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Executive Summary 

Montana-Dakota Utilities Co. (Montana-Dakota) has retained Wenck Associates, Inc. (Wenck) to 

complete a feasibility study evaluating the teclmical and economic aspects of installing a gas-to

energy system at the City of Billings Regional LandfilL 

A landfill gas-to-energy system collects the gas generated by decomposing municipal solid waste 

(MSW). The gas is extracted out of vertical wells and into underground lateral piping by applying 

a negative pressure to the landfill via a compressor or blower unit. The gas, once compressed and 

cleaned to the necessary extent, can be used as a viable fuel source in different applications. 

The City ofBillings Regional Landfill is a MSW facility that has been receiving waste since 1968. 

Approximately 4 million tons ofMSW have been placed over the years. 

Theoretical landfill gas generation analyses indicate that landfill gas flow rates are high enough to 

feasibly install a gas-to-energy system at the Billings LandfilL Approximately I ,480 standard 

cubic feet per minute of landfill gas is currently available based on Wenck's revised landfill gas 

generation modeL The specific type of gas-to-energy system is yet to be determined. Three 

potential gas-to-energy options have been identified and are as follows: 

• Option 1 -Distributing gas directly to a Montana-Dakota-owned natural gas pipeline 

• Option 2 -Piping gas directly to end user (third party) 

• Option 3 -Electrical generation 

Regardless of the gas-to-energy system implemented, an active gas system would need to be 

installed to collect the landfill gas. Wenck has provided budgetary capital and 0 & M costs 

associated with an active gas system and each gas-to-energy option. A summary of the costs and 

annual energy production is presented below. 
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Table I 
City of Billings Regional Landfill 

Summary of Total Estimated Capital Costs and Annual Energy Production 

Option I . , fl-'Option 2 Third 
Item Direct Usen 'J Party 

Landfill Active Gas System 52,203,000 '-" I( 52,203,000 

Capital Cost S4,173,000\c{ S2,210,000 

Total $6,376,000 $4,413,000 

Energy Produced Per Year 331,000 MMBtu 331,000 MMBtu 

* Assumed continuous flow rate of 1,400 scfm 
** Assumed 3,000 kW of usable power at a load factor of93% 

Table 2 
City of Billings Regional Landfill 

Summary of Total Estimated 0 & M Costs 

Option 1 Option 2 
Item Direct Use Third Party 

Landfill Active Gas System $110,000 $110,000 

Annual 0 &M $485,000 $361,000 

Total* $595,000 $471,000 

*h1crease of 7% per year 

l-2 

Option 3 
Electrical 

Generation 

$2,203,000 

$3,867,000 

$6,070,000 

24,400,000 kWh 

Option 3 
Electrical 

Generation 

$110,000 

S370,000 

$480,000 



1.0 Background and Purpose 

In 2007, Montana-Dakota Utilities Co. (Montana-Dakota) contacted Wenck Associates, Inc. 

(Wenck) aboutthe feasibility of landfill gas utilization from the City of Billings Regional Landfill. 

Discussions between Montana-Dakota and Wenck on landfill gas potential and different end-use 

options were held. Montana-Dakota has since requested that Wenck perfom1 a feasibility study to 

evaluate the technical and economic aspects of such options. The three gas-to-energy options are: 

• Direct use oflandfill gas to a Montana-Dakota natural gas distribution pipeline 

• Piping gas to end user (third party) 

• Electrical generation 

Purpose of Feasibilitv Studv 

The purpose of the feasibility study is to assess the teclmical and economic feasibility of 

implementing a gas-to-energy system at the City of Billings Regional Landfill. The key objectives 

of the feasibility study, as set forth in a letter dated May 3, 2007, are defined below: 

• Re-develop the landfill model for gas generation to predict current and ful1lre gas 

generation 

• Conceptual design of gas system 

• Evaluate cost associated with system 

• Develop 0 & M costs associated with alternatives 

• Evaluate resulting issues and permits 

• Develop capital cost for the above infonnation 

• Provide projected annual 0 & M costs 
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2.0 Landfill Gas Generation 

Landfill Gas 

Landfill gas is composed of a mixture of a variety of different gases. By volume, landfill gas 

typically contains 45% to 60% methane and 40% to 60% carbon dioxide. Landfill gas also 

includes small amounts of nitrogen, oxygen, ammonia, sulfides, hydrogen, carbon monoxide, and 

nonmethane organic compounds (NMOCs) such as trichloroethylene, benzene, and vinyl chloride. 

Landfill gas is generated by the decomposition of organic waste (food, paper, etc.). The quality 

and quantity of the gas is a critical element in gas-to-energy systems. The quantity oflandfill gas 

will detem1ine the economic feasibility of many aspects of operating the system, including the 

distance the gas can be reasonably transported (piped) to an end user and still provide a reasonable 

payback period for capital expenditure. 

The volume of gas a landfill can generate can be estimated through physical ptunp tests, in wlrich a 

vaculUTI is applied to passive gas vents in order to draw the landfill gas to the surface. The vacuum 

pressure can be regulated to detennine potential gas flow rates, and contents of the landfill gas can 

be monitored with a landfill multi gas meter. Based on the methane content, suction pressure 

applied to the vent, and duration ofthe test, a reasonable prediction of the sustainable landfill gas 

flow rate can be established. 

The City of Billings Regional Landfill currently does not have any gas vents. Therefore, all landfill 

gas generation projections must be detem1ined from theoretical modeling. 

Citv of Billings Regional Landfill 

The City of Billings Regional Landfill has been receiving waste since 1968. At that time, annual 

waste placement was around 19,000 tons. Approximately 241,000 tons of waste per year will have 

been placed by the end of 2007, with a projected annual waste placement increase of I .25 %. 
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Approximately 200 acres are cunently plrnmed for waste placement, which, according to 2006 

projections, would continue until approximately 2050. The landfill's 50-year plan projects a 

cumulative waste placement total of 16,232,000 tons fi·om 2005 to 2054, for a total of 20,932,00 

tons since 1968. Although a 200-acre footprint is planned for waste placement, the City owns a 

total of 842 acres of adjacent land. See Figure 1 for the City of Billings Regional Lrn1dfill existing 

conditions. 

A breakdown of the lllildfi!l's incoming waste composition is shown below. All numbers are 

approximate. 

• 67% Municipal Solid Waste 

• 24% Construction & Demolition Debris, and Inert Waste 

• 3 %Sludge 

• 3 %Contaminated Soil 

• 2% Composted Btush 

2.1 THEORETICAL GAS MODELING 

In 1996, EM CON conducted a landfill gas analysis of the Billings Landfill as part of the lllildfill 

gas management plai1. EM CON developed a Landfill Gas Generation Model from the results of the 

ailalysis. The model estimates the qLmntity of landfill gas generated over time, rn1d takes into 

consideration the following factors: 

• Refuse acceptailce rates 

• Waste strern11 composition 

• Kinematic factors (e.g. lag time, conversion time, methane yields) 

• Moisture content history 

• Operations protocol 

Data was input into tlle model using available landfill data and best effort assumptions, rn1d the 

resulting output was the theoretical landfill gas generation rate. The output data was classified in 

terms of three rrn1ges oflandfill gas generation: possible range, expected range, and recoverable 
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range. The possible range oflandfill gas generation is rhe maximtm1 and minimum values of 

landfill gas generation. The expected range consists of the high and low values, which are more 

site-specific, and the recoverable range factors in the efficiency of the site's landfill gas extraction 

system. The recoverable range applies a recovery factor directly to the expected range. 

The 1996 EMCON model predicted a possible range between 1.9 and 3.4 cubic feet oflandfill gas 

per pound of dry refuse. The expected range was between 2.3 and 2.9 cubic feet of gas per pound 

of dry refuse, while the predicted recovery factor was assumed to be 80%. The cmTesponding 

recoverable range is between 1.8 and 2.3 cubic feet per pound of dry refuse. These values can be 

applied to the waste placement and compaction data to fonnulate gas generation projections. The 

landfill gas generation model is a comprehensive projection of ammal gas generation flow rates, 

from which a theoretical generation curve is developed. 

2.2 REVISED GAS MODEL 

Wenck completed a revised model of the landfill gas generation using an independent modeling 

program. More current data was available for Wenck's revised model, as refuse acceptance data 

was available through 2004. The results fi·om Wenck's revised gas model show higher landfill gas 

generation potential. This is due primarily to an increase in the landfill's service area since the 

1996 study. Figure 2 shows a comparison of the theoretical and revised landfill gas generation 

models for the Billings Landfill. 

The piimary input into the model is the landfill's refuse acceptance rate. The 1996 EM CON study 

made waste generation rate projections, based on best effort assumptions, until2049. These 

projections ended up being conservative. For example, the quantity of2004landfilled waste, based 

on these projections, was 141,000 tons. The actual an1ount of waste landfilled in 2004 was 248,271 

tons, or an increase of76°/r) over the projected amount. Becmtse of these acceptance rate increases, 

the results ofWenck's model show higher landfill gas generation rates than the 1996 model. Both 

landfill gas generation models used a recovery factor of 80%. Table 4-1 shows a summary of each 

model's gas generation projections, as well as the equivalent MMBTU's per hour and year. 
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Time 

SCFM 

CuiTent 864 

(2007) 
. -··--·-

Peak I ,735 

(Year) (2046) 

Table 2-1 

Summary of Landfill Gas Generation Models 

Recoverable Gas Generation Projections 

Model Entity 

EMCON (1996) Wenck Revised (2007) 

MMBtu MMBtu I SCFM MMBtu 

Per Hour Per Year I Per Hour 

23.6 206,740 1,481 40.4 

47.3 414,350 4,078 111.2 

(2050) 

Figure 2 
City of Billings Regional Landfill 

Comparison of Landfill Gas Generation Curves 

MMBtu 

Per Year 

353,900 

974, I 00 

5000 ··-- ---~~~~~--~~~-

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

Year 
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3.0 Landfill Active Gas System 

Regardless of the gas-to-energy option implemented, an active gas system must be installed to 

collect the landfill gas. The active gas system would essentially be the same for all gas-to-energy 

options, with variations only in the necessity and sizing of the compressor. This section 

summarizes the components and workings of an active gas system. 

3.1 CITY OF BILLINGS REGIONAL LANDFILL 

There are currently no gas vents at the City of Billings Regional Landfill, meaning that wells, 

horizontal piping, and a collection system would need to be installed as part of an active gas 

system. 

Components of an active gas system are described below and include: 

• Gas wells 

• Gas piping 

• Condensate tanks 

• Blower and Flare 

• Compressor 

• Gas treatment system 

The active gas system would include either a blower or a compressor. The necessity of a blower or 

compressor is dependent on each gas-to-energy option. See Figure 3 for a preliminary active gas 

system layout of the BiJ!ings Landfill. 
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Gas "'ells 

A gas well is typically a 36-inch diameter borehole into the waste that has a 6-inch perforated riser 

pipe encased in coarse aggregate to collect the landfill gas. The gas well is sealed at the top 

(ground surface) to prevent gas escape. The gas well is connected to sub-header piping below the 

surface to transmit it through the collection system. A wellhead (valve) is placed at the top of the 

well, before the sub-header piping, to control the flow of gas being pu11ed from each individual 

well. 

Gas Piping 

From the well, the gas is transferred through a hmizontal sub-header pipe that is sloped at a 

minimum of 3 percent grade away from the well, providing condensate drainage, to a main gas 

header pipe. A gas header is a larger diameter pipe that encircles the perimeter of the gas wells to 

collect gas from the SLtb-header pipes. The header pipe delivers the gas to the blower ancl/or 

compressor. The main gas header pipe is designed to be f,'Taded at a minimum of3 percent when 

placed in waste and 0.5 percent when located out of the waste to facilitate the collection of 

condensate. 

Based on Wenck's preliminary estimations of gas flows, it was determined that a 6-inch sub

header and an 1 8-inch header pipe would be needed. The size of the horizontal pipe system was 

designed to keep gas velocities below 20 feet per second in the gas header and to optimize the 

efficiency of the header pipe. 

Condensate Tanks 

A critical element of any gas co11ection system is the collection and treatment of condensate. 

Condensate fon11s when the moisture in gas travels from a vertical well to the horizontal piping 

and condenses (liquefies). If condensate is not removed, etiiciency is lost because the available 

area within the pipe for gas flow is reshicted. Condensate tanks are similar to leachate collection 

tanks and are placed at designed low points along the gas header pipe to collect the condensate. 

Condensate tanks can be used in conjunction with the landfill's leachate collection system. The 

preliminary design of the active gas system includes one proposed 2,000-gallon condensate tank. 
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As condensate accumulates in the condensate tank, periodic removal is required. Typically, 

condensate is sent to WWTP lor disposal. 

Blower and Flare 

A landfill gas blower is necessary to produce a vacuum on the gas vents to pull the landfill gas 

from the wells to a flare. A flare is a unit that is utilized for igniting and burning the landfill gas. 

The flare bums off the majority of the organic constituents. 

Due to safety concems and noise reduction, an enclosed flare is recommended. An enclosed flare 

is proposed as part of this feasibility study. An enclosed llare has its flame entirely enclosed, 

rather than having an open flare. In addition, an enclosed flare does not require additional gas 

treatment other than a standard filter located before the blower. As part of the proposed llare 

system, a control panel and auto-dialer are included. The control panel would allow the flare to be 

operated ifthe compressor is out of operation, or if the end user is only utilizing a small portion of 

the landfill gas. In addition, the system would include a flow meter to measure gas flow, and a 

paperless chart recorder to record gas !lows and temperature. 

Maintenance on blower units is minimal, but includes ch1mging oil and inspecting the belts on the 

system. The motor is required to be overhauled or replaced approximately every five years. 

Compressor 

A compressor is similar to a blower, but it is capable of increasing the pressure of the gas, allowing 

it to be sent through a pipeline to an end user. Thus, a compressor is only necessary ifthe required 

end-use pressure of the gas is higher than a blower can provide. 

The necessity of a compressor is described for each option in Section 4. A skid-mounted oil

llooded screw compressor would be used when required. 
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Typical maintenance perfom1ed on an oil-filled screw compressor includes changing oil and filters, 

which includes the oil/gas separator membrane on a yearly basis. As with a blower, the 

compressor's motor needs to be replaced or overhauled approximately every five years. 

A blower or compressor is required as part of the active gas system. However, since the blower or 

compressor requirements are specific to each end user, the costs will be included under each gas

to-energy option. 

Moisture Removal/ Gas Treatment 

After the raw gas has been collected and passed through the compressor or blower, moisture is 

removed with a chiller unit. A chiller, or dehydration unit, cools down the gas to 40 degrees dew 

point. Cooling the landfill gas causes the moisture in the gas to condense in liquid fmm. When the 

condensate is removed, most of the VOCs (volatile organic compmmds) other than methane are 

also removed from the gas. The dehydration unit would have to be inspected annually by a 

commercial refrigeration contractor. The coalescer filter is similar to a filter on an air compressor, 

in that it collects additional impurities or particulates that were not removed with the condensate. 

The coalescing filter has to be replaced every six to twelve months, depending on the pressure drop 

caused by the filter. 

Specific gas treatment procedures will be required for each end use option. Sections 4 and 5 will 

include specific procedures and costs for each option. 
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4.0 Gas-To-Energy Options and 
Modifications 

This section describes the gas-to-energy options and addresses specific modifications for each 

system. The gas collection system (i.e., the active gas system except for the blower/compressor) 

would remain the same for each option. However, the sizing of a blower/compressor, along with 

other modifications, depends on the specific gas-to-energy system implemented. 

4.1 OPTION 1: MONTANA-DAKOTA DIRECT USE TO PIPELINE 

MDU l>latural Gas Distribution Pipeline 

The first gas-to-energy option consists of cleaning the landfill gas and sending it directly to a 

Montana-Dakota-ovmed natural gas distribution pipeline. This option would use as much landfill 

gas as the compressor could supply. The following steps would be required in this process: 

• DeteJ111ine specific Montana-Dakota requirements (gas treatment, pressure requirements, 

etc.) 

• Modify active gas system accordingly 

• Construct pipeline to transport cleaned gas directly to Montana-Dakota distribution 

pipeline 
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Pipeline-quality gas requires special treatment prior to distribution. Inert substances, such as N2 

and C02, are unfavorable and need to be removed before the gas enters a high-Btu pipeline. A 

maximum inert specification of2 to 4% is typically used for high-Btu pipelines. 

A technology called Molecular Gate effectively removes N2 and I or C02 from landfill gas. In 

this system, the compressed gas is fed at I 50 psig through a fixed bed of solid adsorbent 

material. N2, C02, and H20 '"cling to" the adsorbent, while methane passes through the bed. 

Several pressure vessels are used in this system, and the gas flow is diverted to another tank 

when the original becomes saturated. The original vessel is cleaned by decreasing the pressure, 

and is again brought online when the N2, C02, and H20 have been removed. The system is 

designed for unattended operation m1d can automatically adjust to variable flow rates, feed 

compositions, and purity requirements. Figure 4 shows a diagram of the Molecular Gate system. 

Figure 4 

When the landfill gas has been cleaned to pipeline specifications, it is distJibuted through a 

forcemain to a natmal gas distribution pipe. Through the Molecular Gate system, gas is 

discharged at a pressure of 135 psig, which is not adequate for a Montana-Dakota pipeline's 
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operational pressure of750 psi. To be able attain 750 psi the gas would have to be compressed 

again after the molecular gate system before it is discharged into Montana-Dakota pipeline. 

Based on the results of Wenck's revised landfill gas generation model, the compressor and gas 

cleaning system were sized for a flow rate of 1,400 scfm. 

Upgrading this gas-to-energy option is the least flexible oftbe three options, but it is possible. 

Expansion would require additional compressors as well as additional processing containers. 

Therefore, the system size must be carefully selected during the design stages. 

4.2 OPTION 2: THIRD PARTY END USER (NO CLEANING) 

land!ill 
Opcroli~mr; 

Waste 

F1Rrl1 

__ , 
I 
I 

Compressor 

··-···--·--·------------------· .. --· 
Gas Forcemain 

The fundamental steps in a gas-to-energy system to a third party are as follows: 

• Find an end user (24-hour facility) to utilize landfill gas as a fuel source 

• Detennine system requirements, special modifications, etc. 

• Constmct forcemain pipeline to facility and perform modifications 

'1 

Facility 

In this application, all landfill gas can be sent to the end user. Conunon end users of gas-to

energy systems include ethanol plants, refineries, and other 24-hour processing facilities. These 

facilities use the constant flow oflandfill gas as a fuel source for their boilers. Boiler applications 

are generally less sensitive to landfill gas contaminants, and therefore require less cleanup than 

other alternative uses for landfill gas. Boilers have the lowest NO, and carbon monoxide 

emissions of the combustion technologies. 
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Special Boiler Modifications 

The equipment for retrofitting a boiler to bum landfill gas is conm1ercially available, proven, and 

not overly complex. However, the decisions that must be made during engineering and design 

are site-specific and may be somewhat involved. For example, some installations have retained 

the original bumer, but have modified it for landfill gas while maintaining the existing natural 

gas fi.tel train and gas ring to pem1it landfill gas/natural gas co-firing. Other installations have 

replaced the entire burner, controls, and fuel train with a dual-fuel bumer and dual-fuel trains 

specifically designed to handle medium-Bill gas. In general, the decision to furnish all new 

equipment is made based on the owner's preference, or because the existing burner and controls 

are nearing the end of their useful lives. Additional analysis may be required to determine the 

amount oflandfill gas compression provided versus the modifications needed for the bumer and 

gas train. Because landfill gas is typically a wet gas, often containing trace coiTosive compounds, 

the fuel train and possibly some bumer "internals" should be replaced with coiTosion-resistant 

materials. Stainless steel has typically been the material selected. The controls associated with 

fuel flow and combustion air flow need to be engineered to cope with the vmiable heat content of 

landfill gas. The complexity of the burner management system will depend upon whether the 

boiler is to be co-fired with natural gas or oil, and whether the boiler is to be co-fired at all times, 

or ifthere will be times when it will be fired with landfill gas only. Modem oxygen mmlyzers 

and flame sensors make it possible to fire landfill gas with the same level of safety that is 

characteristic of current natural gas systems. 

Other Considerations 

In designing and assessing the economic feasibility of projects utilizing landfill gas in boilers, 

several factors in addition to the boiler retrofit must be considered. For exm11ple, the quantity of 

landfill gas available must be considered and compared to the facility's steam needs and boiler 

capacities. Factors such as pipeline right-of-way issues and the distance between the landfill m1d 

the boiler will influence costs and the price at which landfill gas cm1 be delivered m1d sold to the 

boiler owner. Because landfill gas is generally saturated with moisture, gas treatment is needed 

before it is introduced into the pipeline and subsequently the boiler, to avoid condensation and 
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coiTosion. Additionally, condensate tanks along the pipeline are necessary as condensation in the 

main pipeline can cause blockages. Fortunately, the level oflandfill gas clean-up required for 

boiler use is minimal, with only large particle and moisture removal needed. Other compounds in 

LFG, such as siloxanes, do not damage boilers or impair their function. 

For the pw-pose oftb.is study, Wenck assumed a potential end user is four miles from the landfill. 

The gas pressure requirement is assumed to be 18 psi and the flow rate is assumed to be 1,400 

CFM (based on the 2007 landfill gas generation projection fi·om Wenck's revised model). For 

the given length, pressure, and flow rate, a dual-staged blower and a dehydration unit would be 

needed as part of the active gas collection system. Section 5 includes budgetary capital and 

annual 0 & M costs associated with this gas-to-energy option. It is assumed that the end user 

would take care of any special modifications to the boiler and/or end-use facility. 

Future expansion of this option would require additional compression (blowers). The forcemain 

pipe size should be designed to accommodate increasing gas flows in the future. 

4.3 OPTION 3: ELECTRICAL GENERATION 

Waste A 

L--, 
Blower I 

I 

' 

Electrical Generator 

Electrical generation consists of sending the landfill gas directly to a generator that uses it as a 

fuel source. This gas-to-energy option utilizes only as much landfill gas as the generators can 

take in. The basic steps involved in this process include: 

• Cleaning landfill gas to appropriate levels 

4-5 



• Selecting a generator based on gas flow rates 

• Utility agreement and connection 

• Transmission of electricity 

Since the landfill gas pressure requirements for electrical generation are relatively small 

(approximately 2 psig), a compressor would not be required as part of the active gas system for 

electrical generation. A dehydration unit woLtld be required to condense the moisture and remove 

unwanted VOCs. Additional contaminants would be removed with a coalescer filter. 

Generator selection is important in maximizing landfill gas utilization. For this study, two 550 

scfm generators were selected. Although Wenck's revised model indicates that approximately 

I ,480 scfi11 may cunently be recoverable, the installation of two units would be reconm1ended in 

case gas generation is less than predicted. Each generator is rated at 1,600 kW, with 

approximatey 1,500 kW of usable power after losses. 

This gas-to-energy option would be expanded incrementaJ!y by adding generators to tl1e system. 

The proposed 3,500 square foot building that houses the generators would be large enough to 

accommodate two additional generators for future expansion. The interconnect point must be 

capable of handling increased capacity as additional generators are brought online. 

An agreement with the utility provider would need to be established. Since Montana-Dakota 

does not provide electrical services in the immediate Billings region, an agreement would need 

to be established with one of the current providers- Nmihwestem Energy or Yellowstone Valley 

REA. 

Transmitting electricity to the grid would be the final step in this gas-to-energy system. 

Montana-Dakota's in-house capabilities in electrical tra11smission would prove to be ideal for 

this. 
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5.0 Economic Evaluation 

The active landfill gas collection system and blower/compressor are !be key components for a 

gas-to-energy system. To help determine the feasibility of the system, an economic evaluation 

was completed to review the capital and operational and maintenance costs for each gas-to

energy option discussed in Section 4. The budgetary cost estimates were based on supportable, 

reasonably conservative assumptions, which shall result in conservative cost estimates. These 

cost estimates project the initial capital expenditure and the annual operation and maintenance 

costs. 

Cost estimates are based on user lmowledge of gas-to-energy systems construction and 

operation, experienced vendors, and construction and operation and maintenance costs at 

existing gas-to-energy systems. The major economic inputs that were developed for the estimate 

are the capital cost and operation and maintenance (O&M) costs. Included in the capital cost 

estimate were allowances for design, project management, construction management, insurance, 

and security during construction. For comparative purposes, building enclosures for each gas-to

energy option are assumed to be S !50 per square foot. Estimated O&M costs include utilities, 

parts, supplies, condensate disposal, chemicals, and services by outside contractors (e.g., 

specialty maintenance). 

5.1 ACTIVE GAS SYSTEM BUDGETARY COST ESTIMATES 

Table 5-l provides an estimated capital cost for City of Billings Regional Landfill to install an 

active gas system with an enclosed flare. The blower or compressor and enclosed building is not 

included in the cost estimate, as it is specific to the gas-to-energy option chosen. 
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5.1.1 Capital Cost 

Table 5-1 
City of Billings Regional Landfill 
Acttve as ystem aptta G S C . lC osts 

Extended 
Bid Item Quantity Unit Price Price 

1 Field Engineering 1 LS $15,000 $15,000 

2 Mobilization I LS $20,000 $20,000 
0 1Health & Safety Plan I LS $2,000 $2,000 J 

4 Install Gas Wells 4,400 VLF* $110 $484,000 

5 Wellhead Assembly 39 EA $1,500 $58,500 

6 6-inch HDPE Subheader 8200 LF $30 $246,000 

7 18-inch HDPE Header 8550 LF $70 5598,500 

8 12-inch Valve 1 EA $6,000 $6,000 

9 Access Riser 1 EA $1,000 $1,000 

10 2,000 Gallon Condensate Tank 1 EA $9,000 $9,000 

11 Electrical 1 LS $60,000 $60,000 

12 Enclosed Flare 1 LS $195,000 $195,000 

Total Capital Costs $1,695,000 

Legal, Administration, Permitting & 
13 Engineering (15%) 1 LS $254,000 $254,000 

14 Contingency (15%) 1 LS 5254,000 $254,000 

Active Gas System Total ** $2,203,000 
*Vertical Lineal Foot 

**Prices do not include blower/compressor or enclosed building. 

I 1 The heallh and safety plan is a documenr that addresses safety and health hazards associated with 
construction of an active gas collection system. (Plan is supplied by contractor) 

1\ote: Additional costs would be associated with expansion of the active gas collection system. The capital 
costs to expand the gas system could be paid with the additional revenue generated by the sale of additional 
landfill gas. 
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5.1.2 Operation and Maintenance Costs 

Table 5-2 provides estimated annual 0 & M costs for the Billings Landfill active gas system with 

an enclosed flare. Active gas system management typically consists of the day-to-day tasks 

associated with managing an active gas collection system (maintenance, adjustments to wellfield, 

blower etc.). 

Bid Item 

1 Condensate Disposal 

Table 5-2 
City of Billings Regional Landfill 

Active Gas System Annual 0 & M Costs 

Quantity Unit Price 

1 LS $10,000 

2 Active Gas System Management I LS $100,000 

Active Gas System 0 & M Total* 

*Increase of 7% per year 

Extended 

Price 

$10,000 

$100,000 

$110,000 

-' :>.- MONTANA-DAKOTA DIRECT USE BUDGETARY COST ESTIMATES 

5.2.1 Capital Cost 

Table 5-3 provides estimated capital costs for a compressor and gas treatment system to deliver 

landfill gas to a distJibution pipeline. Items 2 through 5 are components of the Molecular Gate 

system described in the previotts Section. The price estimate is for a 1,400 scfm system. 
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Table 5-3 
City of Billings Regional Landfill 

Montana-Dakota Direct Use Capital Costs 

Total 

Bid Item Quantity Unit Price Price 

1 Oil Flooded Screw Compressor 1 LS $450,000 $450,000 

2 System Cost C02 Removal 1 LS $900,000 $900,000 

3 System Cost N2 Removal 1 LS $700,000 $700,000 

4 H2S Removal 1 LS $100,000 $100,000 

5 Moisture Removal 1 LS $120,000 $120,000 

6 Equipment Installation 1 LS $400,000 $400,000 

7 Slab for Molecular Gate System 1 LS $25,000 $25,000 

8 Building Enclosure 700 SF $150 $105,000 

9 Forcemain to Distribution Pipeline 1 LS $110,000 $110,000 

10 Reciprocating Compressor (750 psi) 1 LS $300,000 $300,000 

Total Capital Costs $3,210,000 

Legal, Administration, Permitting & 
11 Engineering (15%) 1 LS $481,500 5481,500 

12 Contingency (15%) 1 LS $481,500 $481,500 

MDU Direct Use Total $4,173,000 

5.2.2 Operation and Maintenance Costs 

Table 5-4 provides estimated annual 0 & M costs for a compressor and gas treatment system to 

deliver landfill gas to a distribution pipeline. The electrical consumption cost assumes the 

compressor runs continuously (no shut downs) at an electric rate of $0.08 cents per kWh. 
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Table 5-4 
City of Billings Regional Landfill 

Montana-Dakota Direct Use Annual 0 & M Costs ' 

Bid Item Quantity Unit Price 

1 Electrical Consumption 1 LS $385,000 

2 Maintenance 1 LS $150,000 

MDU Direct Use 0 & M Total* 

*lncrease of 7% per year 

5.3 TlliRD PARTY END USER BUDGETARY COST ESTIMATES 

5.3.1 Capital Cost 

Extended 

Price 

$385,000 

$150,000 

$535,000 

Table 5-5 provides estimated capital costs for a compressor and gas treatment system to deliver 

landfill gas as a fuel source via a 4-mile pipeline at 18 psi with a flow rate of 1,400 scfin. 

Table 5-5 
City of Billings Regional Landfill 

Third !'arty End User Capital Costs 

Extended 

Bid Item Quantity Unit Price Price 

1 Dual-Stage Blower 1 LS $260,000 $260,000 

2 Dehydration Unit 1 LS $125,000 $125,000 

3 Slab for Dehydration Unit 1 LS $25,000 $25,000 

4 Building Enclosure 600 SF $150 $90,000 

5 Forcemain Pipeline (4-miles) (Estimated) 1 LS 1200000 $1,200,000 

Total Canital Costs $1,700,000 

Legal, Administration, Permitting & Engineering 
6 (15%) 1 LS $255,000 $255,000 

7 Contingency (15%) 1 LS $255,000 $255,000 

Compressor & Gas Treatment Svstem Total $2,210,000 
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5.3.2 Operation and Maintenance Costs 

Table 5-6 provides estimated aruma] 0 & M costs for a compressor and gas treatment system to 

deliver landfill gas as a fuel source via a 4-mile pipeline at IS psi. The electrical consumption 

cost assumes the blower and dehydration unit nm continuously (no shut downs) at an electric 

rate of $0.08 cents per kWl1. 

Table 5-6 
City of Billings Regional Landfill 

Third Party End User Annual 0 & M Costs 

Bid Item Quantity Unit Price 

I Electrical Consumption (Blower) I LS $280,000 

Electrical Consumption (Dehydration 
2 Unit) l LS $21,000 

3 Blower Equipment Maintenance 1 LS S30,000 

Dehydration Unit Equipment 
4 Maintenance 1 LS $30,000 

Compressor & Gas Treatment 0 & M Total'' 

*Increase of7% per year 

5.4 ELECTRlCAL GENERATION BUDGETARY COST ESTIMATES 

5.4.1 Capital Cost 

Extended 

Pl'ice 

$280,000 

S2J,OOO 

$30,000 

$30,000 

$361,000 

The total cost to install two 1.6 MW electrical generators would be approximately $4,515,000. 

This price includes an all-inclusive masonry building with sufficient room for four generators. 

Thus, two additional generators could be installed as needed, with equipment being the only 

additional cost. A building that is smaller or constmcted with different material would reduce the 

capital cost. 
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Table 5-7 
City of Billings Regional Landfill 
ec nca enera 100 ap1 a OS S El t . I G f C 't I C t 

E:dended 
Bid Item Quantity Unit Price Price 

1 Cat 3520C Electiical Generator ( 1.6 MW) 2 EA $750,000 $1,500,000 

2 Fuel Gas Booster (2,400 scfin)* 1 EA $250,000 $250,000 

3 Step up Transformer to 12.4 7 KV 1 EA £60,000 $60,000 

4 Switchgear 1 EA $300,000 $300,000 

5 Gas Chromatograph 1 EA $80,000 $80,000 

6 Building Enclosure 3,500 SF $150 $525,000 

7 Interconnect Cost (assumed 2 miles) 1 EA $260,000 $260,000 

Total Capital Costs $2,975,000 

Legal, Administration, Pe11nitling & Engineering 
8 (15%) I LS $446,000 5446,000 

9 Contingency (15%) 1 LS $446,000 $446,000 

Electrical Generation System Total $3,867,000 
* Includes fuel conditioning to meet Ca1erpi11ar specifications 

5.4.2 Operation and Maintenance Costs 

Table 5-8 provides estimated annual 0 & M costs for electrical generation with two 1.6 MW 

generators. 

Bid Item 

Table 5-8 
City of Billings Regional Landfill 

Electrical Generation Annual 0 & M Costs " 

Quantity Unit Price 

1 Generator Maintenance 2IEA 5185,000 

Electrical Generation 0 & M Total 
*Assumes 93% on-line, with 0 & M cost of1.5 cents per k\V (generally accepted values) 
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Price 

$370,000 

$370,000 



' 
I 

5.5 SUMMARY OF TOTAL COSTS 

The total estimated capital and 0 & M costs for the active gas system and each of the three 

options are listed in Tables 5-9 and 5-10 below. A summary of the annual energy production for 

each option is included for comparison purposes. 

Table 5-9 
City of Billings Regional Landfill 

s umn1ary o fT IE . dC . IC dA IE ota < stJmate ap1ta osts an nnua 1 nergy p d ro uctwn 

Optiou 1 Option 2 Third 
Item Direct Use Party 

Landfill Active Gas System $2,203,000 $2,203,000 

Capital Cost $4,173,000 S2,21 0,000 

Total $6,376,000 $4,413,000 

Energy Produced Per Year 331,000 MMBtu 331,000 MMBtu 

* Assumed continuous ilow rate of 1 ,4QO scfm 
*'* Assumed 3,000 kW of usable power ala load factor of93% 

Table 5-10 
City of Billings Regional Landfill 

Summary of Total Estimated 0 & M Costs 

Option 1 Option 2 
Item Direct Use Third Party 

Umdfill Active Gas System $110,000 $110,000 

Annual 0 &M $485,000 $361,000 

Total* $595,000 $471,000 

*Increase of 7% per year 
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Option 3 
ElectJ·ical 

Generation 

$2,203,000 

$3,867,000 

$6,070,000 

24,400,000 kWh 

Option 3 
Electrical 

Generation 

$110,000 

$370,000 

$480,000 



6.0 Recommendations 

Based on the feasibility study, Wenck believes that all three proposed options are teclmical!y 

feasible and Wenck would recommend Montana-Dakota move fmward with evaluating and 

developing a gas-to-energy system at the landfill. Wenck would recommend Montana-Dakota 

move forward in the following steps: 

1. Montana-Dakota prepare a financial model to detennine economic feasibility of each 

option 

2. Install a minimum of three gas wells to be tested over a duration to predict more 

accurate gas generation 

3. Negotiate an agreement with the City of Billings to purchase the gas 

Based on the results of this feasibility study, the items identified above appear to provide a 

sequence of steps that could be undertaken by Montana-Dakota. If chosen, their implementation 

should provide a foundation for a successful gas-to-energy project. 
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Billings, MT LANDFILL GAS PROJECT - OWNED BY MDV 

Assumptions: 
• MDU would own the landfill gas system when it goes on line. 

• Renewable Energy Credits (RECs) or green tags are available but not part of modeled revenue 

• Tax rate- 40% 

• 50% I 50% ratio with a debt cost of7.0% 

• Tax depreciation - 15 Year MACRS 

• Capitalization is based on net plant book value less future tax liability (DITs) 

• Assumes minor capital expenditures 

• Assumes an after-tax equity rettml of 10% (pre-tax 16.67%) 

• There is a possibility for a property tax credit for new or expanding project 
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1.0 Background and Purpose 

In 2007, Montana-Dakota Utilities Co. (Montana-Dakota) contacted Wenck Associates, Inc. 

(Wenck) about the feasibility oflandfill gas utilization from the City of Billings Regional Landfill. 

Montana-Dakota requested that Wenck perform a feasibility study to evaluate the technical and 

economic aspects the following three gas-to-energy options: 

• Natural gas pipeline distribution (Pipeline Distribution) 

• Piping gas to end user (third party) 

• Electrical generation 

Since the feasibility study was completed, Montana-Dakota and Wenck have had several meetings 

to discuss the best gas utilization option and the revised landfill gas generation curve. Montana

Dakota determined that direct use oflandfill gas to their natural gas distribution pipeline was the 

best gas utilization option for them. To determine if the validity of the revised gas generation 

curve, Montana-Dakota retained Wenck to drill three test wells in various locations of the landfill, 

perform pump tests on the wells and collect and analyze landfill gas samples. 

Purpose of Confirmation Studv 

The purpose of the confirmation study is to assess the technical and economical feasibility of 

implementing a gas-to-energy system at the City of Billings Regional Landfill. The key objectives 

of the confim1ation study are defined below: 

• Construct three (3) gas wells to an individual depth of approximately 120 feet 
• Evaluate waste cuttings 
• Pump test wells 
• Collect and analyze three (6) landfill gas samples 
• Re-evaluate gas generation curve 
• Preliminary design of gas treatment system based on revised generation curve 
• Re-evaluate cost estimates based on revised gas generation curve 
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2.0 Gas Wells 

During the week of November 3, 2008, three gas wells were installed to a an individual depth of 

107 (Well!), 121 (Well2) and 118 (Well 3) feet that assisted in the landfill gas generation study. 

The gas wells were placed in areas with older waste and newer waste to get a good representation 

of waste type and gas composition. TI1e final location of the wells can be found in Figure 1. 

During the drilling of the wells, Wenck analyzed waste cuttings to determine waste composition, 

moisture content and decomposition of waste. Then Wenck installed three (3) landfill gas 

wellheads on the wells to provide a mean to collect landfill gas sample and perform pump tests on 

the wells. The gas wells were designed and constructed to standards that will allow the wells to be 

utilized in the gas collection system. 

2.1 GAS WELL INSTALLATION 

During the drilling of the 36-inch diameter borehole Wenck analyzed the waste cuttings for 

composition, moisture and decomposition. The waste was primarily was composed of household 

wastes, yard wastes (favorable wastes for gas generation) and some demolition debris. Moisture 

content of the waste was primarily dry with some damp and wet regions, which is not optimal for 

gas generation, but is not the only factor in determining favorable conditions for gas generation. 

As the well drilling extended around I 00 feet, the waste decomposition increased to where it was 

turning black. With the waste oxidized (black), Wenck would recommend terminating drilling at 

that point since we believe the waste will produce marginal gas compared to the cost of drilling. 

Photographs and well Jogs from each of the wells can be found in appendix A. 
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2.2 PUMP TESTS 

Once the well installation was complete, Wenck installed 2-inch vertical Landtec Wellheads to aid 

in pump tests and to collect gas samples. With the wellhead installed the well was connected to a 

I or 1.5 horsepower vacuum pump via 2-inch kanaflex hose that vented the landfill gas to the 

atmosphere with the approval from the Montana Department of Environmental Quality to vent to 

the atmosphere. With the vacuum applied to the well, Wenck utilized Landtec Landfill Gas Meter 

to obtain gas composition for the following parameters: 

• Barometric Pressure 

• Gas Temperature 

• Methane (CH4) 

• Carbon Dioxide ( C02) 

• Oxygen (02) 

• Balance Gas (Nitrogen) 

• Static Pressure((+) indicates positive pressure at wellhead; build up of!andfill gas corning out 

of well without any assistance from vacuum (-) indicates vacuum applied at wellhead) 

• Differential Pressure 

• Gas Flow 

The objective of the pump tests was to maximize gas flow out of each well while maintaining a 

minimum of 50 percent methane and oxygen content less than I percent. All of the wells 

performed as expected based on the revised gas generation curve developed by Wenck as part of 

the feasibility study. All of the wells stabilized or was close to stabilizing before the tests were 

terminated. 

The pump tests were operated for approximately 9 days (well3), 7 days (well I) and 6 days (well 

2). Well readings were taken three (3) times a day during landfill operations. A summary of the 

well readings can be found in Appendix B. 
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2.3 LANDFILL GAS ANALYSIS 

During the pump tests, Wenck collected six (6) landfill gas samples from the three wells. Two (2) 

gas samples were collected from each well, via silicon lined summa canister and analyzed for the 

following parameters: 

• Methane, C02, Nitrogen and Oxygen 
• NMOCs 
• Chlorinated Compounds 
• Siloxanes 
• Sulfur Compounds 
• Moisture Content 

The gas analysis indicated that gas quality in two of the three wells (wells 1 and 2) looks good with 

methane concentrations greater than 50 percent and no big issues with either sulfur or VOC's. The 

oxygen and nitrogen levels in the gas samples were a result of sampling techniques and not 

induced stress on the wells from over pulling on them. However the gas analysis from well 3 

(Samples Well3-A and Well3-B) shows more C02 than methane which suggest less than 

optimum methanogenic production. The VOC levels in the samples imply a younger waste that 

may not be at a steady state methanogenesis yet. Conversations with landfill personal indicated 

waste in Well 3 area was only a few years old which corresponds to the gas analysis. 

With the dilution factor utilized by the lab, Wenck does not give much credibility into the siloxane 

levels. Additionally the detection level for siloxane is in the PPB, which is low enough not to be a 

major concern. 

Overall, the gas results look like typical landfill. Landfill gas analysis can be found in Appendix 

C. Note that Gas Sample Weli2-A was not analyzed due to oxygen intrusion during sample 

collection. 
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3.0 Gas Generation 

Based on the information obtained from the well drilling, pump tests, gas analysis and site 

information, Wenck revised the gas generation curve utilizing actual field data rather than the 

theoretical data utilized as part of the initial generation curve. The revised generation curve was 

similar to the initial curve but varied slightly. The current recoverable gas generation rate slightly 

increased to 1,591 SCFM and the max generation rate decreased to 3,722 SCFM from 4,078 

SCFM. The max generation rate decreased due to the amount of inorganic waste being disposed at 

the landfill. See Figure 2 below for the revised generation curve. 

Figure 2 
City of Billings Regional Landfill 

Comparison of Landfill Gas Generation Curves 
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5000-l---------------------------------------------------------------------------~~'~ 

oj"~''o~io~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ro':l ro'b (!.." (l..t- (!..'\ fb<:::J fb":: r;:oro r;:oC!l Rl"' RJ~ ?:Jro R'l"' R:.b< ~ ..... ~ ,'=' .... 10 ,O:J ~"' ~ o,.<o !'J" ~ ~ ~>.o;:, ~>.'>:> b.co ~;,.0:! 
"q~ ..,.OJ ...,e; "C!l "OJ "O:J .._OJ ,_OJ "Oj "Oj "C!l "Oj 'l-cs rf r"(,.cs ~ "'!;;.:). '"~-~ "'(;) ~ ~ "'Cl "'Cl rvCl rfl ~ 'l-ts rp;s rfS 

Year 

j · · ·?:::· • ·Gas Produced (Dec. 2007) -e- Recoverable Gas (Dec. 2007) ~~ 'ffl ~Gas Produced (Jan. 2009) .. -w·-- Recoverable Gas (Jan. 2009) j 

3-1 



Based on the revised generation curve above the Billings Regional Landfill will currently generate 

approximately 340,685 MMBtu's in 2010 with the gas treatment system (Molecular Gate System) 

running 93% of the time. A summary of future sellable MMBtu's can be found in Table 3-1 

below. 

Table 3-1 
City of Billings Regional Landfill 

Sellable Annual MMBTU's 

Landfill 
Sellable 

Gas 
Year Generation GasPer 

Rate 
Year 

SCFM *MMBTU's 

2010 1,644 340,685 
2015 1,905 394,771 
2020 2,160 447,615 
2025 2,413 500,044 
2030 2,667 552,680 
2035 2,922 605,523 
2040 3,182 659,403 
2045 3,448 714,526 

2050 3,722 771,307 
·•Assumes 93% Runl!me 
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4.0 Economic Evaluation 

Based on the revised site lmowledge, gas analysis, gas generation curve and larger system 

Wenck revised the capital and O&M Costs for the pipeline distribution option. The budgetary 

cost estimates were based on supportable, reasonably conservative assumptions, which shall 

result in conservative cost estimates. These cost estimates project the initial capital expenditure 

and the annual operation and maintenance costs. 

Cost estimates are based on user knowledge of gas-to-energy systems construction and 

operation, experienced vendors, and construction and operation and maintenance costs at 

existing gas-to-energy systems. The major economic inputs that were developed for the estimate 

are the capital cost and operation and maintenance (O&M) costs. Included in the capital cost 

estimate were allowances for design, project management, construction management, insurance, 

and security during construction. Estimated O&M costs include utilities, parts, supplies, 

condensate disposal, chemicals, and services by outside contractors (e.g., specialty maintenance). 

4.1 ACTIVE GAS SYSTEM BUDGETARY COST ESTIMATES 

Table 4-1 provides an estimated capital cost for City of Billings Regional Landfill to install an 

active gas system. The compressors, enclosed flare, gas cleaning equipment and enclosed 

building are not included in the cost estimate. 
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4.1.1 Capital Cost 

Table 4-1 

c ve as sys em ap1ta OS S 

City of Billings Regional Landfill 
Ati G S t C . IC t 

Bid Item Quantity Unit Price 

I Field Engineering 1 LS $15,000 

2 Mobilization 1 LS $20,000 

3 1 Health & Safety Plan 1 LS $2,000 

4 Install Gas Wells 5,400 VLF* $100 

5 Wellhead Assembly 54 EA $1,300 

6 Wellbore Seals 54 EA $500 

7 6-inch HDPE Subheader 8,800 LF $30 

8 12-inch HDPE Subheader 4,100 LF $45 

9 24-inch HDPE Header 9,400 LF $75 

10 6-inch Drain line 1,000 LF $25 

11 Road Crossings 5 EA $5,000 

12 6-inch Valve 5 EA $2,000 

13 12-inch Valve 6 EA $4,000 

14 24-inch Valve 8 EA $8,000 

15 Access Riser 14 EA $5,000 

16 1,000 Gallon Condensate Tank 4 EA $18,000 

17 Electrical 1 LS $120,000 

18 Site Restoration 1 LS $75,000 

Total Capital Costs 

Legal, Administration, Pem1itting & 
19 Engineering ( 15%) 1 LS $347,000 

20 Contingency (15%) 1 LS $347,000 

Active Gas System Total ** 
*Vertical Lineal Foot 

** Ptices do not include compressor, gas cleaning system, enclosed flare and enclosed building. 

Extended 

Price 

$15,000 

$20,000 

$2,000 

$540,000 

$70,200 

$27,000 

$264,000 

$184,500 

$705,000 

$25,000 

$25,000 

$10,000 

$24,000 

$64,000 

$70,000 

$72,000 

$120,000 

$75,000 

$2,312,700 

$347,000 

$347,000 

$3,006,700 

' The health and safety plan is a document that addresses safety and health hazards associated with 
construction of an active gas collection system. (Plan is supplied by contractor) 
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The total estimated active gas system capital costs increased approximately $800,000 from the 

initial feasibility study in December 2007 primarily due to additional information gained about 

the Billings Regional Landfill. Based on the information gained the well field was expanded in 

area from the initial preliminary layout to maximize landfill gas extraction, which increased the 

well drilling, horizontal piping, valves and condensate tank quantities. Along with the well field 

expansion, an item was added for site restoration of the final closed landfill area to meet 

specifications. 

4.1.2 Operation and Maintenance Costs 

Table 4-2 provides estimated annual 0 & M costs for the Billings Landfill active gas system with 

gas utilization equipment. Active gas system management typically consists of the day-to-day 

tasks associated with managing an active gas collection system (maintenance, adjustments to 

wellfield, compressor etc.). Management will require a full-time employee to manage the 

system. 

Item 

1 Condensate Disposal 

Table 4-2 
City of Billings Regional Landfill 

Active Gas System Annual 0 & M Costs 

Quantity Unit Price 

1 LS $10,000 

2 Active Gas System Management 1 LS $100,000 

Active Gas System 0 & M Total 

Extended 

Price 

$10,000 

$100,000 

$110,000 

4.2 MONTANA-DAKOTA PIPELINE DISTRIBUTION BUDGETARY COST 

ESTIMATES 

4.2.1 Capital Cost 

Table 4-3 provides estimated capital costs for a compressor and gas treatment system to deliver 

landfill gas to a distribution pipeline and generators and enclosed flare to burn off tail gas. The 
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price estimate is for a 2,400 scfrn system, which should have enough capacity until year 2025 

when the landfill is projected to go above 2,400 scfrn. 

As a result of cleaning the landfill gas to pipeline quality, two tail gases are generated. Tail gas 

#1 is comprised of approximately 88% C02 and 11 to 12% CI:L; which is flared off in the 

enclosed flare. Tail gas #2 is composition consists of approximately 60% CH4, 30% Nitrogen, 

7% C02, and 2% oxygen. The reason the methane (CH4) concentrations are so high is that the 

nitrogen molecules and the methane molecules are approximately the same size and it is very 

difficult and costly to separate them out. With the methane concentration above 50%, tail gas #2 

can either be sent to the enclosed flare or sent to a generator to generate electricity for the landfill 

gas equipment. Based on the max power consumption of the equipment at approximately 1,050 

to 1,100 kW and the relatively clean gas readily available, two (2) 250 kW generators were 

added to project to utilize the tail gas #2 and offset operating costs. 

Power to start-up the equipment would all come from the grid, but then once the equipment is up 

and running the electricity generated by the generators would displace the grid. 

4-4 

ll 



Table 4-3 
City of Billings Regional Landfill 

on ana- a o a lPe me IS n utwn ap1 a M t D k t p· r n· t 'b . C 't I C osts 

Case 2 Feed Flow 2,400 SCFM 

Total 
Bid Item Quantity Unit Price Price 

1 Oil Flooded Screw Compressor 1 LS $550,000 $550,000 

2 System Cost C02 Removal 1 LS $1,550,000 $1,550,000 

3 System Cost N2 Removal I LS $1,205,000 $1,205,000 

4 Recycle Compressor 1 LS $80,000 $80,000 

5 Equipment Installation 1 LS $700,000 $700,000 

6 Tail gas flare for C02 & N2 Stream 1 LS $165,000 $165,000 

7 Slab for Molecular Gate System 1 LS $40,000 $40,000 

8 Building Enclosure 3,000 SF $50 $150,000 
Forcemain to Distribution Pipeline w/ 

9 Odorizer 1 LS $450,000 $450,000 

10 250 kW Generator 2 EA $250,000 $500,000 

Total Capital Costs $5,390,000 

Legal, Administration, Permitting & 
11 Engineering (15%) I LS $808,500 $808,500 

12 *Contingency (5.7%) I LS $308,500 $308,500 

MDU Pipeline Distribution Total $6,507,000 
*The total contmgency percentage was lowered due to better costs from suppliers and more data 
available from the test wells. 

4.2.2 Operation and Maintenance Costs 

Table 4-4 provides estimated annual 0 & M costs for a compressor and gas treatment system to 

deliver landfill gas to a distribution pipeline. The electrical consumption cost assumes the 

compressor runs 93% of the time at an electric rate of$0.07 cents per kWh. 
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Table 4-4 
City of Billings Regional Landfill 

ontana- a ota as 'ipe me 1stri ution nnua M D k G P r D" b A I 0 & M C osts 

Unit Extended 

Item Quantity Price Price 

I *Electrical Consumption ($0.07/kW) I LS $315,000 $315,000 

2 Maintenance 1 LS $90,000 $90,000 

3 *Generator O&M 1 LS $65,000 $65,000 

MDV Gas Pipeline Distribution 0 & M Total $470,000 

*Assumes 93% operational time 

4.3 SUMMARY OF TOTAL COSTS 

The total estimated capital and 0 & M costs for the active gas system and Gas Pipeline 

Distribution are summarized in Table 4-5 comparing December 2007 totals to January 2009 

totals. 

Table 4-5 
City of Billings Regional Landfill 

s ummaryo o a sIma e ap1 a os san fTtlEf tdC "tiC t dA nnua IO&MC t OS S 

Capital Costs Annual O&M Costs 
Item Dec. 2007 Jan.2009 Dec. 2007 Jan.2009 
Landfill Active Gas System $2,203,000 $3,006,700 $110,000 $110,000 
Gas Pipeline Distribution $6,214,000 $6,507,000 $535,000 $470,000 

Total $8,417,000 $9,513,700 $645,000 $580,000 

In summary, costs went up in capital due to landfill information from the City of Billings. The 

increase in size of the molecular gate system and oil flooded screw compressor to 2,400 scfrn 

increased the electrical and maintenance on the O&M totals. 
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5.0 Recommendations 

Based on the confirmation study, Wenck believes the waste cuttings, pump tests and gas analysis 

indicate that the Billings Regional Landfill is a good candidate for a gas-to-energy project. 

Wenck would recommend Montana-Dakota re-evaluate the economic modeled based on the 

revised capital costs, O&M costs and gas generation curve. 
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Figure 2: 

Record Test Well Locations 
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Figure 3: 

Preliminary Active Gas System Layout 
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Appendix A 

Well Drilling Photographs and Well Logs 
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Project: City ot Billings 
Well#: i 
Well depth: 
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soil/tires/a> City of Billings 
Well#: 2 
Well depth: 120 
Slot depth: Per drawing 

,---

-

Provide indication of soil, liquids, plastic, C/0, yard waste, solid 
waste, paper, other (specify). Strong/medium/weak gas odor 
Level or depth from surface, note level at change in waste charac. 

Level Material 

dry 0-5 cover material - mixed 

dry 10 mixed solid & yard waste 

damp 20 paper/wood/plastic bags 

damp 27 green yard clips/household was 

damp 50 wood/mixed 

dry 60 increasing soil/mixed waste 

dry 65 soil/mixed msw 

dry 72 yard waste/wood 

damp 82 yard waste/soil 

damp 93 yard waste/soil/wood/paper 

damp 100 material turning dark 
moisture increasing 

very damp 114 soil/tires/oxidized material 

very damp 121 black/packed tires 



ProJect City or Billings 
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Appendix B 

Pump Test Readings 



Date Time 

*11/8108 12:20 

11/8/08 13:14 

11/8/08 15:58 

1119/08 8:25 

11/9/08 8:33 

11/9/08 12:12 

1119/08 16:45 

11/10/08 8:52 

11/10/08 12:04 

11/10/08 16:09 

11/11108 8:31 

11/11/08 12:15 

11111108 16:22 

11/12108 9:06 

11112/08 12:30 

11/12108 16:26 

**11/13/08 9:45 

11114/08 12:13 

Montana-Dakota Utilities Co. 
Gas-to-Energy Project- Phase I 

City of Billings Regional Landfill 

Weill 

Barametric 
Temperature Gas Flow CH4 

Pressure 

inches ofHG op SCFM % 

26.34 50 36 54.9 

26.43 51 86 39.0 

26.27 60 64 56.5 

26.12 97 64 50.5 

26.12 97 65 56.7 

26.1 100 65 54.9 

26.05 102 64 55.9 

26.15 104 36 57.1 

26.15 105 40 57.1 

26.15 105 45 56.5 

26.33 106 37 56.8 

26.25 107 54 56.6 

26.13 107 59 55.9 

26.12 107 55 55.9 

26.01 108 52 56.1 

25.97 108 53 56 

26 112 75 57.3 

26.58 103 73 57.1 

*Vent passively venting -no vacuum applied 

**Restarted Generator for Vacuum Pump 

C02 02 
Balance Static Differential 

(Nitrogen) Pressure Pressure 

% % % % % 

36.8 2.4 5.9 

27.1 7.2 26.7 

43.4 0.0 00.1 

36.1 2.7 9.7 

43.1 0.1 0.1 

38.9 1.9 4.3 

44 0 0.1 

41.7 0.7 0.1 0.007 0.346 

42.6 0.1 0.2 -0.0007 0.383 

43.1 0.3 0.1 1.3 0.473 

43.1 0.3 0.1 1.3 0.473 

43.3 0 0.1 1.3 0.702 

44 0 0.1 0.008 0.8 

44 0 0.1 -1.2 0.703 

43.8 0 0.1 -0.6 0.636 

43.9 0 0.1 -0.7 0.651 

42.6 0 0.1 

42.2 0.6 0.1 



Date Time 

*11/9/08 15:58 

11/9/08 16:52 

11110/08 8:29 

11/10/08 12:31 

11/1 0/08 16:20 

1 Ill 1/08 8:20 

I 1/11/08 12:00 

11/11/08 16:04 

11/12/08 8:30 

I 1/12/08 12:53 

11/12/08 16:15 

11/13/08 9:32 

II/13/08 14:39 

11/14/08 11:59 

Montana-Dakota Utilities Co. 
Gas-to-Energy Project- Phase I 

City of Billings Regional Landfill 

Well 2 

Bararnetric 
Temperature Gas Flow CH4 

Pressure 

inches ofHG 'F SCFM % 

26.07 53 13 55.4 

26.07 53 53 54.8 

26.13 84 64 54.5 

26.15 90 63 54.7 

26.15 90 63 54.4 

26.33 97 57 55.4 

26.27 98 62 54.5 

26.15 99 63 54 

26.12 101 60 54 

26.02 102 62 54.3 

25.98 102 61 54.2 

26.01 101 81 54.0 

26.08 108 81 55 

26.58 97 77 56.8 

*Vent passlVely venhng -no vacuum apphed 

C02 02 
Balance Static Differential 

(Nitrogen) Pressure Pressure 

% % % % % 

44.5 0 0.1 

45.1 0 0.1 

45.3 0 0.2 2.1 0.92 

45.2 0 0.1 1.7 0.956 

45.5 0 0.1 2.6 0.955 

44.3 0.2 0.1 2.6 0.809 

45.5 0 0 2.2 0.872 

45.9 0 0.1 1.6 0.954 

45.9 0 0.1 1.7 0.884 

45.6 0 0.1 -1.4 0.906 

45.7 0 0.1 -1.4 0.886 

45.9 0 0.1 

44.5 0.3 0.2 

43 0 0.2 



Date Time 

11/6/08 16:50 

11/7/08 8:50 

11/7/08 10:50 

11/7/08 15:05 

11/7/08 15:43 

11/7/08 16:49 

1118/08 8:28 

*11/8/08 13:29 

11/8/08 13:39 

11/8/08 16:20 

11/9/08 8:11 

11/9/08 12:23 

11/9/08 16:37 

1119/08 16:42 

11110/08 9:10 

11/10/08 12:44 

11110/08 15:56 

11111/08 7:49 

11/11/08 II :39 

11/11/08 15:51 

11/12/08 8:09 

11112/08 12:17 

11/12/08 16:04 

11113/08 9:24 

11/13/08 14:08 

**11114/08 11:40 

Montana-Dakota Utilities Co. 
Gas-to-Energy Project- Phase I 

City of Billings Regional Landfill 

Well3 

Barametric 
Temperature Gas Flow CH4 

Pressure 

inches ofHG 'F SCFM % 

62 152 59.4 

26.43 69 92 54 

26.68 70 58 51.1 

26.44 72 178 23.6 

26.45 71 58 34.8 

26.48 66 66 50.2 

26.38 74 65 52.3 

26.31 76 45 25.5 

26.31 76 34 50.8 

26.26 76 49 57.6 

26.12 77 51 56.9 

26.09 78 50 57.1 

26.06 77 46 50 

26.05 77 44 53.5 

26.13 77 40 58.6 

26.14 78 40 58.5 

26.15 78 42 55.7 

26.15 78 33 50.1 

26.28 79 34 50.4 

26.15 79 51 51 

26.11 79 47 50.4 

26.02 79 45 50.8 

25.98 79 50 50.5 

26.02 79 72 49 

26.01 79 71 48.9 

26.58 78 62 28.6 

*Vacuum Pump Down Approx1mately 3 Hours 

**Air Leak in Connections 

C02 02 
Balance Static Differential 

(Nitrogen) Pressure Pressure 

% % % % % 

39.4 1 0.2 

44.5 0.6 0.9 

48.2 0.6 0.1 

20.3 12 44.1 

30.3 8.0 26.9 

49 0.7 0.1 

46 1.6 0.1 

17.8 11.7 45 

33.9 3.8 11.6 

42.3 0 0.1 

41 1.5 0.6 

41.9 0.8 0.2 

36.4 3.8 9.8 

38.1 2.7 5.7 

41 41.3 0.1 0.3 -0.122 

41.4 0 0.1 0.7 0.352 

43.5 0.6 0.2 0.9 0.402 

49 0.8 0.1 -1.2 0.26 

49.1 0.4 0.1 -0.8 0.288 

48.6 0.3 0.1 -0.7 0.594 

49.3 0.2 0.9 -0.9 0.534 

49 0.1 0.1 -I 0.488 

49.2 0.1 0.2 -1.1 0.588 

50.7 0.2 0.1 

45.3 3.1 2.7 

29.8 12.2 29.4 

31 



Appendix C 

Landfill Gas Analysis 



ECHNOLOGY 
Lahorato Inc. 

December 3, 2008 

Wenck Associates 
ATTN: Marlon Mackowick 
1111 WestracDr., Suite 108 
Fargo, ND 58103 

LABORATORY TEST RESULTS 

Project Reference: MDU-Billings; 1987-04 
Lab Number: A8111705-0l/06 

Page 1 of 15 
A8111705 

FL Cert#E87847/lA Cert #04140 
EPA Me!hod T014AIT015 

EPA Method T03 
RSK·175 

EPA Method 25C/3C 

Enclosed are results for sample(s) received 111! 7/08 by Air Technology Laboratories. 
Analyses were performed according to specifications on the chain of custody provided 
with the sample(s). 

Report Narrative: 

- Sample analyses were performed within method performance criteria and 
meet all requirements of the NELAC Standards. 

- All results are reported without qualifications. 

Results were e-mailed to Marlon Mackowick on 12/03/08. 

ATL appreciates the opportunity to provide testing services to your company. If you 
have any questions regarding these results, please call me at (626) 964-4032. 

Sincerely, 

vwfdl-·1 
Mark Johnson 
Operations Manager 
MJohnson@AirTechLabs.com 

Enclosures 

Note: The cover letter is an integral part ofthis analytical report. 

18501 E. Gale Avenue, Suite 130 * City of Industry, CA 91748 • Ph: (626) 964-4032 • Fx: (626) 964-5832 
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Client: 

Attn: 

Wenck Associates 

!\Iarlon Mackowick 

Project Nnme: 

Project Number: 

Date Received: 

Mutrix: 

:MDU- Billings 

1987-04 

11117/2008 

Vapor 

TN!\'IOC by EPA .1\'l'ETHOD 15C 

Fixed Gases by EPA METHOD 3C 

Lab Number: 

Client Sample ID: 

Date Collected: 

Date Analyzed: 

Analyst Initials: 

QCBatch; 

Dilution Factor: 

ANALYTE Vnits PQL 

TNMOC ppm\· cl 10 

Thl\IOC uncorr* ] ppm• c] 10 

' Nitrogen I ';t., v/v 1.0 

A8111705-01 

Well3~A 

I 1113/2008 

ll/19/2008 

Vl\1 

081119GC8Al 

2.8 

Result 
I RL ' I 

3,700 28 

3,200 28 

7.3 2.8 

A8111705-02 

I Wcll3-B 

' 

i 11/13/2008 

11111/2008 

Vl\I 

I 081121GCBAI 

j 2.8 I 

Result RL 

3,500 28 

2,600 I 28 

17 I 2.8 
~--,-

Oxygen %v/v 0.50 ! ND 1.4 ' 4.2 1.4 ! 

ABU I 705-04 A8111705-05 

\Veil 2-B Welll-A 

l 11/13/2008 11113/2008 

11/2112008 I IIJ21/201l8 

VM I \'l\1 

081J2IGC8AI 08112IGC8AI 

2.8 2.7 

! Result RL I Result RL 

1,500 28 1,100 27 

1,300 28 860 
I 27 

' I ...., 
7.0 i 2.8 12 2.7 

i 1.9 1.4 J_ 3.4 1.4 

Carbon Dioxide %vlv 0.010 48 0.028 41 0,028 I 42 o.0211 1 37 I 0.027 

Methane % v/v [ 0,0010 46 
}--

I ' 
ND =Not detected at or above reporting limit. 

PQL =Practical Quantitation Limit. 

TNi\IOC =Total Non~ Methane Organic: Carbon. 

1 o.oo2s 39 0.0028 54 

I i 

Ti'\l\JOC unc:orr•"'" TSMOC concentration in sample without nitrogen/moisture correction. 

NA =Nitrogen/moisture correction causes division by zero. 

I 0,001.8 51 ·, 0.0027 

I • 
i 

Page 2 of 15 
A8111705 

AB 111705-06 

I \Velll-B 

11/13/1008 

I 1/19/2008 

VM 
··-

I 081119GC8Al 

2.7 

Result RL 

1,300 27 

1,000 27 

I 12 2.7 

3.2 1.4 
~-

37 0.017 

52 O.OU27 

I 

"I'/)., Jl I 
Re\-·iewed/Approvcd By: --,/-11if:J -i/LJI'-£1'("'-'''--"v;,::L:::_ __ t:p·~-----

Mark Jotkson 

Do to: __ _.c.l_'!-+1-'--z.--'(.'--,--'Y ___ _ 

Operations Manager 

The eo~·er letter is un integr.1l purt of this :umlytie:d report. 

AiJrTECHNOLOGY Laboratories, Inc. 

18501 E. Gale Avenue, Suite 130 + City of/ndustry, CA 91748 t Ph: (626) 964-4032 + Fx: (626) 964-5832 



Client: Wenck Associates 
Attn: Marion Mackowick 

Client's Projccl: MDU-Billings, 1987-04 
DateReceh·ed; IU17/08 

I\'lntrix: Air 
Units: ppbv 

EPA Method TO!S 

Lab No: A8111705-0! A8111705-02 A8Jl1705-04 

Client Sample J.D.: 
Wc113-A \Veli3-B We112-B 

Date Sampled: 11113/08 11113/08 !1113/08 

Date Analyzed: 11120/08 11120/08 11121/08 

QC Batch No: 081120~1S2AI 081120MS2AI 081121MS2Al 
Analyst Initials: VM VM VM 
Dilution Factor: 110 84 110 

ANALYTE PQL Result RL Result RL Result RL 
Dichlorodifluoromelhune {12) 1.0 2,600 110 2,400 84 1,500 110 

Chloromethane 2.0 I'(D 220 320 170 420 "0 

1,2-Cl-1,1.2.2-F ethane (114) 1 0 420 110 660 84 ISO 110 

Vinyl Chloride 1.0 760 110 710 84 160 110 

Bromometbone 1.0 ND 110 ND 84 ND 110 

Cbloroethooe 1.0 660 110 640 84 ND 110 

TrichJoroRuoromethnne (11) 1.0 1,800 1!0 1,600 84 NO 110 

1 ,1-Dichloroethene 1.0 ND 110 ND 84 1'(0 110 

Carbon Disulfide 5.0 620 560 590 420 I'(O 560 

1,1,2-CI 1,2,2-F elhnne (113) LO 180 110 170 84 ND 110 

Acetone 5.0 7,900 560 6,100 420 14,000 560 

Methylene Chloride 1.0 9,400 110 8,800 84 750 110 

1-1,2-DiehJororthene 1.0 150 110 140 84 ND 110 

I ,1-Dkhlorocthttnc 1.0 430 110 390 " 140 110 

Vinyl Acetate 5.0 ND 560 r\D 420 ND 560 

e-1,2-Dich lorocthcnc LO 510 110 470 84 1,300 110 

2-Butunonc LO 10,000 110 9,100 84 17,000 110 

!-Butyl Methyl Ether 1.0 NO 110 ND " ND 110 

Chloroform 1.0 NO 110 86 84 ND 110 

1,1,1-Trichloroethane 1.0 440 110 410 84 NO 110 

Carbon Tetrachloride 1.0 NO 110 ND 84 l':D 110 

Benzene 1.0 940 110 1,100 84 1,300 110 

I ,2-Dich lorollthane LO 170 110 160 84 NO 110 

Trichloroethene 1.0 570 110 550 84 570 110 

1.2-Dichloropropan e 1.0 NO 110 ND 84 ND 110 

Bromodicbloromelhnoe 1.0 NO 110 ND 84 ND 110 

c-1,3-Diebloropropenc 1.0 ND 110 I'D 84 I'(O 110 

4-MethyJ-2-Pettt:JttOOI! 1.0 NO 110 ND 84 4,400 110 

Toluene 1.0 14,000 110 13,000 84 17,000 110 

t-1,.3-Dichlornp ropene 1.0 220 110 220 84 ND 110 

1,1,2-Trichloroethane 1.0 ND 110 ND 84 ND 110 

Tetrnchloroetbcne 1.0 760 110 770 84 850 110 

2-Hexnnone 1.0 ND 110 1'(0 84 120 110 

Dibromochloromethane 1.0 ND 110 NO 84 ND 110 

1.2-Dibromoethnne 1.0 ND 110 ND 84 ND 110 

Chlorobenzene 1.0 ND 110 ND 84 ND 110 

Aii"TECHNOLOGY Laboratories, Inc. 

Page 3 of 15 
A8111705 

A8111705-05 A8111705-06 

Well I-A Welll-B 

11113108 11/13/08 

11121/08 11/20/08 
081121MS2AI 081120MS2AI 

VM VM 
82 68 

Result RL Result RL 
1,400 82 1,400 68 

330 160 330 140 

150 " 160 68 

270 " 290 68 

ND " NO 68 

ND 82 I'(O 68 

~D 81 NO 68 

ND " NO 68 

NO 410 NO 340 

I'(D 82 NO 68 
16,000 410 17,000 340 

560 82 590 68 

ND 82 NO 68 

86 " 92 68 
ND 410 ND 340 

930 82 1,000 68 

13,000 82 15,000 68 

ND 82 NO 68 

NO 82 NO 68 

ND 82 I'(O 68 

ND ,, NO 68 

750 82 860 68 

ND 82 ND 68 

440 82 550 68 

ND 81 I'(D 68 

ND 8' 1'(0 68 

ND 82 ND 68 

2,000 ,, 2,300 68 

7,000 82 9,900 68 

110 82 NO 68 

NO 82 I'D 68 

330 " 430 68 

NO 82 82 68 

NO 82 ND 68 
ND 82 NO 68 

ND 82 ND 68 

page 1 of2 
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Client: WenckAssociates 
Attn: Marlon Mnclwwick 

Client's Project; MDU-Billings, 1987~04 
Dnte Received! l 1117/08 
Mntrix: Air 
Unil.,: ppbv 

II 
Lab No: 

Client Sample J.D.: 
Date Sampled: 
Date Analvzed: 
QC Batch No: 

Analyst Initials: 
Dilution Factor: 

ANALYTE PQL 
Ethylbcnzcnc 1.0 

p,&m-Xylcnc 1.0 

G-Xylcnc 1.0 

Styrene 1.0 

Bromoform 1.0 

I, 1 ,2,2-T ctrnchlorocthanc 2.0 
Benzyl Chloritlc 1.0 

4-Ethyl Toluene 1.0 

1 ,.3,5-Trimctbylbenzcnc 2.0 
1,2,4-Trimctbylbcnzcne 2.0 

1,3~Dichlorobcnzcoc 1.0 

1,4~Dichlornbcnzene LO 
1 ,2-Dicblnrobenzcne 1.0 

1,2,4-Trichlorobcnzene 2.0 

Hexnchlorobut;ldiene 1.0 

PQL =Practical Quantitation Limit 
ND= Not Detected {below RL) 
RL = PQL X Dilution Factor 

EPA Method T015 

A8111705-01 A8Ill705~02 

Wc113~A Well3-B 

11/13/08 11113/08 

11/10/08 11/20/08 
081120MS2Al 081 I20MS2Al 

Vl>l VM 
110 84 

Result RL Result RL 
1,900 110 1.900 84 

3,100 110 3,000 84 

850 110 830 R4 
120 110 87 84 

ND 110 ND 84 

ND 110 ND 170 

ND 110 ND 84 

ND 110 120 84 

ND 210 ND 170 

ND 220 ND 170 

ND 110 ND 84 

ND 110 ND 84 

ND 110 ND 84 

ND 220 ND 170 

1\D 110 ND 84 

Reviewed/Approved By: ---:-::-:--::;Jiz' ld'IJ-~-"wt_'--\--"-'(l,O:::...:.'-i,r:::.l:::.. 
Mark Jo'hnson f 
Operations Manager 

The cover letter is nn mtegml purt of this unalyticnl report 

A8111705-04 

We112-B 

ll/13/08 

JI/21/08 

08l!21MS2AI 

VM 
110 

Result RL 
1,300 110 

1,700 I 10 

420 110 

ND 110 

ND 110 

ND "0 

ND 110 

ND 110 

ND 220 

ND 220 

l"D 110 

ND 110 

ND 110 

ND 220 

ND 110 

AiwTECHNOLOGY Laboratories, Inc. 

Page 4 of 15 
A8111705 

A8111705~05 A8111705-06 

Well I-A Welll-B 

11/13/08 JJ/13/08 

II/21/08 JJ/20/08 

081121MS2Al 081120MS2Al 
VM VM 
82 68 

Result RL Result RL 
500 82 1,100 68 

590 82 1.500 68 

130 82 360 68 

ND 82 ND 68 

ND 81 ND 68 

ND 160 ND 140 

ND 81 ND 68 

ND " ND 68 

ND 160 !XD 140 

ND 160 ND 140 

ND 82 ND 68 

NO 82 ND 68 

ND 82 ND 68 

ND 160 !'ID 140 

ND 82 ND 68 

Date --'-(1--'·h_~·_/._-f_-_ 

II 

page 2 of 2 
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LCS/LCSD Recovery and RPD Summary Report Page 5 of 15 
A8111705 

QC Batch#: 081120MS2Al 

Matrix: Air 

EPA Method T0-14/T0-15 

Lab No: Method Blank LCS LCSD 

Date Analyzed: 11/20/08 11/20/08 11/20/08 

Data File ID: 20NOV005.D 20NOV003.D 20NOV004.D 

Analyst Initials: VM VM VM 

Dilution Factor. 0.2 1.0 1.0 

ANALYTE 
RcsuJt Spike Result 

%Rec 
Result 

ppbv Amount ppbv ppbv 
'%Rec 

,1-DJcltlorocthene 0.0 10.0 10.5 105 10.2 102 

Methylene Chloride 0.0 10.0 11.0 110 10.6 106 

Trichloroethenc 0.0 10.0 9.7 97 9.4 94 

Toluene 0.0 10.0 10.1 101 9.5 95 

1,1 ,2,2-Tctrachloroetltunc 0.0 10.0 9.1 91 9.1 91 

RPD =Relative Percent DifTcn:ncc 

Reviewed/Approved By: h$44-t(_ 
MarkJohnso 

i 
I 

Operations Manager 

TI11: covcrlctl!:f ~ wtullcgflll pllt llfllili malytical rep'lrt 

'*-.ii'TECIHNOLOGY Laboratories, Inc. 

Limits 

RPD 
Low High MaL 

%Rec %Rc1: RPD 

2.2 70 130 30 

3.2 70 130 30 

3.1 70 130 30 

6.0 70 130 30 

0.6 70 130 30 

Date: ___ .ci..:'L""~'-L-~_'_Y_ 

18501 E. Gale Avenue, Suite 130 + City of Industry, CA 91748 + Ph: {626) 964·4032 • Fx: (626) 964-5832 

Puss/ 
Fail 

Pass 

Pass 

Pass 

Pass 

Pass 



LCS/LCSD Recovery and RPD Summary Report 

QC Batch#: 081121MS2A1 

Matrix: Air 

EPA Method T0-14{[0-15 

Lab No: Method Blank LCS LCSD 

Date Analyzed: 11121108 11121108 11121108 

Data File ID: 21NOV008.D 21NOVOOJ.D 21NOV004.D 

Analyst Initials: VM VM VM 

Dilution Factor: 0.2 1.0 1.0 

ANALYTE 
Rl!Sult Spike Result 

%Rcc 
Result 

%Rcc 
ppbv Amount ppbv ppbv 

RPD 

1,1-Dichlorocthcnc 0.0 10.0 10.4 104 10.6 106 1.9 

Methylene Chloride 0.0 10.0 11.3 113 I 1.0 110 2.9 

Trichlorocthcnc 0.0 10.0 9.5 95 9.5 95 0.1 

Toluene 0.0 10.0 10.0 100 !0.2 102 1.6 

1,1,2,2-Tctrachlorocthnne 0.0 10.0 9.1 91 9.2 92 1.1 

RPD """ Relative Percent Difference 

Low 
%Rec 

70 

70 

70 

70 

70 

Page 6 of 15 
A8111705 

Limits 

lllgh Mou. Pass/ 
0/cRec RPD Fail 

130 30 Pass 

130 30 Pass 

130 30 Pass 

130 30 Pass 

130 30 Pass 

Reviewed/Approved By: ~g!fl!l_ · 
Mark John~ 
Operations Manager 

Date: __ LI ~.-=+4--_fv_r __ 

Th~ t<wcr!dtc:r u mmlcgral part o(lhi!l1!llalybcal.rcport 

AirTECHNOLOGY Laboratories, lnr:. 

18501 E. Gale Avenue, Suite 130 + City of!ndustry, CA 91748 + Ph: (626) 964-4032 + Fx: (626) 964-5832 



Client: 

Attn: 

Client's Project: 

Date Received: 

Matrix: 

Units: 

Wenck Associates 

Marion Mnckowick 

MDU-Billings,1987-04 

11/17/08 

Air 

ppbv 

EPA Method TOJS Tentatively Identified Compounds (Library Search) 

Lab No: A81II705~0I 

Client Sample I.D.: Weii3-A 

Da-te Sampled: 11/13/08 

Date Analyzed: I 1120/08 

QC Batch No: 081120MS2AI 

Analyst Initials: VM 

Dilution Factor: 110 

Tentative Identification Estimated Result (ppbv} 

Isobutanc 24,000 

Butane 16,000 

2-Methyi-Butanc 58,000 

Ethanol 17,000 

Pentane 17,000 

2-Mcthyl-Pcntane 13,000 

Hexane 10,000 

Ethyl Acetate 7,900 

3·Mcthyl-Hexanc 9,200 

Reviewed/Approved By: 1 44d!J1 ' 
MarkJoh4l · 
Operations Manager 

Tile cover lener is an integral pan oflhis anal}1!~al repon 

A i rT E C H N 0 L 0 G Y Laboratories, Inc. 

Page 7 of15 
A8111 705 Page, of1 

18501 E. Gale Avanue, Suite 130 + City of industry, CA 91748 • Ph: (626) 964-4032 • Fx: (626) 964·5832 

~0 



Client: 

Attn: 

Client's Project: 

Date Received: 

Matrix: 

Units: 

Wenck Associates 

Marlon Mackowick 

MDU-Billings, 1987-04 

11117/08 

Air 

ppbv 

EPA Method TOIS Tentatively Identified Compounds (Library Search) 

Lab No: A8111705~02 

Client Sample J.D.: Well3~B 

Date Sampled: 11113108 

Date Analyzed: 11/20/08 

QCBatch No: 081120MS2A1 

Analyst Initials: VM 

Dilution Factor: 84 

Tentative Identification Estimated Result (ppbv) 

!so butane 20,000 

Butane 13,000 

2~Methyl-Butane 47,000 

Ethanol 14,000 

Pentane 14,000 

2-Methyl-Pentane 11,000 

Hexane 8,500 

Ethyl Acetate 6,700 

2~Methyl-He:'i:anc 4,600 

3-Methyi~Hexane 7,500 

r If/} J!' 
Reviewed/Approved By: /;J,~ ~ · 

Mark Jolm · v 
t 
' 

Operations Manager 

The cover kttcr is an mtcgra! pnrt oflius analytic~\ report 

&t.irTECHNOLOGY Laboratories, Inc. 

Page 8 of 15 Page1 '" 

A8!1!705 

18501 E. Gale Avenue, Suite130 + Cilyof/ndustry, CA 91748 • Ph: (626) 964-4032 • Fx: (626) 964-5832 



Client: 

Attn: 

Client's Project: 

Date Received: 

Matrix: 

Units: 

\Venck Associates 

.Marlon Mackon·ick 

MDU-Billings, 1987-04 

11/17/08 

Air 

ppbv 

EPA Method TOlS Tentath,ely Identified Compounds (Library Search) 

Lab No: A8Il1705-04 

Client Sample J.D.: We112-B 

Date Sampled: ll/13108 

Date Analyzed: I 1/21108 

QC Batch No: 081121MS2AI 

Analyst Initials: VM 

Dilution Factor: 110 

Tentative Identification Estimated Result (ppbv) 

Isobutane 5,200 

Ethanol 4,200 

Isopropyl Alcohol 6,900 

Dimethyl Sulfide 3,600 

2-Butanol 8,900 

2-Butanone 6,200 

Ethyl Acetate 4,700 

Tetrahydrofuran 3,000 

Methyl cyclohcxnne 4,000 

lR-.alpha.-Pinenc 3,200 

Reviewed/Approved By: 1 ~adl 
Mark ,Jotili · 
Operations Manager 

The cover lt::tter IS an in1egml part oftlus analytical n:por1 

AirTECHNOLOGY Laboratories, Inc. 

Page 9 of15 
A81!1705 Page1 or1 
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Client: 

Attn: 

Client's Project: 

Date Received: 

i\'latrix: 

Units: 

\Venck Associates 

Marlon Mackowick 

MDU-Billings,l987-04 

ll/17/08 

Air 

ppbv 

EPA Method T015 Tentatively Identified Compounds (Library Search) 

Lab No: A8111705-05 

Client Sample I.D.; Wclll~A 

Date Sampled: ll/13/08 

Date Analyzed: 11121/08 

QC Batch No: 081111MS2Al 

Analyst Initials: VM 

Dilution Factor: 82 

Tentative Identification Estimated Result {ppbv) 

!so butane 5,200 

Ethanol 8,300 

Isopropyl Alcohol 4,600 

]-Propanol 3,800 

2-Butanol 5,100 

2-Butanonc 6,900 

Ethyl Acetate 5,600 

Tctrahydrofuran 2,300 

3-l\:Iethyi-Hexanc 3,000 

Methyl cyclohexane 2,900 

4r II J !l /-1 
Reviewed/Approved By: b4J PIJ-, _ 

Mark Johnson ' 
Operations Manager 

The cover h.:ttcr is an ifltcgral pan of this analytical repon 

AilfTECHNOLOGY Laboratories, Inc. 

Page 10 of15 Pa 01011 
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Client: 

Attn: 

Client's Project: 

Date Received: 

~latrix: 

Units: 

\Venck Associates 

1\'IarJon .Mackowick 

MDU-Billings, 1987-04 

11/17108 

Air 

ppbv 

EPA l\:Icthod TOJS Tentatively Identified Compounds (Library Search) 

Lab No: A8111705-06 

Client Sample I.D.: Well J-B 

Date Sampled: 11/13/08 

Date Analyzed: 11/20/08 

QC Batch No: 081120MS2AI 

Analyst Initials: VM 

Dilution Factor: GB 

Tentative Identification Estimated Result (ppbv) 

lsobutane S,..'iOO 

Ethanol 9,400 

Isopropyl Alcohol 4,600 

!-Propanol 4,700 

2-Butnnol 6,700 

2-Butanone 8,200 

Ethyl Acetate 6,400 

Tetrahydrofuran 2,500 

3-Methyl-llex:ane 2,800 

Cyclohexane 2,600 

Page 11 of 15 
A8111705 Pagel of1 

Reviewed/ Approved Bye;;.: =:-;-:-;c:-c-~J/ld'-,1/'f~-+-1 _,r_=::::__:_ __ ~-+lj<f-!'-~'-'/''-"'
.Mark Johnson P 
Operations Manager 

11u! t:ovcr lcncr is an in1egral pan of this ana1)1ical repon 

AirTECHINOLOGY Laboratories, Inc. 

18501 E Gale Avenue, Suite 130 • City oflnduslry, CA 91748 + Ph: (626) 964-4032 + Fx: (626) 964-5832 



Client: Wenck Associates 
Attn: Marlon Mackowick 

Client's Project: MDU-Billings, 1987-04 
Date Received: 11117/08 
Matrix: Air 
Units: ppbv 

II EPA Method T015 (Siloxanes) -

Lab No: 

Client Sample lD.: 
Date Sampled: 
Date Analyzed: 
QC Batch No: 

Analyst Initials: 
DiJution Factor; 

ANALYTE PQL 
Hexamethvldisiloxane 10 

Hexamethylcyclotrisiloxane 10 

Octamethyltrisiloxane 10 

Octamethylcyclotetrasiloxane 10 

Decamethyltetrasiloxane 10 

Decamethylcyclopentasiloxane 50 

Dodecamethylpentasiloxane 200 

PQL =Practical Quantitation Limit 
ND= Not Detected (below RL) 
RL = PQL X Dilution Factor 

A8111705-01 A8111705-02 

Well3-A Weli3-B 

11113/08 11/13/08 
11/20/08 11/20/08 

081120MS2Al 081120MS2A1 
VM VM 
110 84 

Result RL Result RL 
ND 1,100 ND 840 

ND 1,100 ND 840 

ND 1,100 ND 840 

ND 1,100 ND 840 

ND 1,100 ND 840 

ND 5,600 ND 4,200 

ND 22,000 ND 17,000 

Reviewed/Approved By: --::-:---Jf.J;JI':+:f-1//); '+;6!.:::~~::..::.....-·--::f--/-
Mar~;;;,n ?-
Operations Manager 

. The cover letter is an integra( part ofthis analytical report 

A811170S-04 

Well2-B 

11/13/08 
11/21/08 

081121MS2Al 
VM 
110 

Result RL 
ND 1,100 

ND 1,100 

ND 1,100 

ND 1,100 

ND 1,100 

ND 5,600 

ND 22,000 

AirTECHNOLOGY Laboratories, Inc. 

Page 12of15 
A8111705 

A8111705-0S A8111705-06 

Well1-A Well1-B 

11113/08 ll/13/08 
11121/08 11/20/08 

081121MS2A1 08!!20MS2Al 
VM VM 
82 68 

Result RL Result RL 
ND 820 ND 680 

ND 820 ND 680 

ND 820 ND 680 

ND 820 ND 680 

ND 820 ND 680 

ND 4,100 ND 3,400 

ND 16,000 ND 14,000 

Date ~('-l-'-)'-"d--"-Y __ 

page 1 of 1 

18501 E. Gale Avenue, Suite 130 + City of/ndustry, CA 91748 • Ph: (626) 964-4032 + Fx: (625) 954-5832 
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Client: \Venck Associates 
Attn~ Marlon Mackowick 

Client's Project: 
Date Received: 
Matrix: 
Units: 

MDU-Billings 1987-04 
ll/17/08 
Air 
ppmv 

Pagel3of15 
A8111705 

L-----------------------~E=P~A~1=5/~1~6~(=S=uli~ur~C~o=m~p~o~u~n~d=s=in~A~ir~)----------------------~ 

Lab No.: 

Client Sample J.D.: 

Date Sampled: 
Date Analyzed: 

Analyst Initials: 
QC Batch: 

Dilution Factor: 

ANALYTE PQL 
Hydrogen Sulfide 0.20 

Carbonyl Sulfide 0.20 

Methyl Merca~tan 0.20 

Ethyl ~Icrcaptan 0.20 

Dimethyl Sulfide 0.20 

Carbon Disulfide 0.20 

Dimethyl Disulfide 0.20 

PQL =Practical Quantitation Limit 
ND =Not Detected (Below RL) 

A8111705-01 

Weii3-A 

11/13/08 
11/17/08 

VM 
08lll7GC3AI 

2.8 
RL Results 

5.6 36 

0.56 ND 

0.56 1.3 

0.56 ND 

0.56 3.6 

0.56 0.87 

0.56 ND 

RL =Reporting Limit= PQL X Dilution Factor 

A8111705-02 

We113-B 

11/13/08 
11/17/08 

VM 
08lll7GC3Al 

2.8 

RL Results 

5.6 34 

0.56 ND 

0.56 1.1 

0.56 ' ND 

0.56 3.0 

0.56 0.71 

0.56 ND 

Reviewed/Approved By: n1M- /_ 
Mark J osbn t 
Operations Manager 

The C{Wt:f h:lh:r is an integral part nf this analylical report 

A8111705-04 

Weii2-B 

ll/13/08 
11117/08 

VM 
08lll7GC3A! 

2.8 
RL Results 

5.6 52 

0.56 ND 

0.56 2.4 

0.56 ND 

0.56 7.0 

0.56 ND 

0.56 ND 

AirTECHNOLOGY Laboratories, Inc. 

A8111705-05 

Weii1-A 

11/13/08 
11117/08 

VM 
08lll7GC3A! 

2.7 

RL Results 

0.55 ND 

0.55 ND 

0.55 ND 

0.55 ND 

0.55 2.3 

0.55 NO 

0.55 NO 

Date: 

18501 E. Gale Avenue, Suite 130 • City of/nduslfY, CA 91748 • Ph: (626) 964-4032 • Fx: (626) 964-5832 

A8111705-06 

We111-B 

11/13/08 
ll/17/08 

VM 
081117GCJA1 

2.7 
RL Results 

0.55 20 

0.55 NO 

0.55 1.3 

0.55 NO 

0.55 2.5 

0.55 NO 

0.55 ND 



Response No. MCC-077 
Attachment D 

Response No. MCC-077 
Attachment D 
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Scenario I - Complete in 2009 

BILLINGS, MT LANDFILL GAS PROJECT -OWNED BY MDU 

Assumptions: 
• MDU would own the landfill gas system when it goes on line. 

• Complete and in service at the end of 2009 

• Renewable Energy Credits (RECs) or green tags are available but not part of modeled revenue 

• Tax rate- 39% 

• 50% I 50% ratio with a debt cost of 7.0% for financial 

• 2008 average capital structure for revenue requirement 

• Tax depreciation- 15 Year MACRS 

• Capitalization is based on net plant book value less future tax liability (DITs) 

·Assumes minor capital expenditures with major investment in Year 16 

• Assumes an after-tax equity return of 10% (pre-tax 16.67%) 

• There is a possibility for a property tax credit for new or expanding project 

• 15% ES and GA overheads on first $1.0 million of investment 

• AFUDC rate of 7.2% annually 
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Scenario II- Final payment in Jan 2010 

BILLINGS, MT LANDFILL GAS PROJECT -OWNED BY MDU 

Assumptions: 
• MDU would own the landfill gas system when it goes on line. 

• Complete and in service at the end of 2009, final payment in January 2010 

• Renewable Energy Credits (REGs) or green tags are available but not part of modeled revenue 

• Tax rate- 39% 

• 50% I 50% ratio with a debt cost of 7.0% for financial 

• 2008 average capital structure for revenue requirement 

• Tax depreciation - 15 Year MACRS 

• Capitalization is based on net plant book value less future tax liability (DITs) 

• Assumes minor capital expenditures with major investment in Year 16 

• Assumes an after-tax equity return of 10% (pre-tax 16.67%) 

• There is a possibility for a property tax credit for new or expanding project 

• 15% ES and GA overheads on first $1.0 million of investment 

• AFUDC rate of 7.2% annually 

l4 
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Scenario Ill - Completed in 201 0 

Billings, MT LANDFILL GAS PROJECT -OWNED BY MDU 

Assumptions: 
• MDU would own the landfill gas system when it goes on line. 

• Complete and in service 2010 

• Renewable Energy Credits (RECs) or green tags are available but not part of modeled reve 

• Tax rate- 39% 

• 50% I 50% ratio with a debt cost of 7.0% for financial 

• 2008 average capital structure for revenue requirement 

• Tax depreciation- 15 Year MACRS 

• Capitalization is based on net plant book value less future tax liability (DITs) 

·Assumes minor capital expenditures with major investemnt in Year 16 

• Assumes an after-tax equity return of 10% (pre-tax 16.67%) 

• There is a possibility for a property tax credit for new or expanding project 

• 15% ES and GA overheads on first $1.0 million of investment 

• AFUDC rate of 7.2% annually 
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October 2011 Update 

Billings, MT LANDFILL GAS PROJECT -OWNED BY MDU 

Assumptions: 
• MDU owns the landfill gas system 

• Complete and in service 2010 -year 1 is 2011 

• Renewable Energy Credits (REGs) or green tags are part of model 

• Tax rate- 39% 

• 50% I 50% ratio with a debt cost of 7.0% for financial 

• 2010 average capital structure for revenue requirement 

• Tax depreciation - 15 Year MACRS 

• Capitalization is based on net plant book value less future tax liability (DITs) 

·Assumes minor capital expenditures with major investemnt in Year 16 

• Assumes an after-tax equity return of 10% (pre-tax 16.67%) 
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