potassium in pounds per acre 

g. soil pH 

h. cation exchange capacity (CEC) expressed in millequivalents per 100 grams, measured by soil 
analysis. 

i. specific conductance/soluble salts measured on saturation extract of the soil (millimhos per 
centimeter).  

11. Site slopes (maximum of 9 percent). Site slopes will dictate maximum hydraulic application rates (see 
Table 1). 

12. Predicted land application site life expectancy based on fill acreage (to calculate leachate volume), spray 
site acreage, and the average metal concentrations preferably using actual leachate data, or the leachate 
data provided in Appendix C.  

13. If applicable a description on how marginal soils within the spray site will be amended or excluded from 
spray irrigation to provide for adequate treatment. Adding soil or fully decomposed yard waste compost is 
not acceptable for large areas of the spray site as the soil structure may take several years to develop and 
may cause ponding, runoff and inadequate treatment. For smaller sub-areas within a spray site (less than 
10 percent of the total area) additional soil or compost may be proposed to fill in marginal areas. Another 
approach for addressing marginal soils within a spray site could involve programming the irrigation set to 
exclude marginal areas. Possibly both approaches could be used until the soil develops a suitable structure. 
Wetlands must not be filled in without approval by the United States Army Corps of Engineers and/or the 
local Soil Conservation Service representative. 

14. The proposed land treatment spray site is subject to similar MPCA investigative requirements as for a 
hydrogeologic investigation for a landfill. Some of this information may be available from the siting 
information required for the landfill. An adequate description of the vertical and horizontal extent of the 
soils and geology must be undertaken at the proposed spray site.  
The hydrogeologic summary must adequately characterize the vertical and horizontal extent of aquifers 
and aquitards/aquicludes, and would include local, intermediate and regional ground water flow, potential 
receptors, and calculated ground water flow velocities. Also seasonally high and perched water tables must 
be determined from static water levels, and profile descriptions that note where gray mottles, gray matrix 
colors, or redoximorphic depletions begin. 

15.  A formal compliance boundary around spray irrigation sites as described in MR. 7035.2815 Subp. 4. must  
      be submitted to and be approved by the MPCA.  
 
16.  The proposed monitoring network. 

17.   A signed agreement with a wastewater treatment plant needs to be submitted to the MPCA for review and 
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approval that allows for some or all of the leachate to be sent to the wastewater treatment plant in case of 
equipment failure, or confirmed, un-reconcilable performance standards in spray field monitoring wells 
are exceeded. 

17.  The methods of controlling access to the pond(s) or tank and spray sites by use of signs and/or fencing.  
Fencing should be considered to discourage access to trespassers or wildlife. 

VI.  Site Management 
A land treatment system must have a detailed management plan approved prior to the site being used, and it 
will be incorporated into the permit. Any changes to the management of a site after permit issuance must be 
approved by the MPCA, and be incorporated into a revised management plan. As adequate treatment is 
required, the operator must have and retain a class D wastewater treatment certificate and a Type 5 land 
application of liquid waste certificate. As part of management of the site adherence to a detailed site safety 
plan is encouraged. 

The management plan must specify operational criteria including the proposed hydraulic loading, harvesting 
and disposition of the cover crop, use of soil moisture monitoring devices, and equipment maintenance 
schedules. The following should be used in developing a management plan, and in ensuring optimal site 
operation and performance. 

1. Hydraulic Loading:  The management plan must include specifics on irrigation scheduling 
including: 

A.  The annual hydraulic loading rate (i.e. inches per acre per year) 

B.  The irrigation event hydraulic loading rate (i.e. inches per acre per irrigation event) 

C.  The hydraulic intensity rate during irrigation (i.e. inches per hour per irrigation event) 
The plan must ensure that hydraulic overloading (exceeding field capacity) of a spray site does not occur. 
Average rates of hydraulic loading of between 0.5” to 1” per irrigation event may be anticipated. Hydraulic 
loading must be based on the physical and chemical characteristics of the effluent, consumptive use rates (e.g. 
evaporation and transpiration) and site specific factors. Site specific factors include soil type(s), depth to the 
seasonally high water table, slope, soil erodibility, loading rates, water intake rates, climate factors, underlying 
geology, and hydrology.  
There must be a verified soil moisture deficit before each spray event. As taught at the MPCA Type V spray 
irrigation operator’s course soil moisture deficit can be determined either by feel and appearance, or with 
tensiometers. The Checkbook Method of irrigation as proposed by the University of Minnesota Extension 
Service (revised in 2002) is encouraged. 

Site slopes also dictate the maximum hydraulic application rate. The slope should not exceed 9 percent. The 
following table relates application rates with soil texture and land slope. 
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Table 1:  Maximum hydraulic application rates for various  
                soil  textures and slopes 

   

  Slope/inches per hour  

 0 to 3 percent 3 percent to 9 percent 9 percent 

Sands 1 0.7 0.5 

Loamy sands 0.7 to 1 0.5 to 1 0.4 to 0.7 

Sandy loams and fine 
sandy loams 

0.5 to 1 0.4 to 0.7 0.3 to 0.5 

Loams and silt loams 0.3 to 0.7 0.2 to 0.5 0.15 to 0.3 

Sandy clay loams and 
silty clay loams 

0.2 to 0.4 0.15 to 0.25 0.1 to 0.15 

Clays, sandy clays, 
silty clays 

0.1 to 0.2 0.1 to 0.15 0.1 

 
Effluent from the pond(s) or tank must not be applied on frozen ground, or during or shortly after precipitation 
events. The permit will specify when spraying will be allowed based on climatic factors. For example spraying 
may begin April 15th if the site vegetation is growing/green. Spray irrigation may continue until October 30th 
or the first hard frost, whichever comes first. 

Effluent must also be evenly applied. The site’s management plan, which must be on-site at all times and be 
familiar to the operator, must specify how the effluent will be evenly applied. Antecedent soil moisture 
monitoring needs to be undertaken to ensure that soils are not saturated prior to spray application. 
2. Nitrogen Loading:  The average ammonia concentration in Minnesota landfill leachate is approximately 

50 mg/L. If a 25 acre landfill and a 30 acre land application site are considered (using average leachate 
generation rates) then approximately 83 pounds of nitrogen/acre/year would be applied at the 30 acre land 
application site per season. Nitrogen must be utilized (taken up) by a crop or it may manifest itself in 
ground water as elevated levels of nitrate-nitrogen or in surface water as un-ionized ammonia. The cover 
crop chosen at a landfill must be selected with nitrogen (TKN, NH4, N03) loading considered. Nitrogen 
loading is also a function of crop yield and nitrogen carry-over. If the cover crop is not cut and removed 
then subsequent spray irrigation events may need to be reduced to prevent overloading the site with 
nitrogen. Nitrogen loading may range from 50 pounds per acre to over 200 pounds per acre depending on 
crop type, crop yield, and removal of the crop. For tile line discharges to surface waters permit limits may 
be required for un-ionized ammonia (see Minn. R. 7050.0222 Subp. 2). 

3. Chloride Loading:  The average chloride concentration in Minnesota landfill leachate is approximately 
600 mg/L. The secondary drinking water standard for chloride is 250 mg/L. Ground water mixing may 
reduce chloride levels at the spray site. Chloride is relatively mobile so elevated levels of chloride in 
downgradient monitoring points may occur, and this should be considered when designing a land 
treatment system. 

4. Metals Loading:  Leachate samples must be taken and analyzed three times per year to determine metals 
concentrations in the pond or tank discharge point. A permanently installed flow meter or a semi-annually 
calibrated pump hour meter will provide the flow volume. The volume applied multiplied by the 
concentration and divided by the spray site acreage will determine the site’s annual metals loading. 
Cumulative loading is a summation of annual loadings. The site will have a life expectancy predicated on 
cumulative metals loading (see Appendix D). 
Cation exchange capacity (CEC) is an index of a soil’s ability to retain metals in the soil. Metals in soils 
may be grouped in terms of total metals, readily available metals (for plants or leaching) and labile metals 
which serve as a reservoir for the plant available or leachable form. For many inorganic COC the soil pH 
must be maintained above pH 5.5 to reduce the plant availability or leachability of inorganic COC. Lime 

Land Treatment of Landfi l l  Leachate 12 Minnesota Pol lut ion Control  Agency 

April 2011 



may be added to the site soils for pH control. 

In the U.S. Department of Agriculture’s report on land application of leachate in Mercer County, West 
Virginia, soil pH increased as land application of leachate progressed. This could imply that like sewage 
sludge total metals could increase and readily available metals (for plants and leaching) could decrease 
with application of the effluent. If the cumulative metal loading limits as provided in Appendix D are 
exceeded then spray application of the effluent at the site must cease. 

5. Perfluorochemicals (PFOS, PFOA, PFBA, PFBS: collectively PFCs):    
a. PFC sampling of landfill leachate must take place in the spring and fall of each year at the point of 

discharge to the spray site.  The leachate PFC sample must be obtained in such a manner as to ensure a 
uniform, mixed sample that is representative of what is being land applied.  A section on PFC leachate 
sampling must be included in the sampling and analysis plan and be approved by the MPCA prior to 
sampling the leachate.  The analytic results from leachate sampling must be included with the routine 
ground water monitoring results.   
 

b. If a PFC in the leachate exceeds an intervention limit (IL) as provided in Table 2 below the permittee must 
immediately re-sample the leachate, and notify the commissioner in writing within 30 days of the 
laboratory completing the analyses.  If a PFC IL exceedance is confirmed in the leachate then the spray 
field monitoring wells and spray site soils must then be sampled for PFCs at minimum of once per year 
until otherwise directed by the commissioner. 

 
 

Table 2 
Perfluorochemical Limits (ug/L) 

  
   PFC  HRL* or HBV**    IL 
   PFOS           0.3 *  0.075  

   PFOA           0.3 *  0.075  
   PFBA           7.0 **  1.75    
   PFBS          7.0 **  1.75    

 
*   HRL:    Minnesota Department of Health derived Health Risk Limit  
** HBV:   Minnesota Department of Health derived Health Based Value 

  IL:    An Intervention Limit is ¼ of the HRL or HBV 
 

c. If a PFC exceeds an IL in a down-gradient spray field monitoring well the landfill must follow the steps 
outlined in MR 7035.2815 Subp. 4. G. (exceedances of ILs).  If a PFC IL exceedance is confirmed, then the 
permittee must submit to the MPCA an evaluation of alternative leachate management options including 
but not limited to adding additional spray site acreage and/or a reduction of spray irrigation. 

 
d. No crops grown on landfill leachate spray irrigation sites may be may be used for direct human 

consumption.  If the cover crop is being utilized for animal bedding or animal feed stock then a cover crop 
tissue analysis for PFCs must be undertaken.  If plant uptake of PFCs is found to be occurring, then 
utilization of the cover crop shall be re-evaluated and may possibly be restricted. 

 
6.   Sodium Loading 

Sodium loading to spray sites must be properly managed to preclude a reduction in infiltration (surface 
crusting), dispersion and migration of clay particles into soil pores, swelling of expandable clays, and a 
reduced ability of a cover crop to take up water.   

Sodium is considered de-stabilizing, while calcium and magnesium are considered stabilizing with respect 
to soil structure or aggregation. The sodium adsorption ratio (SAR) is the ratio between sodium, and 
calcium plus magnesium in effluent.   

For medium to fine textured soils the sodium adsorption ratio (SAR) in the leachate must be no greater than 8.5.  
If this ratio is exceeded with sites having medium to fine textured soils and soil structure and/or infiltration rates 
appear to be negatively-affected, then calcium and magnesium (gypsum) must be added to the leachate to 
reduce the SAR.   A SAR greater than 8.5 may be less of a problem in coarser textured soils due to limited 
sodium adsorption in coarser textured soils.   The SAR of the leachate needs to be measured three times per 
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year in the leachate, and be reported in the annual spray irrigation report. 

The electrical conductivity (EC) of spray site soils needs to be measured at minimum once per month during the 
spray season.  Soils at leachate irrigation sites must have an EC below 4 mmhos/cm.  If this limit is exceeded, 
rain water or irrigation with fresh water must be used to leach salts out of the root zone to an EC level of less 
than 4 mmhos/cm prior to the next spray event.  The EC needs to be reported in the annual spray irrigation 
report.  The method to be used for measuring EC is found at the following URL: 

 
http://extension.missouri.edu/explorepdf/specialb/sb1001.pdf 
   

7.   Boron Loading 
Landfill leachate sites must attempt to limit annual boron loading to 4/lbs/acre/year (the maximum “agronomic 
rate” for boron).  If more than 4 lb/ac/yr of boron is land applied and the cover crop is healthy, the final “proof” 
the system is working is if monitoring wells at the periphery of the spray site are under ¼ of the HBV for boron.  
Annual boron loading rates must be calculated, and boron loading rates must be provided in the annual report. 
 

8. Cadmium Loading:   
Similarly to sewage sludge annual cadmium land application shall not exceed two pounds per acre on 
crops used for animal feedstock.  Cadmium annual loading rates must be calculated, and cadmium loading 
rates must be provided in the annual report. 

 

9. Spray Site Cover Crop:  Vegetation compatible with the effluent will be required at the land application 
site. Reed canary grass may be a good choice until it can be shown that other cover crops can tolerate the 
effluent. Depending on the leachate and pre-treatment prior to spray application pathogens may or may not 
be present in the applied effluent. Characterization of pathogens will be required similarly to municipal 
waste water effluent. 
Restrictions on food chain crops may be limited by their viability, uptake of nitrogen and metals such as 
cadmium, the presence of pathogens, or possibly from uptake of VOCs. The cover crop must be cut and 
removed at least once per year to remove nitrogen and metals and to stimulate new growth. The site 
management plan must specify the disposition of the harvested crop.  A plant tissue analysis may be 
appropriate depending on the final disposition of the cover crop.  

 
10. Demarcation of the Spray Site:  The site must be adequately marked with flags or stakes to mark the site 

for each application of the effluent.  
 
12. Wind drift and evaporative loss:  For VOC reduction maximizing air stripping may be a goal. Smaller 

water droplet size improves air stripping and evaporative losses, but the sprayed (aerosol) effluent may be 
carried further in the wind. Wind drift can cause adverse public perception and must be avoided. Smaller 
droplets are produced with higher spray pressure and using smaller nozzles. For sites where wind drift may 
be a problem spray application should be restricted to wind speeds of less than 8-10 mph. The 
management plan should adequately address the goals of air stripping and evaporative losses in relation to 
droplet size and wind drift. 

 A screen of rapidly growing trees at the periphery of the spray site should be considered to reduce wind 
drift and attenuate any impacted shallow groundwater. Certain poplar or willow trees are fast growing, and 
mature trees may take up as much as 50 gallons/day/tree of shallow ground water. Disease resistance, 
climate and salt tolerance should be considered before selecting a tree variety. 

13. Record Keeping:  Accurate records must be maintained at the site and be periodically submitted to the 
MPCA for all technical parameters associated with the land treatment system. As specified in the 
management plan these records must include precipitation (using a minimum of two rain gauges), 
temperature, hydrogeologic, engineering, operational, maintenance, and monitoring information outlined 
in this document. If air quality becomes a concern then wind direction and velocity during spray 
application must be included in the operational reports. 
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VII. Monitoring Requirements 

Each site utilized for land treatment of landfill leachate must have an MPCA approved Sampling and Analysis 
Plan (SAP) and an associated a quality assurance/quality control plan. The following are groupings of various 
parameters which must be sampled on an ongoing basis at a land treatment site: 
1. Effluent:  Metals loading is easier to keep track of in the effluent than in soils. Effluent concentration 

multiplied by flow volume (obtained from the flow meter or calibrated hour meter on the pump) divided 
by the site acreage will provide the basis for determining annual metals loading of the soils. Ground water 
in monitoring wells (and drain tile discharge, if any) must also meet pre-determined regulatory limits. 

General chemistry, fecal coliform bacteria, and inorganic COC (E.G. metals) at must be sampled at least 
three times per spray season at the discharge point of the pond system or tank. If ponds are operated in 
batch mode and several application events are conducted from a single batch then only one sample will be 
required. At minimum VOCs must be sampled once per year ahead of the pond(s) or tank to assist in 
calculating atmospheric loading and VOC treatment efficiency rates. Effluent parameters required for 
analysis are listed in Appendix E. Monitoring of the effluent must be correlated/concurrent with the spray 
season, and samples must not be filtered prior to analysis.  

As described above the SAR must be ascertained in the effluent three times per year, and for fine to 
medium textured soils a SAR of less than 8.5 should be maintained. 
2. Ground Water:  Ground water (and/or soil water) monitoring must be undertaken upgradient and 

downgradient (or in the case of lysimeters adjacent to or within) the proposed pond and spray 
application site(s). The required number of monitoring points is predicated on site-specific conditions 
and the anticipated loading rates. The spacing of wells at spray sites needs to adequately monitor the 
site.  On sites where the geology is relatively uniform 2-3 monitoring points within the spray site may 
be considered as opposed to more monitoring wells at the perimeter of the site.  If however 
performance standards are exceeded in the interior wells, more wells at the perimeter will most likely 
be required.   

Lysimeters (soil water samplers) may be employed to either augment or even replace ground water 
monitoring in situations where the hydrogeology necessitates their use (e.g. tight clayey till). 
Lysimeters at two depth zones may be needed to detect possible vertical migration of COC.  
Monitoring points are typically sampled three times per spray season. Sample acquisition must 
coincide with spray application. This is especially important if lysimeters are employed. The 
parameters to sample for are at a minimum the same as those required at monitoring points around 
landfills. 

 
3. Soils:  Annually before the onset of spray irrigation a composited soil sample (see Appendix B) consisting 

of between 15-20 sub-samples for each 40 acres of the spray site must be analyzed for the following 
parameters: 
a. USDA soil textural classification 
b. percent organic matter 

c. extractable phosphorous in pounds per acre 

d. exchangeable potassium in pounds per acre 

e. soil pH 
f. cation exchange capacity (CEC) expressed in millequivalents per 100 grams (required every three 

years) 

g. specific conductance 
The soil sub-samples need to be taken at between six to twelve inches below grade and account for 
differing soil units at the spray sites.  A soil sampling plan must be submitted to the MPCA for review and 
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approval prior to soil sampling.     

VIII. Air Quality Concerns 

VOCs not biologically reduced by pre-treatment may be volatilized either in the pre-treatment process or at the 
spray site. Appendix F is a table providing proposed maximum allowable air emission limits at the property 
line of MSW leachate land treatment sites generated by the MPCA Division of Air Quality in 1992. 

The most restrictive parameter provided in Appendix F is vinyl chloride. The proposed MPCA maximum 
allowable atmospheric loading rate for vinyl chloride is 1 kilogram/year. Vinyl chloride concentrations in 
leachate can be expected to be approximately 100 ug/L. If an average annual leachate production rate of 
20,000 gallons/acre/month and no pre-treatment prior to application are considered, then before the proposed 
air quality restrictions would apply, the landfill would have to be over 12 acres. On larger landfill sites or sites 
where leachate flow and/or concentrations are elevated then more sampling for VOCs may be warranted, and 
possibly more pre-treatment prior to applying the effluent would be required. 

Municipal waste water treatment facilities which accept leachate currently do not attempt to reduce or 
eliminate atmospheric releases of VOCs. Air quality rules as they relate to landfill leachate have not as yet 
been instituted. Treatment/reduction of VOCs in the pre-treatment process should not be overlooked when 
considering air quality concerns. If air quality standards at land application sites are implemented then the 
MPCA air quality regulatory staff will be (more) involved. 

While pathogens (typically monitored as fecal coliform bacteria) are generally present in raw leachate, the 
colony counts are typically low when compared to sewage sludge land application standards. Pretreatment in 
ponds should lower the coliform colony counts. Therefore under normal operating conditions it is not 
anticipated that bacteria will prevent land application of landfill leachate. If bacteria counts however are found 
to exceed pre-determined limits at the spray site then more extensive monitoring and possibly further pre-
treatment may be required to reduce pathogens. 
IX. Reporting Requirements 

The solid waste permit will stipulate reporting requirements for the land treatment system including reporting 
emergency situations, reporting exceedances of performance standards in monitoring points, and generating an 
annual report. 

Emergency conditions include a system failure which may or may not include a leachate release. Emergency 
situations must be dealt with promptly in accordance with the contingency action plan, and the MPCA must 
be notified as expeditiously as possible after the event. Exceedances of performance standards in monitoring 
points will require a process similar to that outlined in MPCA’s solid waste rules, at Minn. Rules 7035.28 15 
subp. 4.6. As the “flow can be turned off” at spray sites, or more pre-treatment or spray acreage could be 
proposed some differences between landfills and land treatment sites will exist with regard to exceedances of 
performance standards. 
The land treatment site annual report requirements will be similar to those outlined in Minn. R. 7035.28 15 
Subp. 14. Q. In addition, the annual spray site report must include maintenance performed, soil, ground water, 
and leachate information (see above), precipitation amounts (rainfall) and pumping rates which assist in 
calculating a “running” site life expectancy which also must be included in the annual report 
X. Contingency Action Plan 

A contingency action plan will be required for each land treatment system. The contingency action plan must 
completely outline the sequence of steps which must be taken in case of equipment failure (pumps, spray rig, 
aerator, etc.), pond or tank failure, excessively wet conditions which would not allow for spray irrigation, or 
exceedances of intervention limits in monitoring points. 

The contingency action plan must allow for adequate treatment of all the leachate in case of system failure, and 
the operator must be familiar with its requirements. A signed back-up agreement with a MWWTF is required. 
The projected costs for contingency actions must be added to the contingency action cost estimates for 
financial assurance. 
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XI. Summary and Conclusions 

Land treatment of leachate is a relatively new approach for treating landfill leachate. A land treatment of 
leachate system has some of the characteristics of a municipal waste water treatment facility, spray irrigation 
of treated industrial waste water, land application of sewage sludge, and an air stripper. As the performance of 
spray treatment sites is tracked, adjustments may have to be made in detention times, spray rates, monitoring, 
and site life expectancy based on metals and potential VOC loadings. 

“Results obtained from operation of on-site leachate treatment plants demonstrate that such schemes are not an 
expensive luxury, but are financially expedient at controlled landfill sites where they are necessary” (1, p. 
746). 
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APPENDIX A 

CENTER PIVOT PEAK APPLICATION RATE  

AND 

AVAILABLE WATER HOLDING 

CAPACITY SAMPLE CALCULATIONS 
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Center Pivot Peak Application Rate Calculation  
Peak application rate (in/hr) = [122.6 x system flow rate (gpm)]/ [(system length (ft.)) x wetted radius of end 
sprinklers)] 

 

Available Water Holding Capacity 

For a site to be suitable, there must be at least 6 inches of available water holding capacity above the seasonal 
high water table. 

Available water holding capacity is reported as inches of water per inch of soil. When determining the 
available water holding capacity for a soil type only the soil depth above the water table or bedrock is used. 
Information on soils is presented in soils sheets only to the depth of 60 inches. The following two examples 
show how to determine a soils available water holding capacity. 
Example 1: 

Soil  Depth to Water Table           Available Water 

Depth   Water Table   Depth  Texture       Holding Capacity 

 
Hda  l0’+    0”-12”  sandy loam  .15 in./in. 

(Hayden     12”-18”  loam or   .16 in./in. 

fine sandy     l8”-36”  clay loam   .16 in./in. 

loam)      36”-60”  loam or 

  clay loam  .16 in./in. 

Step 1:  Determine the thickness (in inches) of each soil horizon. 
sandy loam  0”-12”=  12” 

loam or sandy loam 12”-18”=   6” 

clay loam   18”-36”= 18” 

loam or clay loam  36”-60”= 24” 

 
Step 2:  Multiply available water holding capacity for each horizon by the number of inches of soil depth. 

.15x12”= 1.80 in. 

.16x6" = 0.96 in. 

.16x18” = 2.88 in. 

.16x24” = 3.84 in. 

 
Step 3:  Add answers of Step 2 to determine available water holding capacity for the entire soil profile. 

1.80 
0.96 
2.88 

6” minimum             +3.84 
required so OK ---->   9.48 inches of available water holding capacity 
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Example 2: 

Soil   Depth to    Available Water 
Type   Water Table  Depth  Texture Holding Capacity 
 
Du   3’   0-10”  silt loam       .18 in./in. 
(Dundas)     10”-36”  clay loam       .17 in./in. 

36”-60” silty clay loam 
      36”-60”  loam        .17 in./in. 
Step 1:   10” - 0” 10” 

361 - 10” = 26” 
 

Step 2:  10” x .18 = 1.80 
26” x .17 = 4.42  

Step 3: 6.62 inches of available water holding capacity 
 
Unmapped Soil Depth 

 
If the soil profile does not provide at least 6 inches of AWC in the top 5 feet, you can assume that the soil 
below 5 feet has the same AWC as the last soil horizon described and calculate the AWC to the water table. 

 

*Calculate available water holding capacity only to the water table. 
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APPENDIX B 

 

 

SOIL SAMPLEING GUIDELINES 
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To take a composite sample of soil at the land application site scrape off all surface litter. Take a core of the 
soil at the specified depth range as shown in Figure 3. Place the core in a clean pail. Repeat this procedure in 
15 to 20 places as shown in Figure 4. Break the clods and mix the soil in a pail thoroughly. Remove about a 
2/3 pint sample of this mixture for analysis. Sample, handle arid prepare for analysis the soil sample in 
accordance with the procedures recommended in the QA/QC plan and soil testing laboratory. 

 

 

 
 

 
Samples should be analyzed for organic matter (using loss on ignition methodology), extractable phosphorus 
(Bray—i method for soil pH 7.4 or less; Olsen’s phosphorus method for soil p greater than 7.4), and soil pH 
(to determine appropriate phosphorus method). 
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APPENDIX C 

CONCENTRATIONS OF ORGANIC AND 
INORGANIC PARAMETERS IN MINNESOTA 
MIXED MUNICIPAL LANDFILL LEACHATE 
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CONCENTRATIONS OF ORGANIC PARAMETERS IN  

MINNESOTA MIXED MUNICIPAL LANDFILL LEACHATE 
(MPCA DGWSW SWS, 1992) 

 
 

CONSTITUENTS   UNITS    MID-RANGE  
VALUES 

Ch1oromethane    ug/l    35.8 
Bromomethane    ug/l    BDL 
Dichiorodifluoromethane   ug/l    54.2 
Vinyl Chloride    ug/l    106 
Methylene chloride   ug/l    840 
 
Acetone     ug/l    5327 
Trichlorofluoromethane   ug/l    32.4 
Allyl chloride    ug/l    BDL 
1,1-Dichloroethane   ug/l    76.8 
 
trans-1,2,-dichloroethane   ug/l     
cis-1,2-dichloroethylene   ug/l    50.4 
Ethyl ether    ug/l    301.6 
Chloroform    ug/l    5.1 
1,1,2-Trich    ug/l    3.1 
Methyl ethyl keytone   ug/l    5849 
 
1,2-Dichioroethane   ug/l    9.8 
Dibromomethane   ug/l    3.8 
1,1,1-trichloroethane   ug/l    97.2 
Carbon tetrachloride   ug/l    24.3 
Bromodichioromethane   ug/l    BDL 
Dichioroacetonitrile   ug/l    BDL 
 
2,3-Dichloro-1-propene   ug/l    BDL 
1,2-Dichloropropane   ug/l    11.3 
cis-1,3-Dichloro-1-propene  ug/l    2.5 
 
1,1,2-Trichloroethylene   ug/l    33.6 
Benzene    ug/l    37.0 
 
1,3-Dichloropropane   ug/l 
Dibromochloromethane   ug/l    BDL 
1,1,2-Trichloroethane   ug/l    BDL 
BDL: Below detection limit  
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CONCENTRATIONS OF ORGANIC PARAMETERS IN MINNESOTA 
MIXED MUNICIPAL LANDFILL LEACHATE (CONTINUED) 

(MPCA DGWSW SWS, 1992) 
 
CONSTITUENTS   UNITS    VALUES 

MID-RANGE 
 
1,2 –Dibromoethane   ug/l    BDL 
2-chioroethylvinyl ether   ug/l    BDL 
Bromoform    ug/l    BDL 
1,1,1,2-Teirachioroethane  ug/1    BDL 
Methyl isobutyl ketone   ug/1    512 
1,2,3 Trichloropropane  ug/l    BDL 
 
1,1,2,2-Tetrachloroethane  ug/1    21.7 
1,1 ,2,2-Tetrachloroethylene  ug/l    16.8 
Pentachloroethane   ug/l    BDL 
Toluene     ug/l    272 
Chlorobenzene    ug/l    BDL 
Ethyl benzene    ugh/l    73.5 
 
Cumene     ug/l    12.0 
m-Xylene    ug/1    140 
p-Xylene    ug/1    128 
o-Xylene    ug/1    72.0 
1,3-Dichlorobenzene   ug/l    2.7 
1,2-Dichlorobenzene   ug/1    10.8 
 
1,4-Dichlorobenzene   ug/1    7.79 
Dichloroethylene   ug/l    102 
 
Chloroethane    ug/l    80.2 
1,1-Dichioroethylene   ug/l    14.2 
Tetrahydrofuran    ug/l    855 
trans-1,2-Dichloroethylene  ug/l    31.3 
 
 
 
 
 
 
 
 

 

 

 

 
 

Land Treatment of Landfi l l  Leachate 25 Minnesota Pol lut ion Control  Agency 

April 2011 



 
 
 

CONCENTRATIONS OF INORGANIC PARAMETERS IN 

MINNESOTA MIXED MUNICIPAL LANDFILL LEACHATE 

(MPCA DGWSW SWS, 1992) 

 
CONSTITUENTS  UNITS  MID-RANGE   HIGH-RANGE 

VALUES   VALUES 
 
Arsenic    mg/l  0.5    1.7 
Barium    mg/l  1.5    5.0 
Biological Oxygen Demand  
(5 day)    mg/l  2,000    12,000 
  
Cadmium   mg/l  0.008    0.07 
Calcium    mg/l  500    800 
Chemical Oxygen Demand mg/l  8,000    30,000 
Chloride   mg/l  600    1,300 
Chromium   mg/l  0.04    0.3 
Copper    mg/l  0.03    0.14 
Cyande    mg/l  0.01    0.015 
Iron    mg/l  110    1,400 
Lead    mg/l  0.3    1.4 
Magnesium   mg/l  1,700    4,600 
Manganese   mg/l  30    300 
Mercury   mg/l  0.0007    0.002 
Nickel    mg/l  0.1    0.2 
Nitrogen, Ammonia  mg/l  50    250 
Nitrogen, Nitrate + Nitrite mg/l  0.1    0.2 
Phenols    mg/l  1.0    1.6 
Phosphorous, Total  mg/l  1.0    3.0 
Potassium   mg/l  140    320 
Selenium   mg/l  0.5    1.3 
Silver    mg/l  0.04    0.05 
Sodium    mg/l  450    1,000 
Solids, Total   mg/l  6,000    20,000 
Solids, Total Suspended  mg/l  1,300    5,000 
Sulfates    mg/l  150    700 
Zinc    mg/l  4.0    18 
pH      6.5    7.0 
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APPENDIX D 

MAXIMUM CUMULATIVE METALS 

LOADING LIMITS (revised September 2006) 

AND 

SODIUM ADSORPTION RATIO 

EQUATION 
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Maximum Cumulative Inorganic Element Addition (pounds/acre) 

 
Parameter  Maximum cumulative  

addition, pounds/acre 
Arsenic:    37  

Cadmium:    35  

Copper:    1339  

Lead:     268  

Mercury:    15  

Nickel:    375 

Selenium:   89  

Zinc:     2500 

 

 

Sodium Adsorption Ratio (SAR) Equation 
SAR = [(0.0435)(Na)] / [(0.0249)(Ca) + (0.0412)(Mg)]1/2 

Where Na, Ca, and Mg are in mg/L 
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APPENDIX E 

 

PARAMETERS REQUIRED TO BE SAMPLED 

AND ANALYZED AT THE DISCHARGE POINT 

OF THE STORAGE TANK OR POND 
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EFFLUENT PARAMETERS REQUIRED FOR ANALYSIS 

 

Field Parameters     Major Cations 

Appearance      Boron 
Temperature      Calcium 
Specific Conductance     Magnesium 
pH       Potassium 
Eh       Sodium 
Alkalinity      Iron 

Manganese 
 
Metals       Ammonia Nitrogen 
 
Arsenic 
Barium       Other Parameters 
Cadmium      Total Suspended Solids 
Chromium      Total Dissolved Solids 
Cobalt       B.O.D. 
Copper       C.O.D. 
Lead       Cyanide 
Mercury      TKN 
Molybdenum      Total Coliform Bacteria 
Nickel       Total Phosphorous 
Selenium 
Silver       Organic Compounds 
Zinc       Use most current MDH 465 List 
 
Major Anions    Perfluorochemicals (PFOS, PFOA, PFBA, PFBS) 
Bicarbonate 
Bromide 
Carbonate 
Chloride 
Nitrate+Nitrite Nitrogen 
Sulfate 
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APPENDIX F 

PROPOSED AIR QUALITY STANDARDS FOR 

LAND TREATMENT OF LEACHATE 
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PROPOSED (DRAFT) AIR QUALITY  
STANDARDS FOR LAND APPLICATION LANDFILL LEACHATE 

 

 
CONSTITUENTS    UNITS    ALLOWABLE 

EMISSION RATE 
 
Benzene     kg/yr     10.7 
Chloroform     kg/yr     3.8 
Dichiorodifluoromethane    kg/yr     1,791.4 
1,1-dichioroethane    kg/yr     4,478.4 
1,2-dichioroethane    kg/yr     3.4 
1,1-dichioroethylene    kg/yr     1.8 
l,2-dichloroethylene    kg/yr     7,832 
dichiorofluoromethane    kg/yr     414.8 
Ethylbenzene     kg/yr     941.9 
Methylene chloride    kg/yr     188.1 
1,1 ,2,2-tetrachloroethane    kg/yr      1.5 
Tetrachloroethylene    kg/yr     152.3 
1,1,1-trichioroethane    kg/yr     8,956.8 
1,1,2-trich     kg/yr     5.6 
Trichioroethylene    kg/yr     52.8 
Trichiorofluoromethane    kg/yr     6,269.7 
Toluene      kg/yr     813.5 
Vinyl chloride     kg/yr     1.1 
Xylene  (mixed)     kg/yr     941.9 
 

 

 

DRAFT 
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