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,v C-:J \s) ('\y EXECUTIVE SUMMARY 

A rural electric cooperative (REC) proposes to build a 700 megawatt (MW) coal fired 

base load electrical generating station in north-central South Dakota. The plant would consist of 

a supercritical pulverized coal boiler and a steam turbine generator. Solid wastes generated 

through the operation of the boiler and associated plant air pollution control systems would be 

disposed at an onsite landfill. A 202-acre landfill with 10 percent slopes is proposed to manage 

approximately 685 tons of waste each day; a design capacity of 15,000,000 yd3 is required for the 

anticipated 50-year life of the facility. The objective of this report is to provide an engineering 

design for a solid waste landfill that i environmentally ound and economically feasible. 

The design considers project site background information (soi l , geology, and climate) 

and the regulatory requirements set forth in the State of South Dakota olid waste management 

rules. A variety of landfill liner, leachate collection, and cover system options were evaluated 

using the US EPA Hydrologic Evaluation of Landfill Performance (HELP) model. The HELP 

computer program is a hydrologic model of water movement acros , into, through and out of 

landfills. A 24 in. thick compacted clay liner (CCL), a 48 in. thick CCL, and a compo ·ite liner 

consisting of a 60 mil high density polyethylene (HDPE) geomembrane overlying a compacted 

soil layer were evaluated with and without a leachate collection system. Two cover systems 

were evaluated to predict the performance of the closed landfill. Again, the HELP model was 

used to determine the predicted seepage rate through both 36 in. thick and 48 in. thick landfill 

cover systems and through the entire landfilJ. An economic evaluation of the various design 

options is also provided. The recommended design includes a 48 in. thick composite cover 

system and a 24 in. thick CCL bottom liner at a total estimated cost of $41,301 per acre. 
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At present, no site specific hydrogeologic information is available; important 

characteristics such as hydraulic conductivity and hydraulic gradient are not known. 

Calculations using a range of aquifer parameters and the gradients were completed to provide an 

envelope of contaminant travel time values. The US EPA Optimal Well Locator (OWL) 

program was used to account for the effects of dispersion in determining the lateral spacing of 

wells. 

Based on the hypothetical landfill layout and groundwater flow regime depicted in this 

design study, the recommended monitoring network for the 202-acre site consists of 16 wells. 

Six wells would be either up- or Si.de-gradient, while ten wells would be positioned down­

gradient. Downgradient wells would have a lateral spacing of approximately 70 m and would be 

located a maximum of 25 m from the landfill boundary. Calcium, sodium, boron, sulfate, 

bicarbonate and chloride are recommended as "indicator" parameters for the long-term 

monitoring of groundwater at the facility. 
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INTRODUCTION 

A rural electric cooperative (REC) is proposing to build a 700 megawatt (MW) coal-fired 

base-load electrical generating station in north-central South Dakota (SD). Figure l illustrates 

the location of the project, located in Walworth County, approximately three miles west of the 

town of Selby. The plant would con ist of a supercritical pulverized coal boiler and a steam 

turbine generator powered by Powder River Basin (PRB) sub-bituminous coal. Solid waste 

generated through the operation of the boiler and plant air pollution control systems would be 

disposed at an onsite landfill. 

PROBLEM DEFINITION AND OBJECTIVE 

The long-term disposal of any waste material in a landfill poses several potential 

problems, including the contamination of soil, groundwater and surface water by leachate 

movement out of the landfill. The purpose of this report is to provide a design for an 

environmentally sound and economically viable solid waste landfill. The design takes into 

account site characteristics such as soils, geology, and climate, and is consistent with the 

Administrative Rules of South Dakota. 

BACKGROUND INFORMATION 

Air Pollution Control Equipment 

The proposed plant would use state-of-the-art air pollution control equipment, consisting 

of nitrogen oxide (NOx), particulate, sulfur dioxide, and mercury control systems. NOx control 

would be achieved through the use of low NOx burners, over-fire air, and selective catalytic 

1 
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Figure 1. Site Location. (Adapted from South Dakota Office of Tourism, 2007). 
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reduction (SCR). No solid wastes are anticipated to be generated by the operation of the NOx 

control system. 

Particulates would be controlled through the use of filter fabric (baghouse) technology. 

The material collected in the baghouse system, generally referred to as fly ash, may be used as an 

additive to concrete or placed in a landfill for disposal. Sulfur dioxide control would be 

accomplished using a wet flue gas desulfurization (FGD) system. In this process, alkal ine slurry 

(produced from mixing limestone and water) is sprayed into an absorber vessel to react with the 

S02 in the flue gas; calcium-sulfur compounds (primarily gypsum) are formed and then removed 

and dewatered for off-site sale or disposal. Mercury emissions would be controlled with carbon 

injection, a process that involves the direct injection of activated carbon into the flue gas stream. 

The spent carbon would be collected in the particulate control system, and may have a negative 

affect on the marketability of the fly ash for use as an admixlure in concrete. 

All of the waste treams resulting from the operation of air pollution control equipment, 

along with bottom ash (non combustible coal residue that settles to the bottom of the boiler) 

constitute the materials that may be required to be managed as solid waste al the proposed 

facility. 

Solid Waste Composition and Quantity 

Fly ash is composed of mainly amorphous spherical particles, ranging from about 10 to 

100 µmin diameter, that are transported from the combustion area by exhaust gases and are 

collected by a particulate control system (US DOE, 2006). Major elements in fly ash typically 

include silicon, calcium, aluminum, sulfur, iron, magnesium, and sodium. Trace constituents 

may include zinc, vanadium and selenium. The results of recent analy es of a similar fly ash 

3 
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sample re uJting from the combustion of PRB coal are shown in Appendix A. The analyses 

include a modified ASTM D3987 shake extraction test, performed with a 4: 1 solution to olids 

ratio and "mineral analysis' of the ash. Fly ash repre ents approximately 80% of the a h 

produced at a typical PRB coal boiler; a 700 MW unit would produce approximately 160,000 

tons of fly ash per year (Cris Miller, Basin Electric, personal communication). Rastogi and 

Charhut (200 I) report a bulk density range of 43 to 76 pcf for PRB fly a h. For the purposes of 

this report, the bulk density of fly ash is estimated at 60 pcf. 

Bottom ash con ists of sand-size particles of amorphous silica and alumina that is taken 

from the bottom of the boiler furnace. The chemical analysis of bottom ash indicates it consists 

of oxides of silicon, aluminum, calcium, magnesium, and iron, with few other minor 

constituents. The results of a recent analysis of a similar bottom ash sample resulting from the 

combustion of PRB coal are shown in Appendix B. The analyses include a modified ASTM 

D3987 shake extraction test, performed with a 4: 1 solution to olids ratio and "mineral analysis ' 

of the ash. Bottom ash generation amounts are expected to be on the order of 20% of total ash or 

approximately 40,000 tons per year (Cris Miller, Basin Electric, per onal communication). Das 

(2002) reports bottom ash bulk densities ranging from 72.6 to 104.4 pcf. The bulk density of 

bottom ash for this project is assumed to be similar to loose sand, at approximately 90 pcf. 

FGD waste consists of silt size particles composed of calcium sulfite or calcium sulfate. 

No laboratory analysis of a similar FGD waste is currently available. The wet FGD wa te are 

proposed to be dried using vacuum filters to 80 to 90 percent solids content. Depending on how 

"hard" the flue gas is scrubbed, FGD waste i anticipated to be generated at a rate of 

approximately 50,000 tons per year. The density of the FGD waste is expected to be 60 pcf. 

4 
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Based on an ash content of PRB coal of approximately 6%, the 700 MW plant would 

produce 160,000 tons of fly ash (198,000 cubic yards at a density of 60 pcf), 40,000 tons of 

bottom ash (33,000 cubic yards at a density of 90 pcf), and approximately 50,000 tons of FGD 

waste (62,000 cubic yards at a density of 60 pcf). The total volume of ash and FGD wastes 

potentially needing disposal amounts to approximately 293,000 cubic yard per year. Based on 

an estimated 50-year plant life, approximately 15 million cubic yards of materials may need to be 

managed at the proposed landfill. 

Whenever possible, disposal of coal combustion wastes (CCWs) should be minimized by 

off-site utilization. For example, fly ash has been used as an admixture in concrete as a partial 

replacement for Portland cement and FGD material has been used in the manufacture of gypsum 

wall board (US DOE, 2006). Bottom ash has routinely been used as a replacement for sand to 

increase traction on roads during winter in North Dakota. Any CCWs that are not utilized off 

site would need to be disposed in an approved landfill. 

SOUTH DAKOTA SOLID WASTE REGULATIONS 

The statutes governing the storage and disposal of solid waste are found in South Dakota 

Codified Law (SDCL) 34A-6, and the rules developed to implement the statutes are found in 

Article 74:27 of the Administrative Rules of South Dakota (ARSD). The rules include seventeen 

chapters, detailing, among other things, the siting, design, operation, closure, and financial 

assurance requirements for landfills. Conformance with applicable state rules adds another layer 

of design constraints, in addition to the design constraints presented by the physical environment 

at the proposed project location. The Solid Waste Program of the South Dakota Depa1tment of 

5 
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Environment and Natural Resources (DENR) is the government agency responsible for 

implementing the solid waste rules. 

Regulatory Framework 

As the proposed facility would receive more than 150,000 tons of solid waste each year, 

it i deemed a "Type I facility" by the SD solid waste rules. While there are no pecific design 

requirements for Type I facilities, an additional "Phase I" permit application is required, along 

with increased public involvement and a longer (up to 270 days) permit application evaluation 

and processing period. The purpose of the Phase I application is to ensure the site is suitable for 

the development of the proposed facility. The bulk of the South Dakota solid waste rules apply 

to municipal solid waste landfills (MSWLFs) and there are no rules specific to the type of facility 

proposed herein; however, the rules have provisions and requirements for "other facilities." 

Based on a review of Article 74:27, it is assumed the "other facilities" criteria will be applied to 

the design and construction of the facility. 

Site Selection Criteria 

The facility would be subject to the location standards set forth in ARSD 74:27: 11. The 

following location restrictions apply to the solid waste facility: 

Shall not cause significant adverse effect to wildlife, recreation, aesthetic value of an 

area, or state and federal threatened or endangered species. 

Shall not be located within a 100-yr floodplain . 

May not be located within 1,000 ft of an occupied dwelling, school, hospital, 

interstate or primary highway right-of-way. 

6 
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Shall not be closer than 1,000 ft of streams, creeks, lakes, reservoirs or other bodies 

of water classified for fish life. 

Shall not be located in unstable areas. 

Shall not be located in seismic impact zones or within 200 ft of a fault that has had 

displacement in Holocene time (this requirement applies specifically to MSWLFs, but 

should be included for this project to ensure long-term liner integrity). 

Applicable Design and Monitoring Criteria 

In general, a solid waste disposal facility must be designed, constructed, and operated to 

protect human health and prevent the degradation of the environment, including ambient 

groundwater quality, surface water quality, and air quality. 

A surface water drainage and control system must be incorporated into the design to 

divert normal surface water flow and storm water run off around or away from areas where waste 

is present. The surface water drainage and control system must be designed to minimize the 

mixing of storm water with leachate and to handle the peak flow from a 25-year, 24-hour storm 

(ARSD 74:27: 16: 16). Typically, any water that comes in contact with waste is considered 

leachate and must be handled as such. 

While there are specific liner requirements (composite liner, consisting of a compacted 

soil liner and a geomembrane) for MSWLFs in South Dakota, no prescriptive liner requirements 

apply to CCW landfills. The agency, however, may require liner systems for other disposal 

facilities when the wastes have a potential to pollute groundwater or surface water. In any case, 

the liner needs to be constructed of materials that have the strength, thickness, and chemical 

properties needed to prevent failure due to pressure gradients, contact with the waste or leachate, 

7 
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climatic conditions, stress of installation, and stress of daily operation (ARSD 7 4: 27: 12: 17). 

The liner configuration is determined by the agency on a case-by-ca e basis. Based on the 

chemical analyses of the CCWs and the utility's experience with simi lar facilities in other states, 

it is anticipated that some type of liner system will be required. If a leachate collection system is 

used, it must be constructed of materials chemically resi tant to the waste and leachate, be of 

sufficient strength to prevent collapse cau ed by the pressures of the overlying wa Le, be 

designed to prevent clogging throughout the active life and post clo ure care, and be de igned to 

move leachate to a central collection point for treatment of disposal (ARSD 74:27: 12: 18). The 

final cover system for facilities other than MSWLF's must consist of a minimum of two feet of 

earthen material capable of maintaining perennial vegetation (ARSD 74:27: 12:21). Facility­

specific design details must be negotiated and ultimately approved by the DENR. 

The agency may require a groundwater monitoring system for facilitie other than 

MSWLFs. If required, the groundwater monitoring system must be located and designed to 

determine the ambient ground water quality and to detect the migration of leachate con tituents 

from a facility. A sufficient number of wells must be located up gradient and downgradient of the 

waste disposal areas to ensure detection of contaminant migration. At lea t three wells must be 

located immediately downgradient of the waste di posal areas. Monitoring wells may be placed 

individually or in clusters (ARSD 74:27: 19:03). The monitoring parameters and the monitoring 

frequencies required for a facility may be adjusted on a site-specific basis with prior approval by 

the agency. In no case may the monitoring frequency be less than once a year during the 

detection monitoring period (ARSD 74:27: 19:07). 

8 
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DESIGN CONSTRAINTS 

The proposed landfill would be located west of the plant buildings on an approximately 

300 acre parcel ; the landfill footprint would cover approximately 200 acres. Figure 2 depicts the 

proposed plant layout and location of the landfilJ. 

Climate 

The site in north central South Dakota has a continental, sub-humid climate. Winters are 

typically cold and harsh, while summers are mild. The average monthly low temperatures vary 

from 2.0 Fin January to 59 Fin July. Average monthly high temperatures vary from 22.6 

degrees Fin January to 85.2 degrees Fin July. The yearly average precipitation is 17.51 in. 

Most of the precipitation falls between April and September (High Plains Regional Climate 

Center, 2007). 

Topography 

Figure 3 depicts the general topography and drainage patterns at the ite. An intermittent 

stream system crosses the site, and will need to be re-routed to allow for the development of the 

landfill. The intermittent stream in not a navigable water and is thus not subject to Corps of 

Engineers regulation. Further, the stream is not classified for fish life production by ARSD 

74:51 :03. Site drainage design will not be considered in this proposal. 

Soils 

Figure 4 depicts the general soil map for the study area. Soils present in the study areas 

include the Highmore series, consisting of very deep, well drained soils formed in silty glacial 

9 
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Figure 3. Topographic Map of Study Area. (Basin Electric Power Cooperative). 
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T tthh~~ - Surface Te xturP - Sun1111dry By Mdp U11it 0 

Summary by Map Unit - Walworth County, south Dakota © 
Map unit symbol Map unit name Rating Acres In AOI Percent of AOI 

8n Bon loam loam 79.2 9. 7% I 
BwB Bowdle loam, 2 to 6 percent loam 38.5 4. 7% 

slopes 

Bx8 Bowdle-Wabek loams, 2 to 6 loam 20.9 2.6% 
percent slopes 

BxC Bowdle-Wabek loams. 6 to 9 loam 18.9 2.3% 
I 

percent slopes 

OoA Demky-Jerauld complex, Oto 2 loam 4 .2 0. 5% 
percent slopes 

E9 Eoas Silty clay loam solty day loam 2.4 0. 3% I 
GeE Gettys d ay loam, 9 to 40 day loam 68.6 8 .4% 

percent slopes 

I 
~ Highmore silt loam, 0 to 2 silt loam 8 .3 1.0'% 

percent slopes 

1-fiB Highmore solt loam, 2 to 6 Sil loam 223.7 27.4% 
percent slopes 

HhC Highmore silt loam, 6 to 9 silt loam 97.3 11.9% 
percent slopes 

Hk8 Highmore-Eakon silt loams, 2 to 6 Slit loam 10.8 L.3'11, 
percent slopes I 

HkC Hoghmore--Eak1n stlt loams, 6 to 9 stlt loam 61.9 7.6% 
percent slopes 

Mo Mobndge slit loam slltloam 117.4 14.4% 

Rae Raber loam, 6 to 9 percent loam 15.7 1.~ 
slopes I 

RbD Raber-Gettys complex, 6 to 15 loam 45.5 5.6% 
percent slopes 

Te Tetonka silt loam Slit loam 1.2 0. 1% 

w Water 1.8 0.2% I 
Totals for Area of I nterest (AOI) 816.3 100.0 % 

I Figure 4. General Soil Map. (Adapted from Natural Resources Conservation Service, 2007). 
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drift on uplands, the Bowdle series, consisting of well drained soils formed in loamy alluvium 

underlain by sand and gravel on outwash plains and stream terraces, the Bon series, consi ting of 

deep soils formed in alluvium on bottom lands of the glacial till plain, and the Mobridge series, 

consisting of deep, well and moderately well drained, moderately permeable soils formed in 

colluvial-alluvial sediments (National Resources Conservation Service, 2007). Geotechnical 

borings are planned to determine foundation conditions as well as to determine the suitability of 

in-situ soils for liner construction 

Geology 

The geologic map of Walworth County is depicted in Figure 5. The county is 

predominantly covered with glacial sediments of Pleistocene Age. Western portions of the 

county are covered by relatively recent loess deposits. The Cretaceous Pierre Shale is exposed in 

areas of western Walworth County adjacent to the Missouri River; these shale outcroppings are 

the only bedrock exposed in the county (Hedges, 1987). 

The study area has been mapped as "older stagnation drift" which is believed to be of 

Late Wisconsinan Age. The till, referred to as "Till A," contains rock fragments of the Tongue 

River and Fox Hills Formations (Hedges, 1987), indicating the glacial ice may have come from 

the north-northwest. According to Hedges, 1987, the average thickness of the till in Walworth 

County is between 50 and 75 ft; the maximum thickness is 225 ft. 

Based on a review of geologic cross sections near the site, it appears the Cretaceous 

Pierre shale would be the first bedrock unit encountered beneath the project location. A 

subsurface exploration program would provide additional detailed information regarding the 

geology and hydro geology of the site. Lastly, a review of the United States Geological Survey 

(USGS) 2002 seismic map (Figure 6) shows the area lies in a region of relatively low seismic 
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Figure 5. Geologic Map of Walworth County. (Adapted from Hedges, 1987). 
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hazard, with a predicted maximum of four to six percent of the acceleration due to gravity (g) 

peak horizontal acceleration with a two percent probability of exceedance in 50 years. There are 

no Holocene faults mapped in the vicinity of the project location. 

Regional Groundwater Resources 

The nearest major glacial drift aquifer (see Figure 7) lies approximately one mile to the 

east of the proposed project location. The Grand Aquifer thickness averages 39 ft and is 

composed of glacial outwash sand and gravel that is generally overlain by a stony clay till 

(Kume, 1979). Dissolved solids in the Grand Aquifer range in concentration from 740 to 3,330 

milligrams per liter, averaging 1,630 mg/I (Kume, 1979). Sandstones of the Dakota and Fall 

River Formations (dissolved solids concentration ranging from 1,800 to 6,090 mg/I) are major 

bedrock aquifers in the county and occur at depths of about 1,800 to 2,100 ft (Kume, 1979). For 

reference, the secondary drinking water standard for total dissolved solids is 500 mg/I (40 CFR 

Part 143). No significant groundwater resources appear to be present at the proposed site. 

LANDFILL DESIGN 

Over the 50 year life of the facility, an estimated 15 million cubic yards of "airspace" are 

needed to manage the wastes generated by plant operation. A number of considerations are 

necessary regarding the configuration of the facility, including ease of construction and 

operation, a logical progression of phased development and partial closure, and maximum 

thickness of waste placement (which affects the final height, slope, landfill area, and the 

consideration of foundation conditions). In addition, the effectiveness of landfill liner and cover 
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systems must be analyzed to ensure leachate generation and migration are reduced to levels 

acceptable the regulatory agency. 

Leachate Generation and Migration 

Landfill leachate may be described as liquid that has percolated through layers of waste 

present in a landfill. Leachate may be composed of liquids that originate from a number of 

sources, including precipitation, groundwater, consolidation, initial moisture storage, and 

reactions associated with decomposition of waste materials. The chemical quality of leachate 

depends on a variety of factors, including the quantity of leachate produced, the chemical and 

physical composition of the buried wastes, and the chemical and biochemical reactions that may 

occur as the waste materials decompose. Most regulatory agencies appear to assume that any 

leachate produced will contaminate either ground or surface water and thus require solid waste 

management facilities to incorporate engineered control measures such as liners and leachate 

collection systems. 

The quantity of leachate produced in CCW landfills depend on the initial moisture 

content of the wastes and the amount of external water entering the landfill. Leachate production 

may be limited by placing relatively dry wastes into the landfill and by preventing, to the extent 

feasible, the entry of external water into the waste layers. To further reduce leachate migration, a 

leachate collection system may be added immediately above the bottom liner o that the bulk of 

the leachate that is produced is collected for subsequent treatment and disposal. As long as the 

integrity of the landfill structure and leachate control system is maintained, the migration of 

landfill leachate may be reduced to an extremely low volume. 
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HELP Model 

The US Environmental Protection Agency (EPA) Hydrologic Evaluation of Landfill 

Performance (HELP) computer program is a hydrologic model of water movement across, into, 

through, and out of landfills (Schroeder et al., 1994). The program accepts weather, soiJ and 

design data and estimates changes in landfill water balance resulting from surface storage, 

snowmelt, runoff, infiltration, evapotranspiration, vegetative growth, soil moisture storage, 

lateral subsurface drainage, unsaturated vertical drainage, and leakage through soil, 

geomembrane or composite liners (Schroeder et al., 1994). 

Landfill designs including various combinations of vegetation, cover soils, waste cells, 

lateral drain layers, low permeability barrier soils, and synthetic geomembrane liners may be 

modeled. The HELP model allows the rapid estimation of the amounts of runoff, 

evapotranspiration, drainage, leachate collection, and liner leakage that may be expected to result 

from the operation of a wide variety of landfill designs (Schroeder et al., 1994). As such, the 

model may be used in the comparison of design alternatives as judged by their water balances. 

The model may be used to evaluate open, partially closed, and fully closed sites. The model has 

been widely used by both landfill designers and regulators. A representative model output file 

from this design study is included in Appendix C. 

Landfill Configuration 

For a given amount of waste to be contained, the number of possible landfill 

configurations may be infinite. For a given height, a hemispherical shape offers the smallest 

landfill area and smallest final cover surface area for a given amount of waste. Construction of a 

hemispherical landfill, however, is not practical, mainly due to the steep slopes (greater than 45 
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percent or 1: l on the lower half of the curved slope), among other considerations. A pyramidal 

shape is a practical alternative for landfill design, but the phasing of liner construction and waste 

placement, along with the appl ication of partial final cover, may be difficult. Based on the 

proposed plant layout and the area available near the plant site for solid waste disposal, a landfill 

layout with a rectangular footprint of approximately 2200 ft by 4000 ft was chosen. 

The goal of final cover system design is to limit the amount of precipitation that 

percolates into the underlying waste. Any liquid that passes through the cover system will 

contact the waste, and ultimately become leachate that requires collection and treatment. 

Another goal of the final cover system is to keep the waste isolated from the outside 

environment. The cover should be sloped to promote runoff (thus avoiding infiltration) but 

should not be susceptible to excessive erosion, thus exposing the wa te. 

Many cover systems include a compacted soil barrier layer (u ually with a hydraulic 

conductivity specified as l x 10-7 cm/ ec or less) to help reduce infiltration. Freeze-thaw effects 

and desiccation are known to increase the hydraulic conductivity of compacted soil barrier layers 

(Benson, 2000). Given the frost depth in north central South Dakota (estimated to be on the 

order of five ft), any compacted soil barrier layer in the cover system would likely be damaged 

by frost and/or desiccation, and would not function as designed. As uch, the final cover system 

design evaluated did not include a soil barrier layer, and instead, rely on the storage of 

infiltrated precipitation and sub equent evapotranspiration of the stored water. Such cover 

systems are oftentimes referred to as an evapotranspiration or "ET" cover systems. The final 

cover designs evaluated include 36 in. thick and 48 in. thick ET cover ystems. 

Determining an optimal final cover slope is a balance of competing fac tors. A landfill 

with a high final cover slope maximizes the use of the landfill footprint. Simply put, more waste 
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may be placed on a smaller area, thus minimizing the co t per volume of wa te disposed. 

Steeper slopes tend to increase runoff but also tend to increase erosion. A thicker fill may also 

pose problems with liner settlement or deformation that result from limitations in the trength of 

the liner material and/or site foundation conditions. A thicker fill would likely result in a higher 

final elevation for the landfill, thus causing a concomitant increase in the visual impact on 

adjacent land. 

South Dakota has no specific design criteria relating to landfill slope. In neighboring 

North Dakota, landfill slopes above 15 percent require a detailed demonstration to show that 

excessive erosion will not occur. For this design analysis, landfill slopes of 5, 10, and 15 percent 

and final cover thicknesses of 36 and 48 in . were evaluated u ing the HELP model. Table 1 

illustrates the subtle relationships between cover thickness, slope, ET, runoff, and infiltration. 

Table 1. Landfill Cover System HELP Model Result . 

Cover Slope E.T. Runoff Infiltration 
Thickness (in.) (percent) (percent) (percent) (percent) 
36 5 95.51 1.61 2.78 
36 10 95.49 1.66 2.79 
36 15 94.06 3.51 2.36 
48 5 96.80 1.45 1.70 
48 10 96.80 1.46 1.69 
48 15 95.23 3.32 1.40 

The results depict the yearly average value of each output parameter for a 50 year simulation, 

reported in percent of HELP model predicted annual average precipitation ( 16.89 in. in Selby, 

South Dakota). 
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Cover System 

For any given slope, the 48 in. thick cover system exhibits better performance (as 

measured by infiltration) than the 36 in. cover. At a 10 percent slope, the 48 in. cover allows 

1.69 percent infiltration while the 36 in. cover allows 2.79 percent infiltration, a difference of 

1.12 percent. Given an average annual precipitation of 16.89 in., 1.12 percent difference 

amounts to 0.189 in. of additional infiltration. This difference is likely due to the additional 

storage capacity and greater evaporative zone depth of the 48 in. cover. 

As depicted in Table 1, there is little difference in the overall performance between 5 and 

10 percent cover systems. For a given thickness, the 5 and 10 percent cover systems exhibit only 

minute differences in output parameters. Only when slope is increased from 10 to 15 percent do 

we observe measurable differences in runoff, evapotranspiration, and infiltration. In general, 

when slope is increased, the increase in runoff is offset (roughly balanced) by a decrease in 

evapotranspi ration. 

Foundation Conditions 

Given the 2200 ft by 4000 ft rectangular landfill footprint and 5, 10, or 15 percent slopes, 

maximum waste thicknesses are calculated to be 55, 110, or 165 ft. Considering the relative 

percentage of the waste types and waste unit weights, a fill thickness of 55 ft results in a 

maximum vertical stress of 3490 lb/ft2, while fill thicknesses of 110 and 165 ft, result in 

maximum vertical stresses of 6980 and 10,460 lb/ft2, respectively. 

Ultimate soil bearing capacity was estimated to be 14,500 lb/ft2 using Terzaghi's 

equation for ultimate bearing capacity (as presented in Das, 2002). Bearing capacity 

assumptions and calculations are presented in Appendix D. Based on the estimated ultimate soil 
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bearing capacity, a 55 ft thick fill results in a factor of safety (FS) of 4.16, a 110 ft fill results in a 

FS of 2.08, and a 165 ft thick fill results in a FS of 1.38. In general, a FS greater than 1.00 

indicates there will be no failure of the evaluated component or system; however, given the 

uncertainty in measurement methods and variation of soil parameters in the field , a FS of 2.00 or 

greater is desirable. Soil bearing capacity will be reevaluated once site specific information 

becomes available. 

Recommended Landfill Configuration 

Because of the apparent design constraint due to foundation conditions, a design for a 

landfill with a footprint of 2200 ft by 4000 ft (about 202 acre ) and a final cover slope of 10 

percent (see Figure 8) will be evaluated in detail. Ten percent slope also offer a good 

compromise between the competing factors of runoff and erosion. If a leachate collection 

system is used, the bottom liner mu t be sloped to facilitate the flow of liquids to a network of 

perforated leachate collection pipe. The "waffle pattern" depicted in Figure 9 allows for 2 

percent bottom liner slopes and limits the maximum leachate flow distance along the bottom 

liner to a collection pipe to approximately 350 ft. 

The facility will be constructed in eight distinct 25.25-acre pha es as shown in Figure 8. 

Orderly, sequential construction allow areas of new bottom liner to be con tructed while other 

areac; of the landfill (that have been filled to final grade) are closed. Further, it is important to 

cover any newly constructed liner with waste or other insulating material to protect it from 

freeze-thaw damage. Phased construction limits the area of newly constructed liner requiring 

frost protection to a manageable size and reduces the amount of non-contact water that must be 

managed as leachate. 

23 



I 
I 1, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

--- ----t----
10o/o 

--~------ ---------

-------------------
( 10% 10% ) 

--- ----i----
~ 2200' 

Figure 8. Landfill Footprint and Phasing. 

24 

Phase 1 

Phase 2 

Phase 3 

Phase 4 

Phase 5 

Phase 6 

Phase 7 

Phase 8 



I 
11 

I 
I 

1 I 
I 
I 
I 
11 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Phase 3 

Phase 4 

--------- ----------
Phase 5 

------------ ----- --
Phase 6 

Phase 7 

Phase 8 

Figure 9. Leachate Collection System "Waffle Pattern" Detail. 
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Open LandfiJl HELP Model Results 

The landfill was modeled in open conditions for a variety of liner and leachate collection 

system (LCS) configurations. Modeling parameters for all simulations included 24 ft of waste 

(HELP model default soil texture number 30, (fly ash)). The evaporative zone depth was set as 

l O in., which is consistent with HELP model user's guide recommendations for bare soil and no 

vegetation. Climatic data was uniform for all model iterations, and was based on default HELP 

model data (Bismarck, North Dakota) that were adjusted for factors such as precipitation, 

latitude, temperature, etc. , based on site specific meteorological data for Selby, South Dakota. 

Because the landfill will be built in distinct phases, with portions under closure as new areas of 

liner are being constructed, the HELP model simulation was limited to five years. Results are 

shown in Table 2. 

Table 2. Open Landfi11 HELP Model Results. 

Liner LCS E.T. Runoff LCS Percolation 
(percent) (percent) (percent) (percent) 

24 in. CCL No 86.3 11.6 0 1.34 
48 in. CCL No 86.3 11.6 0 1.34 
24 in. CCL Yes 86.3 11.6 0.00012 1.12 
48 in. CCL Yes 86.3 11.6 0.00012 1.12 
24 in. composite No 86.3 11.6 0 0.0056 
24 in. composite Yes 86.3 11.6 0.399 0.0034 

For all simulations, model results show evapotranspiration and runoff to be the dominant 

factors in the yearly water balance, accounting for approximately 86.4 percent and 11.6 percent, 

respectively. Added together, they account for 98 percent of the annual water balance. 

Adding a leachate collection system (12 in. thick granular drainage layer with K = 1 x 10-3 

cm/s, bottom liner slope of2 percent and a maximum of 350 ft leachate flow distance) did very 
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little to increase the performance of the CCL systems. While infiltration was reduced from 0.228 

to 0.202 in. (1.3 to 1.2 percent), the 0.1 percent reduction is due to an increase in water storage in 

the waste, LCS, and CCL. Just a smalJ fraction of a percent (0.00012 percent) is captured by the 

LCS. This result is probably due to the extremely low volume of liquid that actually reaches the 

CCL; the liquid likely infiltrates the liner before it bas a chance to flow to the LCS perforated 

pipe drainage system. 

Open conditions were also modeled with a composite liner, which consists of a 

compacted soil liner overlain by a flexible membrane liner (FML). Specifically, the composite 

liner consists of 24 in. CCL (K=l x 10-7 emfs) overlain by a 60 mil high density polyethylene 

(HDPE) geomembrane. Realistic values, based on the HELP Model User's Guide (Schroeder et 

al. , 1994 ), were assumed for FML material and installation quality ( one pinhole per acre, four 

installation defects per acre, and good, not excellent, FML placement quality). Again, 

evapotranspiration and runoff were dominant in the water balance for the design. Without a 

LCS, infiltration was reduced to 0.00095 in., or about 0.006 percent; however, there was in 

increa e in the liquid that went into storage (0.346 in. or about 2 percent) and an increase in the 

average head on the bottom liner. With the addition of a LCS, infiltration was reduced even 

further, to 0 .00059 in. LCS drainage increased to 0.0679 in., or about 0.4 percent. 

Based on the six open landfill simulations, annual leachate flux through the liner system 

ranged from about 0.00059 to 0.2276 in. A large gain in performance resulted from the addition 

of the FML. In all cases, however, the total volume of average annual infil tration through the 

liner system was relatively low, ranging from 826 ft3/acre down to 2.14 ft3/acre/year. 
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Closed Landfill HELP Model Results 

Twelve closed landfill configurations were evaluated with the HELP model to assess the 

effects of varying cover thickness and liner/LCS designs. Layer and climate data were kept 

consistent with earlier simulations except waste layer thickness was increased to 36 ft and the 

modeling period was increased to 50 years, to simulate steady state conditions. 

As previously noted and depicted in Table 3, evapotranspiration is the dominant factor in 

the water balance. For the 36 in. thick cover system, evapotranspiration accounted for the 

average annual removal of 16. l in. of liquid (approximately 95.5 percent). Increasing the cover 

thickness to 48 in. resulted in removal of 16.4 in. of liquid, or about 96.8 percent. Runoff is 

slightly higher for the 36 in. cover (0.267 in. versus 0.233 for the 48 in. cover). Evapo­

transpiration plus runoff amounted to 16.4 in. (97 .1 percent) for the 36 in. cover and 16.6 in. 

(98.2 percent) for the 48 in. cover. 

Table 3. Closed Landfill HELP Model Re ults 

Cover E.T. Runoff LCS Liner Flux 
Thickness Liner LCS (percent) (percent) (percent) (percent) 
36 in. 24 in. CCL No 95.6 1.58 0 2.36 
36 in. 48 in. CCL No 95.6 1.58 0 2.36 
36 in. 24 in . CCL Yes 95.6 1.58 0.00023 2.32 
36 in. 48 in. CCL Yes 95.6 1.58 0.00023 2.32 
36 in. 24 in. composite No 95.6 1.58 0 0.106 
36 in. 24 in. composite Yes 95.6 1.58 2. 11 0.016 
48 in. 24 in. CCL No 96.8 1.39 0 1.53 
48 in. 48 in. CCL No 96.8 1.39 0 1.53 
48 in. 24 in. CCL Yes 96.8 1.39 0.00015 1.50 
48 in. 48 in. CCL Yes 96.8 1.39 0.00014 1.50 
48 in. 24 in. composite No 96.8 1.39 0 0.072 
48 in. 24 in . composite Yes 96.8 1.39 1.39484 0.011 
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Similar to the open conditions landfill simulation, little difference was noted in CCL 

performance based on liner thickness or the presence or absence of a LCS . Again, the addition 

of a LCS provides little improvement, handling 0.00002 to 0.00004 in. or about 0.0726 to 0.145 

ft3/acre/year. When a composite liner is utilized, however, the LCS flow increases to 0.356 in. or 

about 1290 ft3/acre/year. Thus, it seems reasonable to conclude that an LCS provide almost no 

benefit and i thus unnecessary when using a CCL system; however, the usefulness of a LCS is 

clear and should be included when utilizing a composite liner system. 

Cost Estimates 

Estimating the cost of various design options is fairly straightforward; one imply adds 

the costs of a particular combination of design components. Project cost estimates are based on 

observations made during a16-year tenure at the North Dakota Health Department. The cost of 

soil for the landfill cover system is estimated to be $2.75/yd3
. The cost of CCL is slightly higher, 

estimated at $3.25/yd3
, due to the additional compaction requirements nece ary to achieve the 

hydraulic conductivity design specification of 1 x10·7 emfs or less. HDPE FML is estimated at 

$0.01 per mil thickness/ft2. Table 4 depicts the per acre cost for the various design components 

and Table 5 illustrates the performance differences for probable landfill designs. 

Table 4. Design Component Cost Estimate. 

Design Component Approximate Cost per Acre 
36 in. Cover System 513,310 
48 in. Cover System $17,747 
30 mil HDPE $13,068 
60 mil HDPE $26, 136 
24 in. CCL (K = 1 X 10-1 emfs or less) $10,486 
LCS (12 in. granular drainage layer) $0 (use bottom ash generated by plant) 
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Table 5. Design Performance and Cost. 

Cover system thickness Liner System Annual Liner Flux Cost 
(ft3/acre) (Acre) 

36 in. 24 in. CCL 1446. $23,796 
48 in. 24 in. CCL 937 $28,232 
36 in. 24 in. composite 9.66 $49,932 
48 in. 24 in. composite 6.53 $54,378 

Given the relatively minor increase in cost for a 48 in. thick versus a 36 in. thick cover 

system, a 48 in. cover is preferred due to its better performance when using a CCL. When using 

a composite liner, however, the overall improvement resulting from the use a 48 in. thick cover 

system is negligible; only about 3.12 ft3 less leachate passes through each acre of the liner per 

year. Accordingly, the additional expense of installing a 48 in. thick cover with a composite 

bottom liner system is probably not warranted. 

Based on estimated costs of materials and installation, a landfill with a 48 in . thick cover 

system coupled with a 24 in. thick CCL would cost approximately S28,232 per acre while a 

facility with a 36 in. thick cover system coupled with a 24 in. compo ite liner would cost 

approximately $49,935 per acre. The reduction in overall infiltration of approximately 938 

ft3/acre/year costs an additional $21,703, or about $23.33/ ft3
. A facility with a composite liner, 

however, would be constructed with a LCS that requires pumping and other maintenance 

indefinitely. 

Leachate Management 

When using a CCL, no leachate is collected for designs constructed with or without a 

LCS. Any liquid that infiltrates the cover ultimately becomes leachate and permeates the bottom 

liner. When using a 36 in. thick cover system and a composite liner, however, approximately 
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1290 ft3 of leachate would be collected per acre each year. If the leachate was not routinely 

removed, the waste layers would become completely saturated over time, creating the so-called 

"bath tub effect." For a 200 acre closed facility, approximately 258,000 ft3 (about 5.9 acre feet) 

of leachate would need to be pumped from the facility and evaporated, treated or otherwise 

disposed per year. Operation of the leachate collection system would be necessary in perpetuity. 

Managing a closed facility indefinitely results in undefined costs; this presents an untenable 

situation for most entities. 

Considering the originally propo ed designs, the preferred alternative would be a landfill 

with a 48 in. cover system and a 24 in. CCL. This option, however, results in the infiltration of 

approximately 937 ft3 of leachate per acre per year through the bottom liner, or about 2.57 

ft3/acre/day. Based on waste analyse presented in Appendix A, leachate concentration are 

expected to be on the order of 3000-5000 ppm total dissolved solid . Depending on the 

characteristics of the local groundwater (yet to be determined), the addition of the leachate may 

have negligible effect on groundwater quality. Contaminant transport modeling may indicate 

impacts to groundwater would be minimal; regardless, regulatory agency acceptance of the 

preferred design alternative may be difficult. As such, an additional design alternative i 

discussed below. 

Alternative Design Recommendation 

While not originally included in the design propo al, a landfill configuration with a 

synthetic layer in the cover system deserve some analysi . By greatly reducing infiltration 

through the cover system, very little leachate will be generated and thus leachate management 

becomes less an issue. The FMLs used in landfill cover ystems are generally thinner than those 
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used in bottom liner systems (30 mil versus 60 mil) since they are not required to re ist the heavy 

loading of the overlying waste. The cost of the FML used in a cover system is approximately 

half the cost of one used in a liner system. 

The design incorporating a FML in the cover system results in performance that is 

significantly improved over the non-FML design configurations. Evapotranspiration (98.4 

percent) and runoff (1.40 percent) account for a large majority (99.8 percent) of the annual water 

balance. Only 0.137 percent infiltrates though the bottom liner, which amounts to 83.7 

ft3/acre/year, or about 0.223 ft3/acre/day (1.71 gallons/acre/day). Estimated cost for this design 

is $41,300 per acre. There is no LCS and thus leachate management/treatment is not required. 

Table 6 includes the alternative design and depicts the performance and co t of each option. 

Table 6. Alternative De ign Performance and Cost. 

Cover system thickness Liner System Annual Liner Flux Cot 
(ft3 /acre) (Acre) 

36 in. 24 in. CCL 1446.5 $23,796 
48 in. 24 in. CCL 937.4 $28,232 
36 in. 24 in. composite 9.656 $49,932 
48 in. 24 in. composite 6.534 $54,378 
48 in. with 30 mil FML 24 in. CCL 83.7 $41 ,301 

The recommended design includes a 48 in. thick ET cover system incorporating a 30 mil 

FML and a 24 in. CCL bottom liner at a total estimated cost of $41,30 J per acre. A 48 in. thick 

cover system maximizes the storage and sub equent evapotranspiration of incident precipitation. 

When the soil layer is underlain by a 30 mil FML to further limit infiltration, the production of 

leachate is significantly reduced. Since no LCS is used with the CCL, perpetual leachate 

management in not a concern. The cost is $ 13,069 per acre more than the previously preferred 

design consisting only of soil components; annual liner flux, however, is reduced by about 91 
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percent. Total costs for the 202 acre facility with 15,000,000 yd3 of disposal capacity are 

estimated to be $8,343,000, or about $0.56 per yd3 of airspace. 

GROUNDWATER MONITORING SYSTEM 

General 

South Dakota regulations for groundwater monitoring at solid waste facil ities are 

specifically applicable to municipal solid waste (MSW) landfills. The DENR, however, may 

require other facilities to comply with applicable provi ions of ARSD 74:27: 10 (Groundwater 

Monitoring). Given facility size and wa te characteristics, it is anticipated that groundwater 

monitoring wilJ need to be addressed in the permitting of the proposed facility. 

The purpose of a groundwater monitoring system i to determine background or ambient 

ground water quality and to detect the migration of leachate constituents from a faci li ty. As 

such, wells must be located upgradient and downgradient of the disposal area, with a statutory 

requirement for a minimum of three downgradient wells. ARSD 74:27: 10 also indicates that the 

monitoring system must meet the requirements of 40 CFR Part 258 (also commonly referred to 

as "Subtitle D"), the federal regulation for MSW landfill . Since the proposed facility is not an 

MSW landfill, it is anticipated that the agency will take a hybrid approach in its view of 

groundwater monitoring. In particular, the groundwater parameter list for Subtitle D includes 

more than 60 organic compounds that are not pre ent in CCWs and thus are not relevant for 

facility monitoring. 

33 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'I 
I 

II 
I 

11 
I 
I 
I 
I 

Well Spacing 

A key feature of Subtitle D is the "relevant point of compliance", which is a down­

gradient monitoring well where samples are taken to determine if a statistically significant 

increase over background water quality has occurred. According to Subtitle D, the relevant point 

of compliance shall be no more than 150 meters from the disposal area, and must be located on 

land owned by the facility operator (40 CFR Part 258). 

Spreadsheet calculations incorporating a variety of groundwater gradients and aquifer 

hydraulic conductivities were completed to estimate groundwater flow velocities and hence 

travel times to downgradient wells. As depicted in Table 7, unless a contaminant source is 

located in an aquifer with a relatively high hydraulic conductivity (say greater than 1 x l 0·4 

emfs), or in an area with a high hydraulic gradient, it is unlikely (given estimated travel time) 

that a contaminant would reach a downgradient monitoring well 150 m from a landfill during the 

life of the facility, including the postclosure monitoring period (typically 30 years). The e 

simple calculations, however, do not account for impo1tant factors such as dispersion and 

retardation, which would result in a reduction in contaminant concentration at distance, or 

groundwater flow in fractures, which would result in a decrea e in contaminant travel times. 

A potential remedy to the issue described above is to move the downgradient wells much closer 

to the landfill boundary (for instance 25 m). Depending on the gradient and aquifer hydraulic 

conductivity, however, even a 25 m distance is no guarantee that contaminants will reach a 

downgradient well during the life of the facility. 
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Table 7. Travel Time to Downgradient Well. 

travel time to travel time to travel time to 
K (cm/s) dv/dh n 150 m well (years) 75 m well (years) 25 m well (years) 
l.OOE-06 0.1 0.3 1,430 713 238 
1.00E-06 0.01 0.3 14,300 7,130 2,380 
l.OOE-06 0.001 0.3 143,000 71,300 23,800 

1.00E-05 0.1 0.3 143 71.3 23.8 
1.00E-05 0.01 0.3 1,430 713 238 
l .OOE-05 0.001 0.3 14,300 7,130 2,380 

1.00E-04 0.1 0.3 14.3 7.13 2.38 
1.00E-04 0.01 0.3 143 7 l.3 23.8 
1.00E-04 0.001 0.3 1,430 713 238 

l .OOE-03 0.1 0.3 1.43 0.713 0.238 
l.OOE-03 0.01 0.3 14.3 7.13 2.38 
l.OOE-03 0.001 0.3 143 7 1.3 23.8 

As a contaminant moves through an aquifer, it is diluted by mixing with noncontaminated 

water, a process known as dispersion. Dispersion occurs along the groundwater flow path 

(longitudinal dispersion) and normal to it (lateral dispersion). Longitudinal di persivity appears 

to be related to scale; the larger the area of measurement, the larger the value of dispersivity 

(Gelhar, et al ., 1992). Tran verse or horizontal dispersivity is also related to scale, with values 

on the order of one-tenth of longitudinal dispersivity (Gelhar, et al. , 1992). The difference in 

longitudinal and transverse dispersivitie. gives rise to the elongated tear-drop shape of 

contaminant plumes. Moving monitoring wells clo er to the landfill boundary may provide for 

early detection, however, this may also result in lateral gaps between the wells that allow narrow 

plumes to move undetected. 

To addres this issue, USEPA software (Optimal Well Locator or "OWL" version 1.2) 

was used to visualize hypothetical plume characteristics in a number of aquife r flow . ettings. 
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OWL is a user-friendly program that uses typically available site data and simple algorithm to 

predict contaminant plume size and shape as a function of groundwater gradient, aquifer 

hydraulic conductivity, contaminant concentration, and time, among other variables. 

OWL is a simple model and is not intended to replace comprehensive groundwater flow 

and contaminant transport and fate models (Srinivasan, et al., 2004). The aquifer is assumed to 

be homogeneous and isotropic, with constant thickness. The contaminant source is assumed to 

provide a constant stream of dissolved contaminant from a vertical plane through the thickness of 

the aquifer. Plume concentrations predicted by OWL ( ee Appendix E) are based on the 

Domenico solution (Domenico, 1987) which has been adapted for two-dimensional tran port 

(Srinivasan, et al., 2004). 

OWL Modeling Results 

Figures 10 through 12 provide graphical representations of hypothetical plumes from a 

leachate release near the midpoint of the landfill. In all ca es, groundwater flow is from north to 

south, with a gradient of approximately 0.005. Effective porosity wa assumed to be 0.25, and 

longitudinal and transverse dispersivities were assumed to be 10 meters and 1 meter, 

respectively. Modeling will be updated using site specific information when it becomes 

available. 

The source concentration was a urned to be 3000 mg/1, which should give conservative 

results, since no parameter has a leachate concentration greater than 1000 mg/I. Accordingly, the 

model results should show "worse than worst case" contaminant transport results. The OWL 

simulations were conducted at hydraulic conductivitie of 3.15 meters per year (about 1 x 10-5 

cm/sec), 31.5 meters per year (about 1 x 10-4 cm/sec), and 315 meters per year (about 1 x 10-3 

cm/sec) to provide some insight into a range of hydrogeologic settings. 
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The color-coded contour intervals depicted in the OWL contaminant plume simulations 

are on a logarithmic scale; the two highest intervals are yellow, indicating a concentration 

increase of 10 to 100 mg/1, and red, indicating an increase of 100 to 1000 mg/1. If ambient 

groundwater concentrations are on the order of 1600 mg/1, it is likely that an increase of 10-100 

mg/1 in a downgradient monitoring well would be attributed to temporal variations in 

groundwater quality, and not a release. An increase of 1000 mg/1, however, would undoubtedly 

be viewed as a significant increase. As such, only areas of the OWL plumes shown in red are 
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Figure 10. OWL Plume, K = 315 meters per year. 
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Figure 11. OWL Plume, K = 31 .5 meters per year. 
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Figure 12. OWL Plume, K = 3.15 meters per year. 
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likely to be detected through a site monitoring program. The yellow, green, blue and violet areas 

of the plume, while exhibiting an increase, would not likely be deemed a statistically significant 

increase or cause for concern. 

Given an analysis of groundwater transport times and an analysis of disper ion with the 

OWL model, it is apparent that only a contaminant source near the downgradient boundary of the 

landfill would be detected. If other areas within the landfill boundary were to leak, they would 

not be detected within the life of the facility and postclosure care period. Plume widths depicted 

by the OWL model are on the order of IO to 20 m; the downgradient landfill boundary width is 

approximately 700 m. As a result, between 35 and 70 downgradient wells would be needed to 

provide complete coverage. Given the characteristics of the waste and the relatively low 

probability of severe impacts, however, this number could likely be reduced; many agencies 

default to a 100 m lateral spacing between downgradient wells. 

Based on the hypothetical landfill layout and groundwater flow regime depicted in this 

de ign study, the recommended monitoring network consists of the followings: two upgradient 

monitoring wells; two side-gradient monitoring wells along the east and west sides of the landfill 

(total of four wells); and, 10 downgradient wells with a lateral spacing of approximately 70 

meters located a maximum of 25 m from the landfill boundary. The 202 acre site would be 

monitored by a total of 16 wells. 

Parameter list 

Based on a review of the waste leaching test data (Appendices A and B), a suite of six 

"indicator" parameters (calcium, sodium, boron, sulfate, bicarbonate and chloride) are 

recommended for the groundwater monitoring program. Many monitoring plans (including the 
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groundwater monitoring provisions of Subtitle D) place emphasis on trace metals; however, the 

extremely low concentrations (less than 1 milligram per liter) of theses parameters in leachate 

would make them es entially undetectable. Instead, the propo ed monitoring parameter are 

present in concentrations up to several hundred milligrams per liter. 

Up- and downgradient wells would be sampled and analyzed semiannually for the life of 

the facil ity and the anticipated 30 year po tclosure care period. After background water quality 

has been e tablished (typically eight sampling events), the monitoring results would be analyzed 

using Shewert Cumulative Sum (CUSUM) Control Charts to detennine if a statistically 

significant increase of any of the indicator parameters ha occurred in a downgradient well. 

CONCLUSIONS 

Solid wastes generated through the operation of the boiler and associated plant air 

pollution control systems would be disposed at an onsite 202-acre landfill with 10 percent slopes. 

The proposed facility would manage approximately 685 tons of waste each day; a design 

capacity of 15,000,000 yd3 is required for the anticipated 50-year life of the landfill. 

The recommended design includes a 48 in. thick ET cover system incorporating a 30 mil 

FML and a 24 in. CCL bottom liner; estimated costs are $41,301 per acre. The cover system 

maximizes the storage and evapotranspiration of precipitation and limits infiltration. Since no 

LCS is used with the CCL, perpetual leachate management in not a concern. The co t i 

$13,069 per acre more than a design consisting only of soil components; annual liner flux , 

however, is reduced by about 91 percent. Total cost for the 15,000,000 yd3 disposal facility is 

estimated to be $8,343,000, or about $0.56 per yd3 of airspace. 
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No site specific hydrogeologic information is available; important characteristics such as 

hydraulic conductivity and hydraulic gradient are not known. Calculations using a range of 

aquifer parameters and the gradients were completed to provide an envelope of contaminant 

travel time values. US EPA Optimal Well Locator (OWL) program was used to account for the 

effects of dispersion in determining the lateral spacing of well . Based on the calculations and 

modeling discussed above, the site would be monitored by 10 downgradient wells located a 

maximum of 25 m from the landfill boundary with a lateral spacing of approximately 70 meter . 

Two upgradient and four side gradient wells would provide additional information on aquifer 

gradient and background water quality. Based on waste leaching test results, six "indicator" 

parameters (calcium, sodium, boron, sulfate, bicarbonate and chloride) are recommended for the 

groundwater monitoring program. Monitoring wells would be sampled and analyzed 

semiannually; results would be analyzed using Shewert Cumulative Sum (CUSUM) Control 

Charts to determine if a statistically significant increase of any of the indicator parameters has 

occurred in a downgradient well 
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1126 N. Front St. - New Ulm, MN 56073 - 800-782-3S57 - Fa 507-359-2890 8 MINNESOTA VALLEY TESTING LABORATORIES, INC. 

141 I S. 12th St. - Bismarck, ND 58502 - 800-279-6885 - Fax 701-258-972<1 "' I! M a E A 
3S W. Lincoln Way - Nevada, lA 50201 - 800-362-0855 - Fu 515-382-3885 ~':iiili 

www .mvtl.com 2P 

Page : 1 of 2 

Report Date: 27 Apr 07 
Jim Berg Lab Number: 07-M6l.7 
Basin Electric Power Cooperative Work Order ll:81-425 
17l.7 E . Interstate Avenue Account #: 002040 
Bismarck ND 58503 Date Sampled: 

Da te Received: 5 Apr 07 16:00 

Sample Description : Unit l Fly Ash 
Sample Site: Laramie River Station 

1U R•c•ived. 
Result 

pa u. 0 unita 
Specific Conductance lHS ""'1loa/c:a, 
Total Alkalinity 1 80 rr.g/l CaCOJ 
Phenolphthalein Alk 138 1119/l CACOJ 
Bic arbonate < 4 "'9/l CaCOl 
Carbonate a. rng/l CilC03 
Hydroxide 696 mg/ l Ca.CO) 
Tot Die Solida(Summationl as, mg/1 
TOt&l Hardness as CaCOl 40 1n9/l 
ll•rdn••" J.n gn.ina/gallon 2, . 3 gr/gal 
cation summation 17.l meq/1. 
Anion Sumation 1' .o .,.q/L 
Percent Ei-ror 3 . 46 ' Sod1um Adaorpt ion R<ltio 3 . iC 
Radium 226 < l pCi/l 
TOtal Organic Carbon < 0 .5 '"9/l 
Fluorida J.H tng/l 
sulfate H.O mg/1 
Chloride 2 . , mg/1 
Nitrate-Nitrice as N o.n tng/1 
NM>On1a·N1trogen as N 0. 55 mg/l 
Phosphorus as P - To tal < O. l rng/l 
Mercury · Total 0.0003 mg/1 
Chemicill O><ygen Demand < l mg/1 
Calciun\ - Total 180 mg/1 
Magnesiu• · Total < 0. 5 lflg/l 
Sodium • Total 116 mg/l 
POta&sium - Total 1 8 . J mg/1 
Al um i num · TOtill 5.69 mg/l 
Barium • TOtol 7 . 62 ffl'J/ 1 
Berylliua, · Total < 0.01 mg/1 
C.da\ium · Total < 0.0l. Ol'J/l 
ChrOfflium • Total < 0 . 05 .. g / l 
Cobalt· Total < O.l mg/1 
Copper · To tal < 0.05 mr,/1 
I ron • Total C 0.1 mg/1 
Manganeae - Total , o.os mg/1 
Mo lybdenum· Total < 0.1 mg/1 

k'- • ""41:tMd R•pon:hg t. lwlit 

&htv•t•d 'IAH Th.an u•ult• 1-d : • • ~ • t <> u mpl.e ana.trix 
1 • DI.le to n~l• if\i».nt1.ty 

C> • WD-0001' 

PO #: 492l.62 

M•t.hod Method 
Rl, lte(erencc 

N/ A SNt500 H• B 
N/A SN251.0•l! 

SMlJ20 • B 
4 SM2320 ·8 
4 SNH20·B 
4 SM2J20•B 
0 SM2320· 8 
NA SM103 0 · F 
llA SMJHO·B 
NA SNJHO•B 
llA SlUOJO·P 
NA S1'!1030·F 
llA !lMlOJO - B 
NA USDA 20b 
l 
0. 5 SM5Jl0 · C 
0 . 10 $1'14 500·F· C 
5.00 l!PA 3 75. 4 
l. 0 SM4500·Cl·I!: 
0 . 10 2PA JSJ,J 
0 . 10 ICPA 350 .l 
0.10 8PA 355 . l 
0 . 0002 EPA 2-lS.l. 
l. C HACH aoco 
o.s ,010 
0.5 6010 
0 s 6010 
o.s 6010 
0 .10 601 0 
0 . 10 6010 
0 . 01 6010 
0.01 6010 
0 .05 6010 
0 . 10 6010 
0 . 05 6010 
O. lO 6010 
o. os 6010 
0.10 6010 

t • !lu• t.o aans,1• C:Or.ceatR~l.00 
• • l>ue to P tl'. ilet YOl\..M 

Date 
"114~,~ed 1>..,alyst 

lO Apr 07 lS: 38 Rlcl< 
lO Apr 01 15:38 Rick 
lO Apr 07 l5,ll Rick 
10 Apr 07 15:38 Rick 
lO Apr 07 lS , 38 Rick 
10 Apr 07 15:38 Rick 
10 Apr 01 15 : 3 8 Rick 
11 Apr 07 9:3 1 calculated 
13 ;;pr 07 H : 5 4 Cal c-ulated 
l3 Apr 07 14 :54 CalcuJ.ated 
l3 Apr 01 14: 5 4 Calculated 
17 Apr 07 9 : l 7 Calculilted 
11 Apr 07 9 :3 7 Ca.lcuJ.ated 
13 Apr 01 14 :5, Cal cu.h t.ed 
2J Apr 07 13 : 59 
l3 Apr O? 8:00 JtUi&e 

10 Apr O? 15 : 38 Rick 
1. 7 l\pr O? 9 : 37 Rick 
ll Apr 07 10:05 Morgan 
12 Apr O? l0 : 00 MorgilD 
ll Apr 07 l4 : 15 Morgan 
1l Ap r 07 14 : 30 l'lo~gan 
lJ Apr 07 9 : 00 Er.le 
l O Apr O? ~l ,00 Jess-e 
l3 Apr 07 l4, 5 4 Stacy 
13 Apr 07 l4: 54 Stacy 
ll Apr O? l4 :54 Stilcy 
n }q)r 07 l4 ,54 Stacy 
ll Apr 07 8 : 4 6 Stacy 
lJ Apr 07 B: 46 Stacy 
n Apr 07 8 : 46 Stacy 
l.l l'.pr 07 8 : 4G Stacy 
13 Apr 07 8: 4 6 St.Acy 
13 Apr 07 8:46 Stacy 
ll Ap r 07 I : 46 Stacy 
lJ Apr 07 8 : 4 6 Stacy 
l ) Apr 07 8 , . , Stacy 
ll Apr 01 B: 4 6 Stacy 

MYTL ........... tkaac.nr..c:yolU....tyri,._, .......... ,.._tftd for •lri>I- 11 U .. ,ot,tWc fw MVn. u. ,....__ffr1 1.t .1 ... t N.nlt.tilltliN4 .. • ·p.rntel"' ._,.. -.111 bt 1M , ... 0 11 Mt e<J.i •••,a• •aJu, 
&11~1lf.tttiq~1aaplllatelk..,.., i.acJv.die1 1..,UacbyVVTl...At a -»T'Nl~oet.elllou.L\c ,-.Jk:ud.ooncJ..._allNfl'Of111R 1*a.11&01• •*...tl.Lkat,ilJ1fopwry '1lclJ•U..Md •Wklri, ,.._ 
kr~ of~ ClOM:tf.eaoM • cutMtl!ream ~ .a owrr.,.u '•™"""" pqfit.&ow wrlllra ~l'(on L 
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1126 N. Front St. - New Ulrn, MN 56073 - 800-782-3557 - Fax 507-359-2890 8 MINNESOTA VALLEY TESTING IABORATORIES, INC. 

1411 S. 12th St. - Bismarck, ND 58502 - 800-279-6885 - Fax 701-258-9724 M • u • s. 11t 

35 W. Lincoln Way - Nevada, IA 50201 - 800-362-0855 - Fu 515-382-3885 tliiHI 
www.mvtl.com a.-•-•-•--w-w-• 

Jim Berg 
Basin Electric Power Coopera tive 
1717 E. Interstate Avenue 
Bismarck ND 58 503 

Page: 2 of 2 

Report Date: 27 Apr 07 
Lab Number : 07-M617 
Work Order # : 81- 425 
Account#: 002040 
Date Sampled : 
Date Received : 5 Apr 07 16:00 
PO #: 492162 

Sampl e Description: Onit l Ply Ash 
Sample Site : Laramie River Station 

Method Method Date Ju Received 
Reault: RL Reference An6lyzed 

Zinc - Total 
Boron · Totel 
Antimony • Total 
Arsenic - Tot:.al 
Lea d • Total 
seleni um - Total 
Silver· Tot.al 
Thallium - Total 
Vanadium - Total 
ura.nium 
pH (Shake Extraction) 
, Solids (Shake Ext . ) 

0 . 14 
0 .3' 
< 0 . 002 
< 0.002 
< 0.002 
o.oost 
< C. 01• • 
< 0 . 002 
0.0053 
< 0 . 002 
U .6 
99 . 8 

.. g/l 

.. g/1 
,ng/l 
,ng/1 
r.g/ l 
mg/l 
,n,g/1 
.. g/l 
.. g/ l 
,nq/l 
Wlit8 

o.os 
0 . 10 
0. 0020 
0 . 0020 
0 . 0020 
0 . 0020 
0 . 0010 
0 . 0020 
0 . 0020 
0 . 002 
0 10 
0 . 10 

,010 l l 
, 010 ll 
6020 16 
6020 u 
6020 l6 
,020 17 
6020 l6 
, 020 16 
, 020 16 
6020 16 
ASn1 D3987 10 

l.O 

l analyses were performed on the extract !rom AS'n1 Method 3987 with a. modified solution t o 
lic1.s r a.tio of l : l. 

•• Silver was r eported at ICP Reporting Limits tor historical purposeo . 

Zla vac.-4 •L._.• Than b•\llt• (d, • r D.l• t.o •~l• 1Uie1dJt 
t • ni. to u~h q\Unti ty 

• • Due to •h'Pl• coneant.rH ion 
• • Du.e to eirtr&ct vol'IZM 

Apr 07 
Apr 07 
Apr 07 
Apr 07 
Apr 07 
Apr 07 
Apr 07 
Apr 07 
/\pr 07 
;,,pr 07 
Apr 07 
Apr 07 

AnAlyat ... , Sta.cy 
,:54 Stacy 

16:42 Cla.udet.te 
16 :42 Cla.udatte 
16 :42 Cla.udet:te 

9 ,25 Claudette 
16 :42 Chudette 
16: 42 Cla.udette 
1 6 : 42 Ch.udet. t e 
1 6 : 42 Claudet.te 
l.O : JO Shan:,on 
l.0:30 Sh&llllOD 

Mvn., IJ'llf..,._.IMacnnq.tQa ..a;,.1'd0Mo.1M aapl,1 111.,attadf-or"~. h 1Ja01 pottl.Wf f• MVT'-lofi*UtN 1..a:at.ut,ash ~ oa , ~&u .am.,i. wlD '--0...._ .... uJ cadi:w w cpJs-.ka 
tllcoadi~ .treau.stM ~ hlk -.. lad1.lduit.••, li•1 ~1MVTL1u • aitrw ~ t•cl-aa.. ... ,.._-' ....r ..... all ,,.,.na.,. ..-...,u., u IM~af"f"tr ~.U..U. tld tduiaU& 
to, ps1w.e.ti .. ol nt.•.-M&. coeel•lio• « ••ir.h tr.• • n:pni-, OIM' "'°"' ii ffllftT14 ,-4-s ow wrtua , pprolf'U. 
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MINNESOTA VALLEY TESTING LABORATORIES, INC. 
1126 N. Front St - New Ulm, MN 56073 - 800-782-3557 - Fu 507-359-2890 
1411 S. I2rh St - Bisma.rcl, ND 58502 - 800-2?9-688S - Fax 701-258-9724 M •Ma • " 
35 w. Lincoln Way - Nevida, l~.:~tlc:za·362-0855 - Fax 515-382-3885 l(jD·ll*lliiil-&11 .. 1. 

Sample Number : 07-M614 

Jim Berg 
Basin Electric Power Cooperative 
1717 E . Interstate Avenue 
Bismarck ND 585 0 3 

Sample Descripti on: Unit 1 Fly Ash 
Sample Site: Laramie River Station 

*MIHRRAL .ANALYSIS or ASH• 

Report Date: 4/23/07 

Work Order#: 81 - 424 
P .O. II: 4.92162 

Date Received: 4/ 5/07 

------------- ------------------ ---- --- ----------- --------- --- ---- --- ---- ----- -------
Aluminum Oxi de in Ash 15 . 54 wt . \ 
Barium Oxide in Ash 0 . 62 wt . t 
Calcium Oxide in Ash 2 6 . 0 5 wt . t 
Iron Oxide in Ash 5 . 79 wt . ' Magne sium Oxide in Ash 5 . 68 wt. \ 

Manganese Dioxide in Ash 0 . 03 we . \ 

P205 in Ash 0. 80 we . t 
Potassium Oxi de in Ash 0. 32 wt . t 
Silicon Dioxide i n Ash 35 . 23 wt . t 
Sodium Oxide in Ash 2.09 wt . t 
Strontium Oxide in Ash 0. 4 1 wt. t 
S03 i n Ash 1 . 58 wt . t 
Titanium Dioxide in Ash 1.1!, wt . t 

Approved By: 

MYn...-- lkat"1'1C)'ef .. M .. ., .. icM .. lk..-,i. .... tldfot "-ltlt11. Jlk.orpott"i.it.forMV1\. to 1ut11MN dw e-.Tl'*-ftlt6Mf. ..... _ . ,.,,icvlM ....... wUl k1.ia, .... .. .. , .. ku....,::. .. .:.., 
1,U «.~ I •ffectbt ~ , ...... M"t die "91-. lMt..dlq te.pti.ac '1 W.VTt.. AJ a ....-1....-lioa W ~ 6.t ,..W.lc uil. ...awtt. ill ,.,_._ ua r=ml-JM a1. IMcaf\&1:aHll propattJ of chatl, a.ad ...-i...:..• 
for~- fll ...._.., ~ or UUMU ma o, nt..e.al om n,oN I• r.W"l'd ,.Mi.ta ow •NIWII .,,,-.w. 

AN J:QUAL OPP0JlTI/N1J'1' ZMPLOYBB 
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1126 N. Front St. - New Ulm, MN 56073 - 800.782-3557 - Fu 507-359-2890 S 
MINNESOTA VALLEY TESTING LABORATORIES, INC. 

1411 S. 12th St - Bismarck, ND 58502 - 800.279-6&85 - Fax 701-258-9724 M II Ma E,. 
35 W. Lincoln Way - N~ada, IA 50201 - 800.362..()855 - Fax SIS-382-3885 t.4,iall 

www.mvtl.com .... ;;;;;;.,..• 

Jiro Berg 
Basin Electric Power Cooperative 
171, B. Interstate Avenue 
Biamarck ND 58503 

Sample Description : Uni t #3 Bottom Ash 
Sample Site: Laramie Ri ver Station 

pH 
spec1!1c Cond.uctanea 
Total Al.kaliolty 
Phenolphthalein Ill~ 
Bicarbonate 
carbonate 
Hydroxide 
Total Diaaolved so.lid• 
Total Hardness•• C4C03 Hardn••• in grai11B/iallon 
Cation SwmN1tion 
Anion summation 
Percent Error 
Sodium Ad~orp~i on Ratio 
JladiUIO ~26 
Uranium 
Total orsan.ic CarbOn 
Fluoride 
Sulfate 
Chloride 
Nitrate-Nitrit e aa N 
Julllnonla · Nltrogen a.a B 
Phosphorus as P - Total 
Mercury - Total 
chemical Oxygen Dellland 
Calei.1.1111 • Total 
Hagnesium - Total 
Sodiwn • Total 
Pot•••iu~ - Total 
AluminUl"II - Total 
Bu:ium • 'tor.al 
BarylliurD - Total 
CadlniUIU - Tota.l 
ChrOfflium • Total 
Cobal t • Total 
Copper - To tal 
Iron - Total 
1'1&nganeae - Total 

A• Reeelved 
Re su lt 

11 . l. 
2lll 
3U 
258 
< 4 
180 
168 
1350 
132 
7 . 11 
20 . 4 
22 . 0 
•3 . 84 
H . 6 
3. 2 +/ • 
< 0.002 
J . I 
< 0.1 
530 
138 
1 . 42 
0 . 15 
O. lS 

units 
ulllboa/e111 
mg /1 c .. co1 
mg/1 C&COl 
mg/l CaC03 
mg/ 1 CaCOl 
mg/1 0&003 
mi / l 
ffl:J/1 
gr/ gal 

' 

< 0 . 000;! 
ll . 7 
52 . 8 

0.6pC1/l 
mg/1 
mg/l 
mg/1 
n,g/ l 
,ng/1 
mg/1 
,ng/1 
n,g/1 
mg/1 
mg/1 
mg/1 
mg/ 1 
mg/1 
,ng/1 
rng/1 
mg/l 
mg/l 
,ag/1 
m11/l 
Olg/1 
lll(J/1 
mg/ 1 
mg/1 

< 0 . 5 
388 
33 . 0 
76.6 
0 . 36 
• 0 . 01 
• 0 . 0 1 
0 . 20 
'Ill; 0.1 
• 0 . 05 
• 0. 1 
< 0 . 05 

llavatad • t.eH Than Re1ult• c .. } 1 • • Dt.i• t o u ·aple- l!Wl t.rh: 
t • cue t.o aaniplt qaant i tY, 

JIU, aro-aoou 

Page: l of 2 

Report Date: 26 Sep 05 
Lab Nulll.ber: 05-Ml554 
Work Order #:81-762 
Account#: 002040 
Date Sampled : 
Date Recei ved: 1 Sep OS 14:40 
PO lt: 492162 

Method 
RL 

N/A 
H/A 
4 

' 4 

' 0 
NA 
NA 
NA 
HA 
NA 
NA 
HA 

. 0 . 0020 
o.s 
0.10 
5.00 
l. 0 
0 . 1 0 
0 . 10 
0.10 
0 . 000 2 
1.0 
o.s 
o.s 
0 .5 
0 . 5 
0 . 10 
0 . 10 
0 . 01 
0 . 01 
o.os 
0 .-10 
0 . 0 5 
0.10 
0 . 05 

M&thod 
Reference 

SMtSOO H+ B 
S1<2Sl0·B 
SM2nO•B 
SM2320-B 
SM23:ZO•B 
SM23'.20•B 
SMU20•B 
llPA 160 .l 
SM2J40B 
N/A 
N/A 
N/ ,. 
?I/,. 
N/,. 

SHSllO- C 
SM4500• 1'• C 
8Plt. 3 75 . 4 
SM4500 ·Cl·ll 
SM '500·N03P 
SH4SOO-NH3•H 
SM4 500-P• I' 
l!PA 245 . .l 
KACH 8000 
6010 
6010 
,010 
6010 
6010 
6010 
6010 
6010 
6010 
6010 
6010 
6010 
6010 

I • ~ to •..Plt e:ort...-cntruioc. 
• • DI.la to ••t.ract. ~ .h ... 

Oat• 
llOalyaed 

2 Up 05 
:z lep o, 
, Sep OS 
, Sep 05 
5 Sep 05 

' lap 05 
6 Sep OS 
7 Sep 05 
7 Sep 05 
7 Sep OS 
8 Sep 05 
7 Sep 05 
S Sep 05 
7 Sep 05 
, sep os 

22 Sep 05 
I Sep 05 
6 Sep 05 
7 Sep 05 
7 Sep 05 
2 Sep 05 
2 Sep 05 
, sap 05 

12 Sep 05 
U Sep 05 
7 Sep 05 
7 Sep 05 
7 Sep 05 
7 Sep 05 
8 Sep 05 
8 Sep ~5 
8 Sep 05 
I Sep o, 
8 Sep 05 
I Sep OS 
0 Sep 05 
8 Sep OS 
I Sep 05 

U1'5 
1,: 45 
14 : 15 
141 LS 
l4 : l5 
14, 15 
14: l5 
15 : 00 
13 124 
13 124 
10 : 01 
15 , 00 
10:01 
13 ,24 
l4: 30 

9 : H 
8 100 

14 : 15 
12,30 
15 : 00 
16 100 
14 ,10 
14 :15 

8:30 
8 130 

11 , :u 
u, ::a 
13 ::H 
13 124 
10:01 
10 : 01 
10,01 
1 0 : 0 l 
10:01 
10,01 
10: 01 
10:01 
10:0l 

Analyat 

Oeb 
Deb 
Deb 
Deb 
Deb 
Deb 
Deb 
calculated 
Cdculat..i 
cal culated 
CalculHed 
Cal culaU<! 
Ca lculated 
Ca lculated 

Claudette 
Wayne 
Deb 
Brandon 
Brandon 
Bra.ndon 
Brandon 
Brandon 
Bri c 
Wayne 
Stacy 
Stacy 
St:acy 
Stacy 
Stacy 
St:acy 
Stacy 
Stacy 
Stacy 
Stacy 
Stacy 
Stacy 
Stc,cy 

M YTL llfllfHICff lb.e.M.tllTI C)'el tbl: 1n.J1•l•C:OM OIi th• \Mlpll WIUnllLl-d fo, k l l'it11, h h 1101 pOlllblc (ot WVTI.. IO (Vlml1N lhll . Will re wit obu[ft-4 QA• 11n lcwlM11mpl• w•I be, tM N.fl'.11 QII ..,.CMk'r .. pl• alt» 
f.11 toh!J~lont •fl't:r,t,, 1M 1aq,k wc.1h, u1ue;.i,,clvitlHt •~i11.1 , , MVTL. A•• m11b11.I ~"'- te diuu. !AC p.iblic ~ "fut ,o. ,JI ,eporu .,, u1\lmJ1ld u l1w , .oufi•a.tia fl"'jli*t1J ofcl litnh, •IMI ... ~m 
(I>( p~lc.-klft •f lllU*'tll,, « ad•~ W U U'NII trwa .. '1&trdlftJ ... , r.lX)(1t it l t:Mll"'llli .... laf our writt• tlPP"" tJ, . 
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1126 N. Front St - New Ulm, MN S6073 - 8()().782-3557 - Fax 507-359-2890 8 
MINNESOTA VALLEY TESTING LABORATORIES, INC. 

H U S. 12th St - B.is.marck, ND 58$02 - 800-279-6385 - Fu 701-258-9724 '"'.I i=.&•i 
35 W. Lincoln Way - Nevada, IA 50201 - 800-362..0&SS - Fu StS.381-3885 n.\it•II 

www .mvtl.coro .,.-..,;a:;;;11,11,1• 

Jim Berg 
Basin tUectric Power Cooperative 
1717 E . Interstate Avenue 
Bism&reK ND 58503 

·page: 2 o f 2 

Report Dat e , 26 Sep OS 
Lab Number : 05 - MlS 54 
work order #:81· 762 
Account# : 002040 
Date SalJ!Pled : 
Date Received: l Sep OS l4 : 40 
PO if : 492162 

Sa111Ple Description: uni t #3 Bottom Ash 
Sample Site• Larami e Ri ver Station 

Holybdem,a • Total 
:Zinc: • 'l'Ot&l 
110..-on • Total 
Ant.iaon y • Totll 
~-•a.ic: - 'l'Ot;;al 
Lead • Tot..l 
seleni um· Total 
S:llver • Totai.l 
'J'.balii - - Tot 4l 
'Van&d!.Uffl; • TOtal 
})II (ilbak• ht.r:lic:t i on) 
t Soli d• (Sl>.ake. ¥Xt . ) 

,.., ileceived 
ltHUl t 

0.::12 
0 ,1J 
Cl .11 
< 0 . 002 
O. QD4, 
~ 0 . 002 
CI .OUl 
< 0 . 01H 
< 0 . 002 
0 . 006 
11.2 
n .2 

1119/1 
fir'j /.1 
'NJ/1 
ll!g/ l 
1119/ l 
mg / l 
fl>l!Jll 
m,g/1 
me/1 
rr,,g/ 1 
unit• 

~tbod Met.hed 
Rl, .aetu·e1u:e 

0 . 10 fiGlO 
o.os , 010 
0 . 10 6010 
0 , 1)020 f020 
0 . 0020 f020 
0 . 0020 6020 
0 . 0020 ,020 
0 . 000:ZO , 020 
o. 00:10 '°20 
0 .. 00 ;!0 020 
0 . 10 ASTM !)3987 
0 . 10 

Ul ..-1yae1 we,r• perto~ c1 on the utraot tr°"' AIM'M Method 1>3'87 1 
aodifiedi with • eol ut.ion, t.o • o U cl r•tio o: t: l . 

... Silver WiH reported a t l CP R~t!ng Lilll:itii to, l1J.1Jtoricu pw:;poH• . 

at. ... liltttlu,• . .. _. .. un9 Ll.ai.t 

.lla¥a·lad •t.t .. '!li&A h•lalL1 (ot, • e • OiHt C.0 #'ll!lp.l , NUiM 
~ .. ~ t.o aa&)la ..,,.,,rttr 

• • PY, to umpl• ~ rat.ic:f\. 
• <Iii C>.14 t.O -•~tfK\ 'ltll"1fflllt 

b&te 
Allaly,:e<i MAlyat 

, sep os lO;Ol s~aey 
g Sep OS 10 , 01 S.t:aey 
, Sep 05 ,,s, Stacy 
7 S ep 05 10, 40 cl a'Qc1ett e 
7 Sep OS l 0 r 40 C1:aaudette 
1 Sep CIS 10,40 Clau.de.t te 
7 Sep OS 10 , 40 C1aud•tttt 
7 .Se;;> 0.5 10 , , 0 Cl;iiudett.e 
7 Sep 05 10, 40 Cbudet.t;e 
7 Sep OS l.0 : 40 Claudett.e 
2 Sep OS , ,u Cl &Uc1etU 
l Sep 0$ 1 6 100 Cl :aaudatta 

MYT\.~~..,,..._,. t!'f'f11tWF7Qf 'thc~•ia~M'li&1~ 1utwa-ihe,tkr,1uc..q ... 111uKpomMl fwattV1'\.klp'""1" ,._ , ._._..~ ... ,.ni.«llwu-,t• -il1 h .o4t , UN01tMP."ttl~•-.R?f• 1Mt>llH 
J#~~im.1-c;W n ~trrN.• 1otlh .. lA(JWIO.nrf~lt'fMVTl.41 1.miilll.llpc-a1teU,.tt ·l• lfl...U.UtfM'-'•~ktMl'tt'--*8tqllilhv.e,N,-.utd u t11tcot\lidnlJa1~t1,of r\,,uti. ·••H~i .. .,_• 
f• ,..IWKC .... 4'f Wl#•#l4'.C.t. _.w,.,NMn et U..U,,UUll'~nl at lt ...... <NJnrpo,i l Rll!le:t"Wflt fl'Nl'it1.I CMR' wwiflAlll ~ ¥•1 

AN EQUAL OPPOR'J'UJ\111')' l!:MJ'LOYlfll. 
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1126 N. Front Sc. - New Ulm, MN 56073 - 800-782-3SS7 - Fu 507-359,2890 8 MINNESOTA VALLEY TESTING LABORATORIES, INC. 

141 l S. 12th St. - Bismarck, ND 58502 - 800.279-688S - Fax 701-ZSS.-9724 M •Ma Ii" 
35 W. Lincoln Wiy - Ncvad., I~~C:~362-0855 - Fu 515-382-3885 $Mil 

sample Number: 05-MlSSS 

Jim Berg 
Ra.sin Electric Power Cooperative 
1717 E. lnteratate Avenue 
Bismarck ND 58503 

Sa.inpl e Description; unit #3 Bottom Ash 
Sample Site: Laramie River Station 

Al1,J.minwn ox:ide in Ash 
Barium Oxide in Ash 
cal cium Oxide in Ash 
:Iron OX1de in Ash 
Magnesium Oxide in Ash 
Manga_neae Dioxide A.ah 
Phosphorus Peptoxide 
Potassium oxide in Ash 
Silicon Dioxide in Ash 
Sodium oxide in ASh 
St:rontiu111 Oxide in Ash 
S03 in A.ah 
TitaniUli\ Dioxide in Ash 

Approved By : 

Work Order#: Bl-763 
P.O. lh 02162 

D~te Received: 9/ 1/0S 

8 , 13 wt . 1r 
0.56 wt. :t 
24.36 vt; . .. 
6 . 99 wt. .. 
6 .. 30 Wt . I 
0.05 wt. .. 
0.57 wt. .. 
O. S6 \lit . I 
47 . 90 wt . ' 1 . 99 wt . ' o.•2 wt . I 
o.~o wt. I 
1.49 wt. ' 

i:tvfl.1,~1U>c-.etKM)'OtilM.w!~di.wiit.4Jl~Wll(9M4ftsaitliildi9tk'Jll.,. J~lil,wl'i2"'tl-t.t)(VTl,.~pK..~·~,~·ltc.,.,fl~d~:i>,-ut.1··~kw41J tl)f;fttt,~1n.M9" ~l..-t~U}f.K 
• Uftllditiotlf. •l'ffd:111 ~ NWJ~eut Uittt1M.i.i.dn, ••pl"'i ~J MVTL.A.1:t 1N1lu.11ntitc:H•10dl,Hl&,1.k p;,.ffk udMl'lliti1t"t:Lill...-,t&an ..UUn~.i "tt..nnf~lat~«•...,_ a,d ....-h-iw,;." 
fi.c plllka£M11•t U,tti:in«wi.1. r;_.&i•-'• ft.!A!;;'lf I"'""• .. ,Jllilillt "' rtJIQf1,. • rc•rml: ,_.,_ ov "rt"° •fJl"O\ .. I. ' 

' 
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*************************************** ************* ******** ***************** 

******************* ***** *************** ************************************** 
** 

** 
** 

** 
** 

** 
** 

** 
** 

** 
** 

** 
** 

** 
** 

** 
** 

** 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 

HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) 

DEVELOPED BY ENVIRONMENTAL LABORATORY 

USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

***************************************************************************** 

***************************************************************************** 

PRECIPITATION DATA FILE: 
TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTRANSPIRATION DATA : 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE : 

C:\DOCUME-l\K\DESKTOP\HELPMO-l\USER\SELP.D4 
C:\DOCUME-1\K\DESKTOP\HELPM0- 1\USER\SELT.D7 
C: \ DOCUME-1\K\DESKTOP\HELPMO-l \ USER\SELRAD. D13 
C: \ DOCUME-1 \K\DESKTOP\HELPMO-l\USER\SEL48EV.Dll 
C:\DOCUME-1\K\DESKTOP\HELPMO-l\USER\4CL1.D10 
C:\ DOCUME- 1\K\DESKTOP\HELPMO-l\USER\4CL1.0UT 

TIME: 14: 7 DATE: 2/28/2008 

***************************************************************************** 

TITLE: 48 inch cap, 24 i nch CCL, no LCS 

************************************************ ******* ******************** ** 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 
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LAYER 1 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 10 

THI CKNESS = 48 . 00 INCHES 
POROSITY = 0.3980 VOL/VOL 
FIELD CAPACITY 
WILTING POINT 

= 0 .2440 VOL/VOL 
0 .1360 VOL/VOL 

I NITIAL SOIL WATER CONTENT 0.1454 VOL/VOL 
EFFECTIVE SAT . HYD. COND . = 0.119999997000E-03 CM/SEC 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.63 
FOR ROOT CHANNELS I N TOP HALF OF EVAPORATIVE ZONE. 

LAYER 2 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 30 

THICKNESS = 360.00 INCHES 
POROSITY = 0.5410 VOL/ VOL 
FIELD CAPACITY = 0 .1870 VOL/VOL 
WILTING POINT = 0.0470 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.1870 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.499999987000E- 04 CM/ SEC 

LAYER 3 

TYPE 3 - BARRIER SOIL LINER 
MATERI AL TEXTURE NUMBER 16 

THICKNESS = 24.00 INCHES 
POROSITY = 0.42 70 VOL/VOL 
FIELD CAPACITY 0.4180 VOL/VOL 
WILTING POINT = 0.3670 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4270 VOL/VOL 
EFFECTIVE SAT . HYD . COND . 0.100000001000E-06 CM/SEC 

NOTE: 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 
--- - -------- ------------------------- ---

SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE #10 WITH AN 
EXCELLENT STAND OF GRASS, A SURFACE SLOPE OF 10. % 
AND A SLOPE LENGTH OF 1100. FEET. 
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SCS RUNOFF CURVE NUMBER = 77.70 
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT 
AREA PROJECTED ON HORIZONTAL PLANE = 6 . 200 ACRES 
EVAPORATIVE ZONE DEPTH = 48.0 INCHES 
INITIAL WATER IN EVAPORATIVE ZONE = 6.981 INCHES 
UPPER LIMIT OF EVAPORATIVE STORAGE = 19.104 INCHES 
LOWER LIMIT OF EVAPORATIVE STORAGE = 6.528 INCHES 
INITIAL SNOW WATER = 0.000 INCHES 
INITIAL WATER IN LAYER MATERIALS = 84 . 549 INCHES 
TOTAL INI TIAL WATER = 84.549 INCHES 
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE : EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
Selby South Dakota 

STATION LATITUDE 
MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE ) 
EVAPORATIVE ZONE DEPTH 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

NOTE : PRECIPITATION DATA WAS SYNTHETICALLY 
COEFFICIENTS FOR BISMARCK 

NORMAL MEAN MONTHLY PRECIPITATION 

JAN/JUL FEB/AUG MAR/ SEP APR/OCT 
- ------ ---- - -- ------- - ----- -

0.35 0.45 0.87 1. 90 
2.54 1. 94 1. 36 1.14 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

45.51 
3.5 0 

130 
270 

48.0 
10 . 30 
71 . 00 
63.00 
61. 00 
69 . 00 

DEGREES 

INCHES 
MPH 
% 
% 
% 
% 

GENERATED USING 
NORTH DAKOTA 

(INCHES) 

MAY/NOV JUN/DEC 
------ - -------

2.70 3 . 23 
0 .65 0.38 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 

JAN/JUL 

11. 00 
71. 00 

COEFFICIENTS FOR BISMARCK NORTH DAKOTA 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

FEB/AUG 

18.00 
70 . 00 

MAR/SEP 

29.00 
59.00 
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APR/OCT 

43. 00 
46.00 

MAY/NOV 

56 . 00 
29.00 

JUN/ DEC 

65.00 
16. 00 
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NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR BISMARCK NORTH DAKOTA 

AND STATION LATITUDE = 45 . 51 DEGREES 

***************************************************************************** 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 50 

PRECI PITATION 

TOTALS 

STD. DEVI ATIONS 

RUNOFF 

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD . DEVIATIONS 

PERCOLATION/ LEAKAGE 

J AN / J UL 
-------

0.38 
2.56 

0 . 18 
1.39 

0.000 
0 . 000 

0 . 000 
0 . 000 

0 . 370 
3 . 238 

0 . 132 
1.462 

FEB / AUG 
-------

0.46 
1. 82 

0 . 24 
0.81 

0 .007 
0.000 

0.030 
0.000 

0.390 
1.799 

0.150 
0.769 

THROUGH LAYER 3 

MAR/SEP 
- ------

0 . 81 
1.47 

0 .46 
0.91 

0.022 
0 . 000 

0.053 
0.000 

0 .420 
0.98 3 

0.168 
0 .512 

APR/OCT 
- ------

1.70 
0.96 

1. 21 
0 . 91 

0. 1 87 
0 . 006 

0.422 
0 . 0 43 

0 .947 
0 .522 

0.432 
0 . 204 

MAY /NOV 
- ------

2 . 45 
0 .54 

1. 27 
0 . 36 

0 . 009 
0 . 001 

0.025 
0 . 006 

2.43 0 
0 . 269 

0 . 413 
0 . 139 

JUN/ DEC 
------

3.32 
0. 42 

1. 40 
0 . 20 

0.003 
0 . 000 

0 . 009 
0.000 

4.649 
0.337 

1.394 
0.12 4 

--------------------------- -- ------ -
TOTALS 0.0209 0 . 0205 0 . 02 43 0.0236 0 . 02 45 0 . 0218 

0 . 0215 0 . 020 9 0.0196 0.0201 0 . 0197 0.0208 

STD . DEVIATIONS 0.0265 0.0243 0 . 0299 0. 02 91 0 . 0296 0.0270 
0 . 0273 0 . 0280 0.0271 0.0278 0 . 0266 0. 0271 

---- -------- ------- -------- - ---- - - - --------------- - ------ --- ---------- - -
AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

---- ---------- -- --- ---- -- ----------------- - ----------- - --- - ----- --- - -- - -----

DAILY AVERAGE HEAD ON TOP OF LAYER 3 
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AVERAGES 

STD. DEVIATIONS 

0.0002 
0.0002 

0 . 0003 
0.0002 

0 . 0002 
0 . 0002 

0 . 0003 
0.0003 

0 . 0002 
0.0002 

0 . 0003 
0.0003 

0.0002 
0.0002 

0 . 0003 
0.0003 

0.0002 
0.0002 

0 . 0003 
0 . 0003 

0 . 0002 
0 . 0002 

0 . 0003 
0.0003 

***************************************************************************** 

***************************************************************************** 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 50 

INCHES cu. FEET PERCENT 
------------------- ------------- -------

PRECIPITATION 16.89 2.849) 380049.9 100.00 

RUNOFF 0.235 0.4246) 5279 . 72 1. 389 

EVAPOTRANSPIRATION 16.354 2.7281) 368060.78 96.845 

PERCOLATION/LEAKAGE THROUGH 0.25823 0.31595) 5811. 689 1.52919 
LAYER 3 

AVERAGE HEAD ON TOP 0.000 ( 0.000) 
OF LAYER 3 

CHANGE IN WATER STORAGE 0 . 040 1.4657) 897 . 56 0 . 236 

***************************************************************************** 

***************************************************************************** 

PEAK DAILY VALUES FOR YEARS 

PRECIPITATION 

RUNOFF 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

AVERAGE HEAD ON TOP OF LAYER 3 

SNOW WATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 

56 

1 THROUGH 

(INCHES) 

2.42 

1. 282 

0.003402 

0.002 

2 .11 

50 

(CU. FT.) 

54464.520 

28857.4023 

76.5594 0 

47559 . 9180 

0.3075 

0 .1360 
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***************************************************************************** 

***************************************************************************** 

FINAL WATER STORAGE AT END OF YEAR 50 

LAYER 

1 

2 

3 

SNOW WATER 

(INCHES) 

7.3613 

68.9342 

10.2480 

0.000 

(VOL/VOL) 

0 . 1534 

0.1915 

0.4270 

********* ******** ************************************************************ 

***************************************************************************** 
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Soil property assumptions: 

Soil cohesion= c ' = 200 lb/ft2
, 

Angle of internal friction = 25 degrees 

Soil unit weight = y = 100 lb/ft3 

Depth of footing (excavation depth) =Di = 6 ft 

Footing width = B = l ft 

Terzaghi's Ultimate Soil Bearing Capacity Equation 

q '11 = 1.3c 'Ne + qNq + 0.4yBNy 

Bearing capacity factors Ne, Nq, Ny = 25.13, 12.72, and 8.34 respectively; values are 
based on 25 degree angle of internal friction (Table 15 .1 , Das 2002) 

q = D1Y = (6 ft) (100 lb/ft3
) =600 lb/ft2 

q 'u= (l.3)(200 lb/ft2)(25.13) + (600 lb/ft2 )(12 .72) + (0.4)( 100 lb/ft3)(l ft)(8.34) 

q ',,= 14,498.6 lb/ft2 

59 



I 
I 
I APPENDIXE 

I 2-D Transport Equation 

I 

'I 
I 
I 
I 
I 

I 

I I 

I 
I 
I 
I 
I 
I 
I 
I 

60 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

The concentration at a point x downstream of the source and distance y off centerline of 

plume at time t is specified as: 

C0 [ x (~la] C(x~y,t) ,,,, -exp --:; 1- l +--x 
4 CLX - . v 

( ~ X-V· tvl+~-v-J 
e1fc r::-:-:: 

2;10.xvt I fl! y)j-y+- y - -

1 2 1· 2 er. - er 
2Ja1 • x . 2Ja)' · x 

where 

C(x,y,t) = Concentration at a distance x downstream of the source and distance y off centerline of plume 

at time t (Concentration units) 

C0 = Concentration in the source zone at time t = 0 (Concentration units) 

Y = Line source width (L) 

x= Distance downgradient of source (L) 

y = transverse distance from the plume centerline (L) 

t = Simulation time (T) 

ax= Longitudinal ground-water dispersivity (Lff) 

ay = Transverse ground-water dispersivity (Lff) 

).. = First-order degradation rate ( lff) 

v = Ground-water [retarded] seepage velocity 

K = Horizontal hydraulic conductivity (Lff) 

i = Hydraulic gradient (LIL) 

e = Effective soiJ porosity 

R = Constituent linear retardation factor 

61 



I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

REFERENCES 

Code of Federal Regulations Title 40 Part 143. National Secondary Drinking Water 
Regulations. 

Code of Federal Regulations Title 40 Pait 258. Criteria f or Municipal Waste Landfills. 

Admini trative Rules of South Dakota. Solid Waste. Article 74:27. 

Benson, C.H. (2000). Liners and Covers for Waste Containment. Proceedings from Fourth 
Kansai International Geotechnical Forum, Japanese Geotechnical Society, Kyoto, Japan. 

Das, B.M. (2002). Principles of Geotechnical Engineering. 5th Ed.. Brook /Cole, Pacific Grove, 
California. 

Domenico, P.A. (1987). An Analytical Model for Multidimensional Transport of a Decaying 
Contaminant Species. Journal of Hydrology, 91(1987):49-58. 

Gelhar, L.W., Welty, C., and Rehfeldt, K.R. (1992). A Critical Review of Data on Filed-Scale 
Dispersion in Aquifers. Water Resources Research, Volume 28 Number 7, Page 1995-1974. 

High Plains Regional Climate Center (2007). <http://www.hprcc.unl.edu> (September, 2007). 

Hedges, L.S. (1987). Geology of Walworth County, South Dakota. South Dakota Geological 
Survey Bulletin 30. South Dakota Geological Survey, Vermillion, South Dakota. 

Kume, J. (1979). Aquifers in Walworth County, South Dakota. South Dakota Geological 
Survey Information Pamphlet 18. South Dakota Geological Survey, Vermillion, South Dakota. 

National Resources Conservation Service. (2007). <http://websoilsurvey.nrcs.usda.gov> 
(October, 2007). 

Rastogi, S., and Charhut, D.E. (2001). Effects of Switching from Bituminous to Sub-bituminous 
Coal on the Performance of Ash Handling Systems, Power Gen International , 11-13 December 
2001, Ses ion 8.C., La Vegas, Nevada. 

Schroeder, P.R., Dozier, T.S ., Zappi, P.A. , McEnroe, B.M., Sjostrom, J.W., and Peyton, R.L. 
(1994). The Hydrologic Evaluation of Landfill Performance (HELP) Model: Engineering 
Documentation for Version 3. EPN600/R-94/168b, September 1994. U.S. Environmental 
Protection Agency Office of Research and Development, Washington , DC. 

South Dakota Codified Law. Solid Waste Management. Chapter 34A-6. 

South Dakota Office of Tourism. State Highway Map. <http://www.travelsd.com/> (October 
2007). 

62 



I 
I I 

I 
I 
I 
11 
I 
I 
I 
I 

I 
I 

I I 
I 
I 

I I 

I 

Srinivasan, P., Pope, D.F. , and Striz, E. (2004). Optimal Well Locator (OWL) User 's guide 
Version 1.2. (EPA 600/C-04). National Risk Management Research Laboratory, Office of 
Research And Development, U.S. Environmental Protection Agency, Cincinnati, OH 45268. 

United States Department of Energy. (2006). Coal Combustion Waste Management at Landfills 
and Surface Impoundments, 1994-2004. (DOE Document No. PI-0004). Office of Scientific 
and Technical Information, Oak Ridge, Tennessee. 

United States Geological Survey. National Seismic Hazards Maps - 2002. 
<http://gldims.cr.usgs.gov/> (October 2007). 

63 


	Coal Combustion Waste Disposal Facility Design: Electric Power Cooperative Selby, South Dakota
	Recommended Citation

	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0017a
	0018
	0019
	0020
	0020a
	0021
	0022
	0022a
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068

