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ABSTRACT

An integrated systemto utilize the waste coal m ne nethane (CMM) at the Federal No. 2
Coal Mne in West Virginia was designed and built. The systemincludes power
generation, using internal conbustion engines, along with gas processi ng equi pnment to
upgrade sub-quality waste nethane to pipeline quality standards. The power generation
has a nominal capacity of 1,200 kw and the gas processing systemcan treat about 1
mllion cubic feet per day (1 MMCFD) of gas. The gas processing is based on the

Nort hwest Fuel Devel oprent, Inc. (NW Fuel) proprietary continuous pressure sw ng
adsorption (CPSA) process that can renove nitrogen from CMM streans.

The two mmj or conponents of the integrated system are synergistic. The byproduct gas
stream from the gas processi ng equi pnent can be used as fuel for the power generating
equi pnent. In return, the power generating equi pnent provides the nom nal power

requi renents of the gas processing equi pnent.

This Phase |11 effort followed Phase I, which was conprised of a feasibility study for
the project, and Phase |Il, where the final design for the conmmercial-scale
denonstrati on was conpl eted. The fact that NWFuel is desirous of continuing to
operate the equi pment on a comercial basis provides the validation for having
advanced the project through all of these phases.

The limtation experienced by the project during Phase IIl was that the CMM avail abl e
to operate the CPSA systemon a commercial basis was not of sufficiently high quality.
NW Fuel s CPSA process is limted in its applicability, requiring a relatively high
quality of gas as the feed to the process. The CPSA process was denonstrated during
Phase 11l for a limted tinme, during which the processing capabilities nmet the
expected results, but the process was never capable of providing pipeline quality gas
fromthe available |low quality CMM The NW Fuel CPSA process is a |owcost “polishing
unit” capable of remobving a few percent nitrogen. It was never intended to process
CW streanms containing high I evels of nitrogen, as is now the case at the Federal No.2
M ne.

Even | acking the CPSA pipeline delivery denonstration, the project was successful in

| aying the groundwork for future commercial applications of the integrated system
This operation can still provide a guide for other coal nines which need options for
utilization of their nethane resources. The designed system can be used as a conplete
tenpl ate, or individual conponents of the system can be segregated and utilized
separately at other mnes

The use of the CWMM not only provides an energy fuel from an otherw se wasted resource,
but it also yields an environnmental benefit by reducing greenhouse gas em ssions. The
nmet hane has twenty tines the greenhouse effect as conpared to carbon di oxi de, which

t he conbustion of the nethane generates. The net greenhouse gas enission nitigation

i s substanti al



TABLE OF CONTENTS

Titl e Page

Di scl ai ner
Abstract

Tabl e of Contents
Li st of Exhibits

l. EXECUTI VE SUMVARY

. | NTRODUCTI ON
A. Site Information
B. Mning Overview
C. Methane Drainage and Utilization
D. Coal Characteristics

[11. RESULTS AND DI SCUSSI ON
A. Federal No. 2 Mne Gas Availability

1. Historical Methane Eni ssions
a. Air Shaft Em ssions
b. Gob Vent Hol es

2. Project Methane Em ssions
a. Air Shaft Em ssions
b. Gob Gas Vent Hol es

(1). Gob Vent Blower Tests — 1996

(2). Gob Vent Blower Tests — 1998

B. Federal No. 2 Methane Resource/ Reserve
1. Coal Seam Gas Resources
Ol and Gas Well Contribution
O her Potential Sources
Met hane Resource Estimate from M ne Em ssions
Resource Concl usi ons
Phase 11l Results

ook wWN

C. Technol ogy Application
1. Conprehensive Pl an
2. Devel oprment Strategy
3. Fuel Supply
4. Generating Equi pment

a. Siting Logistics/Site Devel opnent

b. Internal Combustion Engine Prime Myvers
c. Electrical

d. Exhaust

e.

Air Shaft Eni ssions for Conbustion Air

5. Gas Processing
a. Nitrogen Rejection Units (NRU)
(1). Pressure Swing Adsorption (PSA)
(2). Continuous PSA (CPSA)
b. Carbon Di oxi de Renoval
c. Dehydration

Page

i
i
iv
Vi

NN~N NN GO aNN e

o
~ U1© © ©

21
23
24
28
30
30

31
31
34
35
41
41
41
43
49
49

53
53
53
54
54
55



TABLE OF CONTENTS
(Conti nued)

D. Phase Il Operating Results
1. Power GCeneration
2. Nitrogen Rejection — CPSA

E. Economi c Analysis

Federal No. 2 Mne Electricity Rates

Power Generation Equi pment Capital Costs

Power Generating O & M Costs

Gas Processing Capital Costs

Gas Processing Operating and Mai ntenance Costs
Di scounted Cash Fl ow Anal ysi s

QuA W E

F. Permitting
1. Federal Energy Regul atory Conm ssion (FERC)
2. Air Emissions Permts
3. Gas Well Pernits
4. Land Omership Review
| V. CONCLUSI ONS
V. REFERENCES

VI. LIST OF ACRONYMS AND ABBREVI ATI ONS

APPENDI CES
A. Pittsburgh Coal Seam Geol ogy
B. Gob Vent Bl ower Tests — 1998
C. Power Generation Capital Cost Detail

D. Source Em ssion Tests: NO, and CO

Page

55
55
58

60
60
61
61
61
61
61

63
63
63
63
64
64
65

68

69
84
87

94



EXH BI' T
EXH BI' T
EXH BI' T
EXH BI' T
EXH BI' T

EXH BI' T
EXH BI' T
EXH BI' T
EXH BI' T
EXH BI' T

EXH BI'T
EXH BI' T
EXH BI' T
EXH BI' T
EXH BI' T

EXH BI' T

EXH BI' T

EXH BI' T
EXH BI' T
EXH BI' T

EXH BI' T
EXH BI' T
EXH BI' T
EXH BI' T
EXH BI' T

EXH BI' T
EXH BI' T
EXH BI' T
EXH BI' T
EXH BI' T

EXH BI' T
EXH BI' T
EXH BI' T
EXH BI' T
EXH BI' T

EXH BI' T
EXH BI' T
EXH BI' T

SR

12.
13.
14.
15.

16.

17.

18.
19.
20.

21.
22.
23.
24.
25.

26.
27.
28.
29.
30.

31.
32.
33.
34.
35.

36.
37.
38.

COxN©O

LI ST OF EXH BI TS

Project Site - Federal No. 2 M ne

M nes in the Pittsburgh Coal Seam

Federal No. 2 M ne Coal Production

Federal No. 2 Mne Air Shaft Methane Em ssions
Gob Gas Vent Data - Federal No. 2 Mne 1990/91

Federal No. 2 mine Air Shaft Methane Liberations
Project Primary Area

Gob Vent Hol e Locations

Gob Gas Vent Data Federal No. 2 M ne 1995

Gob Vent Bl ower Test Results — (9/96)

Vent #29 Pressure Recovery — A

Vent #29 Pressure Recovery — B

Vent #29 Fl ow Potenti al

Coal and Gas Resources - Federal No. 2 M ne
Federal No. 2 Mne - Northeast Quadrant

Met hane Fl ow Rat e:
Left Air Course, Northeast Quadrant
Met hane Fl ow Rat e:

Ri ght Air Course, Northeast Quadrant
Predi cted M ne Met hane Em ssions
Waste Methane Utilization Systens Schematic
Gob Gas Gathering System — Surface Routing

Pi peline Schematic — Pressure Profile
Vent #29 Well head Configuration

Vent #30 Well head Configuration

On Site Fuel Supply System

Generator Site Layout

Engi ne/ Censet Layout

Engi ne Control System

Protecti ve Rel ay One-Line Di agram
Layout for Estimating Wre Requirenents
Generator Electrical Controls

Exhaust Stack Design

Exhaust Gat hering Line Design

Pi pi ng/ Equi prrent for Conbustion Air
PSA Process Di agram

CPSA Process Di agram

Phase 111 Power Generation

CPSA Test Results
Power Generation Capital Costs

Vi

Page

w

o el F N

10

12
13
14
16

18
19
20
22
25

26

27
29
32
36

37
38
39
40
42

44
45
46
47
48

50
51
52
54
56

57
59
62



I . EXECUTI VE SUMVARY

Nort hwest Fuel Devel opnent, Inc. (NW Fuel) confirned the technical and econonic
viability for utilizing coal mne nmethane (CMV) at the Federal No. 2 M ne
during Phases | and Il of this project. This Mne in northern West Virginia

al ready had a programto capture pipeline quality gas and deliver it to a
natural gas pipeline. The NW Fuel project used sub-quality CvMfromthe M ne.
The project utilized the sub-quality gas directly in power generation and was
to upgrade sonme gas that was nearly pipeline quality for delivery of that gas
to a natural gas pipeline. The proposed project was to conpl enent the existing
activities and capture additional nethane which would otherwi se be emtted into
the atnosphere. This was a |logical project for this Mne. The Federal No. 2
M ne has a history of applying innovative methane drainage techni ques to

i mprove the safety and productivity of the mning operations.

The proposed project was to capture a significant anmount of the non-pipeline
qual ity nmethane whi ch was being rel eased from gob gas vent holes. The power
generating conponent of the project utilized nethane from gob vent holes in the
southern part of the Mne - the Project Area. Two segnents of the southern
part of the Mne were seal ed during the execution of Phase Ill of the Project.
It was expected that this would enhance the potential fuel supply as the
ventilation air would no |onger be circulated in these areas. That was not the
case in the first sealed area. The nethane concentration in that area has not
ri sen over 14% net hane, even though it has been seal ed for several years.
Fortunately, the concentration of nethane in the second seal ed area exceeded
60% wi t hi n nont hs of the sealing.

The prior design effort showed that there are adequate gas resources in the
Project Area. The Project Area contains over 4 x 10° n? (20 BCF) of gas for
future. This would be enough fuel to support an order of magnitude nore

el ectric power generation than was installed for the current one (1) MW
proj ect.

The equi prent was all installed at the site of the fornerly active Parrish
Shaft. The generating units were located at this central location in order to
expedi te operation and nmai ntenance of the facility. Gas was brought to the
site fromgob wells that were 0.25 to 1.2 mles away. This gas suppl emented
with an on site gas source. A substation for delivering the generated
electricity had been originally placed at that |ocation for operating the fan
at the Parrish Shaft. Eastern Associated Coal Corp. (EACC) purchased all of
the generated electricity fromthe equi pnent under a |letter agreenent with NW
Fuel . The project only needed to install a transformer at the Parrish Shaft to
rai se the generated 480 volts to 4160 volts, so it could be delivered to EACC.

There was 5.6 nmillion kWh of electricity generated during two years of the
Phase 111 operation. Mre would have been generated, but the gob wells did not
provi de the anobunts of gas that Phase Il testing indicated they would. Only

after the on-site grout vent pipe provided supplenental fuel were the
generators able to produce nore than a few hundred kilowatts (kW.

A new installation of this project may not be economically viable. This is due
to the current low electric rates being paid by mne operators and the higher-
t han- expected operating costs. Once the |ocal operators becone nore conversant
with the equiprment they will be able to nmanage the equi prment without the
expense of sending managers to the site for direct supervision. That will
likely allow such an installation to provide a decent rate of return



The CPSA equi pnent woul d have all owed for the delivery of pipeline quality gas
fromthis project, had the feed gas been available at the Phase Il quality
levels. This installation would have paid out an after-tax return of 20%to
35% The byproduct streamfromthe NRU was to be used to fuel the power
generators. This would have allowed the best matching of gas streamquality to
the utilization technol ogy.

This was to be the first-of-a-kind waste nethane project. Sub-quality gas
woul d be upgraded for pipeline delivery. The byproduct stream fromthe gas
processing was to be used for power generation, with supplenental fuel com ng
fromlower quality gas fromgob wells. Conbustion air for the power generation
was to come fromthe air shaft em ssions fromthe M ne.

Even with the shortfalls in the total systemintegration, the techniques
devel oped at this site are still applicable to the nmany other mnes operating
in the Pittsburgh Coal bed and readily adaptable to mnes in other coal seans
t hroughout the US and foreign countries.

I'1. | NTRODUCTI ON
A. Site Information

This coal m ne nethane project was devel oped at the Federal No. 2 Mne in
northern West Virginia. The Mne is owned and operated by Eastern Associ ated
Coal Corp. (EACC). EACC is a subsidiary of Peabody Hol di ng Conpany, |nc.

(PHC). These Conpani es have shown a continual conmitnent to nmethane capture
and utilization at this Mne. There was already one comerci al operation which
captured pipeline quality nethane from gob vent holes at the Mne. That gas
was delivered to a natural gas pipeline. This project is owned and operated by
Dom ni on Expl orati on and Production, Inc. (DEPI). Since there were additiona
nmet hane sources available for utilization, PHC initiated the current project in
an attenpt to capture that nethane and put it to conmercial use. Northwest

Fuel Devel opnent, Inc. (NW Fuel) becane a co-sponsor of the project with its
experience in coal mne nethane recovery and utilization

The M ne location in northern West Virginia is depicted in Exhibit 1. This
Mne fornerly had an active shaft portal |ocated at 39° 40' 30" |atitude, 80°
19" 0" longitude. Mning operations are in the Pittsburgh Coal Seam which is
purported to be the largest single coal seamin the US. The Federal No. 2 M ne
is surrounded on three sides by other mines which are active in the Pittsburgh
Seam as shown in Exhibit 2. The Pittsburgh Seam di ps towards the east in this
area and there is still virgin coal on the west flank of the M ne.

Gas rights on various parcels within the M ne boundary are | eased to a nunber
of different conpanies, including EACC, Equitable, Carnegie, Hope, and
Pennzoil. Not all oil and gas rights are | eased, and NW Fuel acquired key gas
| eases, which were required for the project.

There are 5 pipelines which traverse the property. These |ines were owned by
Hope (15cm and 25cm 6" and 10"), Carnegie (30cnm 12") and Equitable (30cm and
40cnm 12" and 16") (TRW. The Hope Natural Gas pipelines have been sold to
Eastern States G| and Gas. One of those lines is within a hundred yards of
the Parrish Shaft. That woul d have nmade the proposed natural gas sales quite
easy.



EXH BIT 1.

Project Site — Federal No. 2
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EXHBIT 2. Mnes in the Pittsburgh Coal Seam.
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B. M ning Overview

The Federal No. 2 M ne began production in 1967, originally using continuous
m ni ng techni ques and | ater developing longwalls (U ery and Mdlinda). Early
entries were driven by a tunnel boring machi ne but nost now are driven by
conti nuous-m ning machi nes. The longwall operation is now producing from
"super" longwall panels. The Mne is operating at a depth of ~240m (800 feet)
in the Pittsburgh Coal bed.

Yearly coal production has generally risen quite consistently. It was
produci ng about one mllion netric tons per year (Mvrtpy) in the early 70's and
was yielding over 4 MMt py at the beginning of the current project (see Exhibit
3). Nearly 60 MM netric tons of coal have been renoved fromthe M ne during
its 28 years of active mning.

C. Methane Drainage and Utilization

The current DEPI commercial project is not the first attenpt at nethane capture
at the Federal No. 2 Mne. There were even conmmercial sales of coal bed nethane
fromthis Mne in the 1970's. The Federal No. 2 Mne has an extensive history
of testing novel techniques for coal degasification and gas utilization: (a)
virgin coal has been degassed at two sites using horizontal boreholes, (b)

smal | vertical borehol es have been tested for advance degas of coals, and (c)
directional drilling has been performed for advanced degasification
Additionally, isolation techniques have been used to degas coal panels prior to
m ni ng.

D. Coal Characteristics

In devel opi ng the proposed project, it was inportant to understand the coals
whi ch occur in the area of the Mne. |In addition the Pittsburgh Seam which is
bei ng m ned, there are overlying and underlying seams which contribute gas to
the mine ventilation system A general study of the coal characteristics was
made in Phase | of this project. This included a review of published
literature relating to West Virginia coals in general and the Mnongalia County
coals in particular. A synopsis of this background study is presented in
Appendi x A. It includes sections on Pittsburgh coal characteristics, |oca

geol ogy (stratigraphy and structure), in-situ coal bed pressures, and coa
permeability.

An inportant element of this study confirnmed the gas migration characteristics
of the Pittsburgh Seam coal. The blocky nature of this coal results in
extrenely |l ong gas adsorption and desorption tines. Conplete desorption can
take 60 to 600 days according to Hunt and Steele. Hence, the Pittsburgh coa
that is left behind during mning woul d desorb nethane for years after the

adj acent coal is renoved. That has been confirmed through observations of the
gob wells which were targeted for use in the proposed project.



EXH BIT 3. Federal No. 2 M ne Coal Production

M1 lions of Tons Per Year

(metric) (short)
Year MVt py MMTPY
1980 1.38 1.514
1985 2.35 2.588
1990 3.82 4.198
1991 3.99 4. 391
1992 3.92 4. 317
1993 1.19 1.311
1994 3.70 4. 067
1995 3.91 4.30
1996 4.18 4.60



I11. RESULTS AND DI SCUSSI ON
A. Federal No. 2 Mne Gas Availability
1. Historical Methane Eni ssions

Consi derabl e data are avail able regarding the historical nethane em ssions at
the Federal No. 2 Mne. These consist of measurements for both ventilation air
nmet hane and gob vent hole em ssions. Sone of the data have been published
whil e others have been devel oped through private funding and are held as
proprietary.

a. Air Shaft Em ssions

The air shaft nethane em ssions for US coal m nes have been surveyed and
publ i shed for many years (lrani et al, Grau and LaScola, and Grau). The US
Bureau of M nes conpiled data fromthe Mne Safety and Heal th Adm nistration
(MSHA) in order to publish the surveys. In 1985, the Mne enmitted 180 m¥/ mn
(9.2 MMCFD) of nethane fromits air shafts (G au).

More recent data from MSHA are compiled by the US EPA. Those data show the
Federal M ne emissions increased to over 270 m/min (14 MMCFD) in 1995 and 1996

It is useful to try and correlate the nmethane emissions fromthe Mne with the
coal production rate. A nunber of authors have pointed out the possibility of
such correlations (lrani and Kissell, Kissell et al, and TRW. As can be seen
in Exhibit 4, the Federal No. 2 Mne generally produces between 40 to 60 n¥ nmt
(1000 and 2000 CF/ton) coal that is mined. This ratio is considerably higher

only in years of |ow coal production. Owher nmnes in the Pittsburgh Seam have
conpar abl e net hane em ssion ratios (lrani et al, Gau and LaScola, and Grau).

Since the Pittsburgh Seam only contains about 8 ni¥/mt (200 cubic feet of nethane
per ton), there nust be other sources of nethane that contribute to the nethane
loading in the air ventilation stream Even if one doubles the Pittsburgh Seam
nmet hane content (to account for the 40% of coal which is left behind in the

M ne and which can rel ease nethane into the ventilation air) there is still a
maj or portion of the emtted nethane whose source has not been identified.

Thi s met hane conmes fromthe overlying and underlying coal seans which are not

m ned. These coal seans may be fractured by the novenent of surrounding strata
as the Pittsburgh Seamis mned and subsi dence occurs. The additional nethane
could also come fromother types of geologic strata, such as shal es or

sandst ones, which could be sources or reservoirs of nethane. Even gas and oi
wells drilled to deeper strata could be the conduit for nethane into the mning
area. The nmethane emi ssion ratio in Exhibit 4 accounts for all of these
sources, including the gas fromthe Pittsburgh Seam

b. Gob Vent Hol es

There is another source of nmethane em ssions at the Federal No. 2 Mne that s
not included in the aforenmentioned em ssions values. The gob vent hol es, which
are drilled in advance of |ongwall mning, produce nethane after the | ongwal
machi ne has passed under the vent hole. These are drilled through the
overlying coal seans and do not penetrate into the Pittsburgh Seam The gob
vent hole em ssions are considerably I ower than the air shaft em ssions, but
they are significantly nore concentrated. It was estimated that the gob vent
hol es at this Mne coul d have produced as nuch as 30 m¥/mn (1.5 MVCFD) of

met hane in 1987 (S66t, 1990). This was based on anal ogies with other mnes



EXH BIT 4. Federal No. 2 Mne Air Shaft Methane Em ssions

Met hane Coal Met hane

Fl ow, Pr oducti on, Emi ssion Ratio
n¥/ min MVCFD MVITPY MVnt py SCF/ Ton e/ nt

1971 160 8.1 1.72 1.56 1720 54
1973 130 6.7 0.74 0.67 3310 100
1975 160 8.1 0.94 0.85 3150 99
1980 150 7.6 1.51 1.37 1830 58
1985 180 9.2 2.59 2.35 1300 40
1996 280 14.3 4.60 4.18 1130 35
Aver age 1500* 47*

*Aver age, excluding 1973 & 1975 data



operating in the Pittsburgh Seam From actual data, which were acquired nore
recently, it has becone evident that the gob vent hol es produce |less than 10
m/mn (1 MVCFD).

The field data for historic gob gas enmissions cane from surveys of the vent

hol es by CNG Produci ng Conpany (CNGP) in 1990 and 1991. The results of these
surveys are presented in Exhibit 5. The aggregate em ssions fromthe 28 vent
hol es which were surveyed were about 500 MCFD of nmethane. As a result of these
surveys, CNGP initiated the commercial project which now gathers pipeline
quality gas fromvent holes in the northern part of the Mne. (CNGP was sold
to Dominion since the initiation of this project.) This gas is delivered into
a nearby natural gas pipeline.

2. Project Methane Em ssions

In order to provide the basis for the present project, nore data were acquired
regardi ng the nethane em ssions fromthe Federal No. 2 M ne.

a. Air Shaft Em ssions

The M ne personnel provided methane enission data for all of the air shafts at
the M ne. These are tabulated in Exhibit 6. The two Shafts/Fans of greatest
interest were the Parrish and Spens Fans. These were closest to the origina
area of interest, as shown in Exhibit 7. O these two Shafts, the Parrish

Shaft is of nmore interest, since the nmethane concentration is higher. The 0.7%
at that Shaft is considerably higher than the 0.17% at the Spens Shaft. These
results are consistent with data which NW Fuel obtained from MSHA in 1991. At
that time the Spens Shaft emi ssions were at 0.14% and the Parrish Shaft was
emitting air with 0.9% nethane. These concentrations are inportant for the use
of the air as conmbustion air in a gas turbine.

b. Gob Gas Vent Hol es

The nethane fromthe gob gas vent holes in the northern end of the Mne is al
currently being captured by CNGP for delivery to a natural gas pipeline. The
total deliveries by CNGP are 10 n¥/nmin (500 MCFD). The production from those
i ndi vi dual vent holes were not surveyed.

The remaini ng gob vent holes, which enit nethane into the air, are in the
sout hern part of the Mne. These are in the Primary Project Area outlined in
Exhibit 1 (see page 3).

The | ocations of the individual vent holes in this Area are shown in Exhibit 8.

There were one to three vent holes drilled into each |Iongwall panel. The
results fromthe Phase | survey of these gob gas vent holes is presented in
Exhibit 9. It is fortuitous that the best vent holes, #21 and #29, were cl ose

to the Parrish Shaft. These Vents provided the highest quality gas and the
best flow rates. Vent #30 was observed to al so be producing significant
anmopunts of nethane. The pipe was cut down during Phase Il and measurenents
taken. The aggregate nethane production fromthe nmeasured vent holes in the
1995 survey was about 4 n¥/ min (200 MCFD). This is enough to fire about 600 kw
of electrical generating capacity. There was little doubt that additional flow
could be generated fromthe vents as was proved through bl ower tests which were
performed during Phase I1.



EXHIBIT 5.
GOB
GAS CH4 CO2 N2 H2S
VENT# DATE Vol% Vol% Vol% ppm
5 5/24/90
6 5/24/90 93.6 19 34 0
7  5/24/90
8  5/24/90 94.8 15 34 0
9  5/24/90 97.3 13 11 17
10  5/24/90 90.2 16 7.7 0
11 5/24/90 92.7 1.2 22 06
11 12/11/91 91.9 1.6 5.2 0
12 5/24/90 94.5 16 34 0
13 6/6/90
14 6/6/90
15 6/6/90 42.2 0.8 56.2 0
15 12/11/91 70.7 11 279 0
15A 6/6/90
16 6/6/90
17 6/6/90
18 6/6/90
19 6/6/90
20 6/6/90
21 6/6/90 93.5 3.7 21 15
21  2/26/91 93 3.8 24 6
21 12/11/91 93 3.7 24 30
22 6/6/90
23 6/6/90
24 6/6/90 73.5 1.2 25 0
24 12/11/91 71.7 2 26 0
25 6/6/90 85.7 16 124 0
25 12/11/91 87.8 21 9.8 0
26 6/6/90 96 0.9 18 04
26 12/11/91 97.7 0.8 0.7 0.2
27 6/6/90
27 12/11/91
28 6/6/90
29 6/6/90 96.8 1 1.7 15
29  2/26/91 93.8 17 4 30
29 12/11/91 93.6 24 35 8
30 6/6/90
30 2/26/91 0 0.1 999
31 6/6/90

FED/GOB Gas Vent 1990/91

Gob Gas Vent Data - Federal No. 2 Mine 1990/1991

USBM Gas Gas CH4 CH4
Reported Flow, Method Flow, Flow, Flow, Flow,
m3/hr MCED Factor m3/hr MCFED m3/hr MCED
0
7 6 0.69 5 34 5 31
Intake
77 65 0.73 60 4,174 57 3,957
136 115 0.73 106 13,065 103 12,712
28 24 0.69 21 538 19 485
66 56 0.71 50 3,013 47 2,793
34 29 0.71 26 808 24 743
39 33 0.71 30 1,046 28 989
Intake
Intake
47 40 0.72 36 1,559 15 658
19 16 0.72 15 249 10 176
Intake
Intake
Intake
Intake
0
0
113 96 0.72 87 8,980 82 8,396
76 64 0.72 58 3,991 54 3,712
51 43 0.72 39 1,802 36 1,675
0
0
53 45 0.72 41 1,973 30 1,450
34 29 0.72 26 819 19 588
95 80 0.72 73 6,236 62 5,344
45 38 0.72 35 1,407 30 1,235
30 25 0.72 23 609 22 585
18 15 0.72 14 219 13 214
0
Intake
Intake
157 133 0.72 121 17,235 117 16,684
85 72 0.72 66 5,051 61 4,738
59 50 0.72 46 2,436 43 2,280
Producing
Intake
0
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EXHIBIT 6. Federal No. Mine Methane Liberation

Quantity Quantity CH4 Methane
Liberation
EFan cfm m3/hr % m3/hr MMCFED
Broadwater 203,888 346,610 1.18% 4,090 3,464,640
Scott's Run 350,092 595,156 0.10% 595 504,000
C-Shaft 433,350 736,695 0.13% 958 810,720
Fordyce 352,980 600,066 0.10% 600 508,320
Spens 233,200 396,440 0.17% 674 570,240
Shear 235,625 400,563 0.95% 3,805 3,222,720
Parrish 282,895 480,922 0.70% 3,366 2,851,200
4-North 366,633 623,276 0.15% 935 792,000
Honey Run 360,288 612,490 0.25% 1,531 1,297,440

FED/GOB Meth Liberation
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EXH BIT 7. Primary Project Area
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Temp,

EXHIBIT 9. Gob Gas Vent Data Federal No. 2 Mine
1995
Gob
Gas CH4 o2 CO2 Temp,
Vent # Date Vol% Vol % Vol % C
5 4/14/95
5 6/20/95
5 712195
6  4/14/95
6  6/20/95
6 712195 86 29
7 712195
8  4/14/95 89
11 4/14/95 79
11 6/18/95 76 1 15
11 6/19/95 80 2.4 0.8 26
11 7/1/95 74 22
11 712195 84 18
12 6/19/95 57 6.3 0.8 26
12 711/95 66 24
13 6/19/95
13 711195
15 7/1/95
20 711/95
21  6/20/95 90 16 2 16
21 711195 88 18
22 4/14/95
22 6/20/95
22 7/1/95
24 6/18/95 44 9 4
24 6/19/95 61 8 0 25
24 711/95 61 24
25 6/18/95
25  6/19/95
25  6/20/95
25 7/1/95
26 711/95 92 31
27 6/19/95
27 711195
28 7/1/95
29  6/20/95 93 19 0.5 22
29 7/1/95 84 20
32 712195 79

14

E

85

78
72
65
78
76

61
65

77
75

87

72
68

Gas Gas CH4 CH4
Flow, Flow, Flow, Flow,
m3/min MCED m3/min MCED
0 5 0 4
5 265
1 37 1 28
1 38 1 30
0 20 0 15
1 26 0 22
1 33 0 19
0 18 0 12
4 201
1 48
1 41 1 37
1 44 1 39
1 70
1 41 0 18
1 50 1 31
1 41 0 25
1 38
1 51
0 22 0 20
3 141
1 41 1 38
1 44 1 37
0 9 7



There are consistent differences between the 1995 survey of gob vent hol es and
the earlier 1990/91 survey performed by CNGP. Sone observations were nmade when
conparing the results in Exhibit 5 (page 10) and Exhibit 9 (page 14). The

nmet hane concentration declined in virtually every vent from 1990/91 to 1995,

but the total gas flowrate remained quite constant. |n the case of Vent #24,

t he net hane concentration dropped, but the total gas flow rate actually

i ncreased to where nmethane flow rates were within 10% of each other

There were nore vents surveyed in 1990/91 and the aggregate total nethane flow
was close to 10 n¥/min (500 MCFD). There was a drop of 20-30%in the nethane
production fromthe vent holes which were surveyed in both tine periods. That
al l owed one to nmake an estimation of total flow fromall the vent holes in
1995, even though they were not all directly nmeasured. This was acconplished
by extrapolating the 1990/91 results with a 20-30% decrease in total nethane
flow. Based on this approach, there were 7 to 8 n¥/ min(350 to 400 MCFD) of

nmet hane being vented fromall of the gob vent holes in the Project Area. That
was enough fuel to support at |east 1000 kw even without any attenpts at flow
enhancenent .

(1) Gob Vent Bl ower Tests (1996)

Addi ti onal testing of gas production froma single gob well was perforned
during Phase Il. Vent #29 was selected due to its high gas quality and
positive flows during all previous nmeasurenents. This Vent was selected as the
primary fuel supply for this project.

Mne Gas flow from Vent 29 at the Federal No. 2 M ne was enhanced through the
use of a portable 16 hp bl ower unit. This blower was able to increase nethane
flow rates several fold fromthe natural convection rate of about 1n¥/ min (50
MCFD). In one case the enhanced flow was 4n¥/ min (200 MCFD). These higher flow
rates were acconpani ed by noderate changes in the nethane concentration of the
vent gas. The gas was neasured at 91% CH4 before bl ower operation and this
fluctuated between 84% and 89% during the bl ower trials.

Tests with the portable blower were carried out on two different occasions. On
Sept enber 24-26, the blower was run for an extended period of tine. Brief
additional tests were perforned on Cctober 1, 1996. A sunmmary of the Septenber
results are tabulated in Exhibit 10.

While fueled with the vent gas, the blower was able to inpart a vacuum of 20"
H,O (wat er gauge). When gasoline was used as the fuel for the engine, the
vacuum was able to be increased to 28" H,O. The change in nethane concentration
was not directly proportional to the vacuuminparted on the Vent. The
concentration appeared to recover even in the mddle of an extended run.

Reservoir pressure recovery data were obtained at the end of the Septenber
tests. Graphs of these data are presented in Exhibits 11 and 12. Wth the
rapid recovery of reservoir pressure after blower shut down, these tests showed
that this is a small-capacity fractured reservoir. The original reservoir
pressure returns within an hour of blower shutdown. NMbst of the recovery
occurs within the first 15 m nutes.

The test on Cctober 1 consisted of bl ower operation for about 1 hour and then
data were recorded for reservoir recovery pressures. The nmethane concentration
before the test was 90% It varied from 86-89% while the bl ower was running.
The reservoir pressure recovered to a positive value (from 29" HO vacuum in

| ess than one mnute.

15



EXHI BI T 10.

9/ 24/ 96 19: 00 hours -

Test
Ti me

(hrs):

0
16
18

19.
22.

39
41

42.

43.

6

4

Observati ons:

Gob Vent

under natura

convection

Bl ower Test Results (9/96)

CH,=91%

Bl ower started on gasoline and switched to vent gas
switch to gasoline
Fuel switch to vent gas

CH,=88% f uel

CH,=84%
CH,=89%
CH,=88%

CH,;=84% f uel
Bl ower shut off to neasure reservoir

Recovery Test:

switch to gasoline

HO

Recovery Vent
Tinme, mn. Pressure, "
0 -28
1 -5

2 - 4.25
8 - 3.5
10 - 3.25
12 - 3.62
14 - 3.5
16 - 3.5
18 + 0. 38
20 + 0. 38
50 + 0.57
Ran bl ower on gasoline

Bl ower shut

Recovery Test:

off to nmeasure reservoir

HO

Recovery Vent
Tinme, mn. Pressure, "
0 -28
1.5 - 0.81
2.5 - 0.31
3.5 - 0.06
5.5 + 0.19
10.5 + 0. 38
15.5 + 0.5
30.5 + 0.62
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pressure recovery



The gas production rates achieved with the bl ower during the Septenber and

Oct ober tests are presented in Exhibit 13. The highest flowrate in the

Sept enber test was about 150 MCFD of CH4, whereas the Cctober test was able to
produce 200 MCFD of CH4. There is no current explanation for this difference
of production rates since the vent pressure for both cases was conparable. The
data show a definite proportional relationship between the vacuum i nparted on
the vent and the nethane production rate. The data are sonewhat scattered, but
they were used for prelinmnary projections of flow fromthis Vent.

(Note: All of the recorded nmethane concentrations were nmeasured with a MSA

t hermal conductivity nmethanometer. This portable instrunent has been shown to
be accurate within +/- 2.5% of nethane concentrati ons when conpared to the
results froma gas chromatograph.)

(2) Gob Vent Blower Tests (1998)

The enhanced flow tests performed during 1996 were limted due to the size of
the bl ower which was enpl oyed. The 16 horsepower notor was not able to produce
the gas flow | evel s which woul d be needed for the comercial facility. The
early tests were valuable, since they allowed for the confirmation of higher
flows than the natural convection. They also provided for an extrapol ati on of

the flows. 1In order to make sure that sone unforeseen problenms would not arise
with the fuel supply for the conmercial facility, additional blower tests were
performed during 1998. A nuch |arger blower was used. A Tuthill positive

di spl acenent bl ower, driven by a 50 horsepower internal conbustion engine, was
used for these tests.

The details of the 1998 tests are provided in Appendix B. The pertinent
results are as foll ows:

1) Vent 29 was tested for 5 days and found to be capabl e of producing
over 4 m/min (200 MCFD) of gas containing 90% net hane.

2) Vent 30 was tested for 1 day and had a production capability in excess
of 10 m¥/mn (500 MCFD) of gas containi ng 80% net hane.

3) Vent 30 night have been capable of supplying the entire power
generating fuel requirenents.

4) Tests were run with well head vacuunms which were | ess than the design
conditions for the fuel supply system hoping to nake them
conservative tests.

5) The reservoirs were well fractured, although the fractures around the
wel | bore are of |imted size. After the blower was shut down, the
reservoirs returned to anbi ent pressure in about one m nute.

6) There appeared to be sone sub-surface comruni cati on between the two
Vents since pressures at one vent were affected by drawdowns at the
second vent.

The conclusion fromthese tests was that these two Vents woul d be capabl e of
providing the total fuel supply necessary for the power generating units to be
installed at the Federal No. 2 Mne. Vent 30 night have even been capabl e of
providing the total fuel supply. The other identified vents in the vicinity
woul d provide insurance that there would be enough fuel for the plant in the
long term

17
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EXH BIT 12. Vent 29 Pressure Recovery -
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EXH BIT 13. Vent #29 Fl ow Potenti al
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B. Federal No. 2 Methane Resource/ Reserve

The coal bed net hane resource in the Northern Appal achian Basin has been
estimated to exceed 1.7x10* n? (60 TCF) (Kelafant, et al). The Pittsburgh
Seam al one is projected to contain 200x10% m? (7 TCF) over a 15x10° n? (6, 000
square mle) area. The Federal No. 2 Mne covers 85x10°% n? (33 square miles) in
the heart of the Pittsburgh Seamregion. Since the mning operation rel eases
nore than the gas in the seambeing mned, it is inmportant to understand the
total gas resource in the Mne area. Estimtes of nethane resources which may
be liberated during the mning operation are always very difficult to assess
and a variety of factors will affect the actual enissions froma given mne

There are nunerous sources of gas which can enit nmethane into the nne
wor ki ngs. Coal seans above and bel ow the m ned Pittsburgh Seam can be

di sturbed sufficiently to rel ease nethane into the nmined-out area. O her

geol ogic strata contai n net hane source rocks and nethane reservoir rocks.
Nearby oil and gas wells can emit nethane into the Mne. It is virtually

i npossible to quantify these sources directly. The advantageous result in the
present study was that nore than one of the indirect nethods provided results
whi ch were quite conparable. That provided some assurance that the individua
nmet hods provi ded reasonabl e esti mates of methane gas resources at the Federa
No. 2 M ne.

1. Coal Seam Gas Resources

One nethod for estimating in situ gas resources within a region is by
deternmining the gas content of all coal seans in the stratigraphic colum,
defining the areal extent of the seanms and specifying the seamthicknesses.
The gas reserves of the entire Pittsburgh Seam vary based on assunptions for
bed thickness and gas content. The published estimates range from 17x10° n?
(600 BCF) by Deul (as referenced by Hunt and Steele), 45x10° n? (1.5 TCF) by
Di anond, et al, 110x10° n? (4 TCF) by A. D. Little (as referenced by Hunt and
Steele), and 200x10° n? (7 TCF) by Kel afant, et al

The aggregation of coal seans and gas contents was used to estimate the tota
gas in place within the coal seans at the Federal No. 2 Mne. It was assuned
that all of the identified coals may rel ease gas which could mgrate into the
m ne workings, or into the gob vent holes. Such migration can occur over a
consi derabl e vertical and horizontal distance. To understand this, one need
only consider the state of the subsurface before and after mning. Initially,
the geol ogical strata are nearly in a state of pressure equilibrium 1In the
geol ogi c assessnment in Appendix A, it was reported that the Pittsburgh Seam i n-
situ pressure ranged from 1500 to 2200 kPa (200 to 300 psig). Once the
Pittsburgh Seam coal is renmoved, that neans there is a significant pressure
differential between the remaining unm ned strata and the mine cavity. Such a
pressure driving force can push gas for hundreds, if not thousands of neters.
This is especially the case since the longwall mning procedure inparts
significant fractures into the geologic formati ons near the m ne worKkings.

Exhi bit 14 presents the results of the coal seam gas content analysis for each
known coal in the stratigraphic colunmm at the Mne. The gas contents are from
a conpilation of data published by the US Bureau of M nes (D anond, et al
1986). The areal extent of the coals was assuned to be the entire 85x10° n?
(20,800 acres) within the Mne boundary, with 1.3kg/n? (1800 tons of coal per
acre foot) of coal seam Coal thicknesses were estimated fromdrill hole data
within the Mne area.
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EXHIBIT 14. Coal and Gas Resources at the Federal No. 2 Mine

Thickness Gas Content Coal Resources Gas Resources

Coalbed cm (in.) cc/a  (CFiton) MM m.t. (MM tons) 10°m3 (BCF)
Washington 107 42 2 60 119 131 223 8
Waynesburg 122 48 3 89 136 150 379 13
Uniontown 61 24 3 100 65 72 204 7
Sewickley 122 48 4 124 136 150 528 19
Fishpot 15 6 2 72 17 19 39 1
Redstone 28 11 4 128 31 34 123 4
Pittsburg 38 15 4 130 43 47 173 6
Rider

Pittsburgh 229 90 7 225 238 262 1,672 59
Total for Beds from Pittsburgh to Surface: 786 865 3,341 118

FED/GOB Coal & Gas Resources



VWil e nost of the overlying coal seans are fairly shallow and contain small
amounts of gas, the cunulative effect is significant. The gas content of the
shal | ower coals nearly equals the anount of gas held by the Pittsburgh Coal bed.
The Sewi ckl ey seam al one hol ds nearly 60x10° n? (20 BCF).

An estimated total of over 3000x10° n? (110 BCF) of nethane is contained within
the eight major seanms. Several snaller, unnanmed seans were al so cut through
during the drilling of the Miltipurpose Borehole (MPB) (Fields, et al) at this
M ne. The possible contribution of these seams was not quantified.

This estimate al so does not include the possible contribution from underlying
coal seans. There are insufficient data regardi ng the geographic extent of
these seans within the M ne boundary. It is known that the deeper Freeport and
Kittanni ng Seans are not as continuous as the Pittsburgh Seam Suffice it to
say that these Seans could contribute a considerable anpbunt of additional gas
resources. The total coal seam gas resource could well be 4x10° to 6x10° n?
(140 to 200 BCF).

There are al so non-coal strata, such as shales, which may have been sources of
gas over geologic tine. The sandstones in the area could provide possible
reservoir sites for either the coal sourced gas, or other conventional natura
gases. All of these elenents could be disturbed sufficiently during the mning
operation to rel ease methane gas into the mne workings, either during the
operation or nmuch later. Sone of these sources could supply gas into seal ed

m ne areas for years - and even decades.

NW Fuel has devel oped gas resource estimtes at other coal nines using the

af orenenti oned seam gas content nethod. In every case, the actual nethane

em ssions during mning operations froma specific area within a mne, have
exceeded the values calculated for the gas in place. This work has incl uded
assessnents of gas in-place within longwall panel areas. After calculating the
gas in the individual |ongwall panel, the production from gob gas vent holes
was nonitored. The actual em ssions fromthe vent holes generally exceeded the

vent holes. It did not even consider the gas released fromthe gob area into
the mne air ventilation system The gob vent flows were only nonitored for a
fixed period of tine. |If the vent holes were left open for years, they would

have produced even nore nethane. These results have been consistent in

| ocations as far apart as Pennsyl vania and Al abama. The conclusion fromthis
consideration is that the gas which may eventual |y be produced fromthe Federa
No. 2 Mne as a result of mining will likely exceed 6x10° n? (200 BCF).

Usi ng this nethodology for the Project Area, one can estimte the total anpunt
of gas which would eventually be enmitted fromthis |inited Area. The Project
Area constitutes about 17% of the total Mne area. That indicates that there
were 600x10° m? (20 BCF) of defined gas resources in the virgin coals wthin
this Area. Applying NWFuel's enpirical experience to this value indicates at
| east 900x10° n? (32 BCF) of initial total gas resources in the Project Area.

2. Q1 and Gas Well Contri bution

Abandoned gas and oil wells are known to have a profound effect on nethane

em ssions in coal mnes. Wth the historic activity in oil and gas exploration
in this area, this could be of significant inpact. Monongalia County has had a
long history of fossil fuel production, including oil production from 1892,

coal production from 1836, and natural gas drilling which started during World
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War |. Drilling for oil stopped in 1910 and there has been little success with
newly drilled gas wells since 1940 (U ery and Ml inda).

The potential inpact of oil and gas wells on ventilation nethane | oadi ng has
been studied quite extensively at the Federal No. 2 Mne. A conplete nethane
survey was perfornmed within the Mne workings. Velocity, pressure,
tenmperature, cross-sectional area, and nethane concentrati on neasurements were
taken at strategic |locations throughout the Mne while mning was active and
also during idle times. Methane enissions were found to be generally higher

al ong faces adjacent to virgin coal and higher when a return intersects the
face cleat at right angles (Zabetakis, et al).

Due to variations in air/nethane m xing, the raw figures varied nmarkedly. A
nmet hod of noving averages was used to snooth the data. The nethane flow was

pl otted agai nst distance along the East Mains and 2 South Mains (see Exhibits
15, 16, and 17 - from Zabetakis, et al). Differentiating this curve yields a
measure of the amount of gas evol ved per distance. Very pronounced peaks coul d
be observed which correlated with conmunication with a gas or oil well. The
positions of these peaks indicated that the nethane passes nore readily al ong
the face cleat. A mmjor peak occurred at a mne entry |ocation where oil wel
80 was nearly 150 neters (500 feet) away, along the strike of the face cleat.
This same oil well made no neasurable inpression at 1/2 this distance along the
strike of the butt cleat.

Subtracting these peaks, an estimation of the "expected" nethane em ssions
could be nmade. Wthout the contributions of the oil and gas wells, the rib

em ssion rate was 0.045 n¥/ hr per nmeter of rib (0.008 cfnmffoot) for paths 1-5
and 0.28 n?/ hr per neter of rib (0.05 cfmfoot) for A-F. The oil and gas wells
were adding 58%to the overall methane | oading.

The mined area in the Federal No. 2 M ne has over 2,200 neters (7,300 feet) of
rib. Using the average rib em ssion data from above, oil and gas well|l effects
woul d account for over 7,800 nm¥/min (400 MCFD) of methane in the ventilation
air.

3. Oher Potential Gas Sources

Abnormal | y hi gh nethane eni ssions were encountered in eastern sections of the
Federal No. 2 Mne during the sinking of the Shrivers Run Shaft and the driving
of East bl eeders and the tunnel towards the Shrivers Run Shaft. An

i nvestigation into the source of these enissions indicated a potential reserve
of gas trapped in a sandstone channel with a north-south trend which

communi cates with the m ne through a clay vein and associated fracture system
O her wells have also indicated this reserve and several wells have been
drilled into Pennsylvani an sands for the express purpose of gas production
achi eving noderate anounts of success (U ery and Molinda). This is rather
unusual as sand channels are typically associated with | ow net hane
instabilities (Dianond, et al, 1988).

Cl ay veins have been associated with both high and | ow em ssion rates. They
are thought to be forced into the bed after coalification. These veins can be
vertically situated and pass through many | ayers of strata. They have been
shown to isolate |large volunes of gas under pressure (Di anond, et al, 1988).
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EXH BI T 16. Met hane Fl ow Rate:
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EXH BIT 17. Methane Flow Rate: Right Air Course, NE Quadrant
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4. ©Methane Resource Estimate from M ne Em ssions

Many aut hors have attenpted to correlate the ventilation air nmethane em ssions
with the gas content of the coal being mned. This type of estimate is fraught
with errors, based on the inpact of all the other possible gas sources

descri bed above. These other gas sources can be correlated to the coal being
mned. In a given mning region this nethod may provide sone insights, but it
shoul d not be extrapol ated gl obal ly.

Ki ssell has correlated the methane emitted fromventilation shafts with the
anount of in situ gas in the coal being mned. He found that the nethane
vented during the mning process was 6 to 9 tines the amount of gas which is
contained within the seam being mned (TRW. This enpirical value accounts for
all nethane sources, including gas fromthe coal which is left behind unm ned.
As was noted in the Mne Gas Availability Section of this report, mines active
in the Pittsburgh Seamemt 30 to 60 cc of nmethane per gram (1000 to 2000 cubic
feet of nethane per ton) of coal mned. Using Kissell's factor in reverse on a
noder ate val ue of 45 cc/g (1500 ft3/ton), that would project that the
Pittsburgh Seam contains 5 to 8 cc/g (170 to 250 cubic feet of nethane per ton)
of nethane. That is a very accurate range for the Pittsburgh Seam gas content,
as verified by a variety of published sources.

Modi fying this concept, one can devel op another nethod for estimating the in-

pl ace gas resources which may be emitted during mning operations. |f one
measures and cal cul ates the amount of nethane emitted per ton of coal mned
this value can then be applied to the coal that is | eft behind as an indication
of cunul ative em ssions which nay occur in the future. It would sonmewhat
overstate the future production, since this overall factor includes the
contribution froma partial degassing of the unm ned coal as the mned coal is
bei ng removed. That conponent is |less than 30% of the total, and nore than
likely |l ess than 20% of the total

The result of the emi ssion resource estimate is presented in Exhibit 18.

The ampunt of coal and in situ gas within the Pittsburgh Coal bed within the
Federal No. 2 Mne area was estimated fromthe seamthi ckness and total M ne
area (see Exhibit 14). The original recoverable coal reserves were estinmted
to be 130 million netric tons (140 mllion short tons) based on the in-place
resources of 240 million nmetric tons(260 million tons) and assuming a 55%
recovery factor. The remaining recoverable coal reserves were then projected
to be approximately 70 mllion metric tons (80 mllion tons), by subtracting
the estimted cunul ative coal production since its opening in 1967. This

| eaves a two decade coal reserve for the Mne at present production rates.

The original Pittsburgh Seam contai ned about 1.7x10° n? (60 BCF) of nethane gas.
The recoverabl e Pittsburgh Seam reserves contai ned about 930x10° n? (33 BCF).
Accounting for all possible sources of nethane, there would have been about
6.8x10° n? (240 BCF) of methane which would be emitted during the mining of 130
MM nmetric tons (140 MMtons) of the Pittsburgh Seam This is based on the
recoverable Pittsburgh Seam 130 MM netric tons (140 MM )tons nultiplied by an
em ssion factor of 46 cc/g (1700 ft3/ton). This em ssion factor consists of
two el ements. The first part is the nethane em ssions fromthe ventilation
system 4l1lcc/g (1530 ft3/ton) of m ned coal (see Exhibit 4). The second part
accounts for the gob vent holes. S66t (1990) found that coal mnes operating
in the Pittsburgh Seamin southwestern Pennsylvani a produced an average of 5
cc/g (164 ft3 per ton) of nethane from gob vent holes fromcoal mned fromthe
Pittsburgh Seam Adding the two components provides an em ssion factor of 50
cc/g (1,700 ft3 of methane per ton) of Pittsburgh Seam coal that is m ned
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EXHIBIT 18. Predicted Mine Methane Emissions

Original Resources
Pittsburgh Coal in Federal No. 2 Lease
In Situ Pittsburgh Coalbed Methane

Recoverable Reserves:
Recoverable Pittsburgh Coal
Methane in Recoverable Pittsburgh Coal
Total Mining Methane Emissions

Coal Production to Date:
Remaining Recoverable Reserves:
Remaining Recoverable Pittsburgh Coal

Methane in Remaining Pittsburgh Reserves
Total Future Mining Methane Emissions

FED/Predicted Mine Meth Emissions

Sl Units
240 MM metric tons

1.7x10° m®

130 Million metric tons
930 x 10°m?®
6.8x10°m?

55 MM metric tons

75 MM metric tons
510 x 10°m?
4x10° m®

29

American Units

260 MM Tons
60 BCF

140 MM Tons
33 BCF
240 BCF

60 MM Tons

80 MM Tons

18 BCF
140 BCF



Based on this same met hodol ogy, future em ssions fromthe M ne during m ning
operations woul d be about 3x10° n? (110 BCF) of nethane.

The met hane emi ssion will not stop after mining is conpleted. Al of the
"other" nethane sources will still be emitting nethane into the old m ne
wor ki ngs. That includes the renmining Pittsburgh Seam coal, other overlying
and underlying coal seans, the other gas bearing strata, and the nearby oil and
gas wells. The only manner for predicting those types of reserves would be to
associate the 50 cc/g (1,700 ft3/ton) em ssion factor with the renmaining
Pittsburgh coal which was |eft behind after nmning.

Based on the data in Exhibit 18, there will be about 110 MM netric tons (120
mllion tons) of Pittsburgh coal left in the abandoned mne. There would be up
to 200 BCF of nethane associated with that coal and "other" sources. Since a

| arge part of the gas in the remaining coal was emtted during the active
mning, and it does not have a counterpart "remmining" coal, this total should
be reduced by sone factor. It is hypothesized that the reduction factor would
be 30%to 50% This reduction factor accounts for the prior degassing of the
remai ni ng Pittsburgh Seam and al so the partial degassing of the "other" methane
sources. That means that the sealed mine could still produce over 3x10° n¥ (100
BCF) of methane after the active mning is conpleted.

5. Resource Concl usi ons

Taking 17% of this anopunt for the area which is now under consideration for
power generation, that indicates the Project Area would have about 570x10° n?¥
(20 BCF) of recoverable nethane left for the proposed project. This resource
woul d be | arge enough to support 8 MW of power generation for 20 years.

The previous val ues should be used as guides and not as precise estinmtes of
the gas resources at the Federal M ne. They are reasonable, based on NW Fuel's
past experience with gas production fromsealed nmnes. As an exanple, one gob
well which NW Fuel is using to supply fuel to a power generating unit in OChio
is producing 10 n¥/ min (500 MCFD) of high quality nethane over 50 years after
its section of the mine had been seal ed.

6. Phase |1l Results

Even with all of the conservatismin making the resource and producibility
estimates, the actual results in Phase IIl were considerably different than
anticipated. A pipeline was constructed from Vent 29 to the Parrish Shaft.
After its conpletion, and the installation of the power generating units, the
gas production soon fell far short of the fuel requirenents for the 1,200 kW of
installed capacity. It becane evident that another gob well would have to be
connected to the pipeline.

Gob Well #27 was tested and was connected to the pipeline. It also declined
rapidly in production.

There was still no doubt that enough nethane was avail able, the probl em becane
one of accessing that gas and bringing it to the generating units. The fina
sol ution would have to be waiting for parts of the mne to be seal ed.
Unfortunately, when the area to the east of the Parrish Shaft was sealed in
1998, there was no relief. A new vent was drilled into that section of the
sealed mine fromthe Parrish Shaft site. For sone unexpl ai ned reason, the

nmet hane concentration in that area has never risen over 14% That is not of
sufficient quality to run the engi ne/generators. There nust be a najor source



of air that continues to flowinto that area in order to keep the nethane
concentration at such |ow | evels.

When the area to the west of the Parrish Shaft was seal ed, an adequate CWM fue
source finally becane available. This area was sealed in January 2004. By

July, the nethane concentration had risen to 60% and higher. 1t was al so
produci bl e at sufficient quantities to fuel the entire installation of power
generators. It was fortuitous that the mne had | eft behind a vent that could

be used to bring the CMMto the surface right at the Parrish Shaft. This vent
was originally drilled as a grout hole. The pipe was used to deliver grout to
the mine. The grout was used to build the seals for the 1991 sealing of the
area to the east of the Parrish Shaft.

The Grout Pipe at the Parrish Shaft has been capabl e of producing nearly

1, 000, 000 cubic feet per day (1 MMCFD) of CMM This CMM contai ns about 60%
nmet hane. The actual concentration varies with nunerous paraneters, including
barometric pressure. This source could provide enough fuel to generate nearly
2 MWof electric power.

C. Technol ogy Application
1. Conprehensive Pl an

The coal mine nethane utilization design for the Federal No. 2 M ne was

envi sioned as an integrated system It would not only incorporate a power
generation option with a gas processing system it would even use severa
sources of coal nmine nmethane. There were synergies between the power
generation and the gas processing. The gas processing requires power and the
power system could use the waste streamfromthe processing to fuel the
generators. By using several sources of CVMM one could rmake optimal use of the
wast e net hane by matching the appropriate quality of methane to the best
corresponding utilization process. Gas which was acceptable to a natural gas
pi peline could be delivered to that market. Unacceptable, |lower quality gas
woul d be utilized for power generation. This |low quality gas could even

i nclude the extrenely dilute nmethane in the ventilation air shaft exhaust. By
integrating this total system NWFuel could rmake opti mal use of the avail able
coal m ne nethane.

The total systemis depicted in Exhibit 19. This shows the gas supply being
gat hered from a nunmber of sources. It was to be delivered to the plant at the
Parrish Shaft site. The best quality gas woudl be processed through the PSA
NRU with the product being delivered to a pipeline. The |lower quality gas
woul d be sent to the power generating units. The |low quality gob gas is

suppl enented with the "waste" gas fromthe PSA NRU for power genset fuel

Technol ogy Availability
NW Fuel started this project with a plan to utilize power generating technol ogy
whi ch the Conpany had devel oped at other coal nmine sites. The pipeline
delivery of gas would rely on yet another technol ogy devel oped by NW Fuel :
Pressure Swing Adsorption (PSA). This latter technology allows for the renoval
of excess nitrogen fromthe waste nmethane. Adding avail able commercia
processes for gas conpression, CO, renpval and dehydration, the project could
deliver pipeline quality gas and generate power froma part of the M ne where
there was no pipeline quality gas, and all of the sub-quality nethane was being
vented into the atnosphere.
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EXHBIT 19. Waste Methane Utilization Systens Schematic

High Nitrogen
Quality Gas Rejection > Natural Gas
(>85% CH4) Unit to Pipeline
(NRU)
Gob “Waste”
Vents Byproduct
Gas
Low v Power_ Electric
- » Generation ——p Power
Quality IC&GT to Mine
Gas
Air
Shaft
Emissions
(<2% CHy)
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By devel opi ng such a conprehensive utilization package for coal mnine methane,
NW Fuel could provide a guide for other coal mnes which need options for
utilization of their nethane resources. The total system could be used as a
conplete tenplate, or individual conponents of the system could be segregated
for use at other nines.

Waste Methane Uilization Strategy
None of the waste nethane fromthe Project Area of the mine nmet natural gas
pi peline specifications. It contained too nmuch nitrogen, carbon dioxi de and/or
water. There were commercially avail abl e processes for renmoving the carbon
di oxi de and water, but no generally avail able processes for rejecting nitrogen
fromsuch a small source. Fortunately, NW Fuel had devel oped such processes.
The PSA processes are able to renpove sone nitrogen from waste nethane streans
and be comercial on a small scale.

As indicated in the blower test data in Appendix B, the nmethane levels in the
gas fromVents 29 and 30 were not of pipeline quality. The gas streans

contained 2% to 10% nitrogen, along with nearly 2% CO,. |In order to neet
pi peline specifications, the total inerts (CO, + N;) need to stay below 4% The
total blend of gas would not neet this maxinmnumlimt. |In addition, some of the

early blower tests indicated that the nitrogen concentration would rise once
the gas is produced. That was definitely the case once they were put on

conti nuous production. That would definitely require nitrogen rejection before
the gas could be delivered to the pipeline.

Any gas which could be brought to pipeline quality standards, would be used in
the power generation units. This would be supplenented with the waste gas from
the Nitrogen Rejection Unit (NRU). In the process of renoving the nitrogen the
CPSA Unit has a "waste" stream This waste stream provides gas which contains
50% to 70% net hane. The power generating sets are able to use that as a fue

so it is not really wasted. NWFuel's power generating units have been run on
gas as dilute as 25% methane. That shows the broad applicability of these
units.

Power Generation with Internal Conbustion Engi nes
The power generating system was based on small generating units (in nmodul es of
75kw each) which NW Fuel has devel oped in previous projects. The fundanmenta
units include an internal conbustion engine driving an electric generator
VWhat this approach |oses in econonies of scale, it nmakes up in econonies of
mass production. The engi nes which are used are mass produced by Genera
Motors as |light truck engines. The capital cost per installed horsepower of
prime nmover is nuch |lower than any other alternative.

M ne Air Shaft Methane Utilization
This project had originally considered use of the waste nethane fromthe
Parrish Shaft. This is an extrenely dilute source. Mning regulations require
t hat the nethane concentration remain below 1% nethane. Since this will not
conbust on its own, it could have been used as the conmbustion air supply for
the 1C engines and the gas turbine. Unfortunately, the mne decided to use the
Parrish Shaft as an inlet air shaft before the project started. That
elimnated this as a supplenental source of nethane fuel. Eventually the
Parri sh Shaft was cl osed permanently. It turned out that this was a benefit
for the project since it allowed fuel gas to accumulate in the western part of
the seal ed area. This was subsequently used as fuel, being delivered fromthe
Grout Pipe.



2. Devel opnent Strategy

Even in the early stages of the Phase Il devel opnent, there were sone
questions regarding the quality of fuel fromindividual gob vent holes and
timng of mning devel opnents in the Proposed Project Area. Fortunately, it
was not necessary to imediately install the entire proposed system at once.
It could be staged as sone of the unknown vari abl es were defi ned.

The gas quality issue related to the | ong term nethane concentration fromthe
various vents. Although the Phase Il tests were run for up to 5 days on a
vent, there was still the possibility that the methane concentration could
change over a longer period of tine. That was found to be the case as they
were put in production.

The second issue related to the operations at the proposed site: the Parrish
Air Shaft. The fan at this Shaft had been taken out of service tenporarily.
This was a planned operation. The air fromthis Shaft is currently not needed
for the m ning operation. The entries into the Shaft fromthe east were seal ed
in 1998. As the mining approached the Shaft fromthe virgin coal to the west,
the Shaft was put back into service

As a result of these issues, a strategy had been devel oped for the phased
devel opnent of the methane gas resources at this site.

The phased devel opnent was to have the follow ng steps:

1) Install a gathering line to Vents #29 and #30 plus a vacuum bl ower at
the Parrish Shaft.

2) Begin fabrication and installation of 5 internal conbustion (I1C
engi ne generators (375 kw aggregate capacity).

3) Monitor the Vent #29 and #30 gas quality and productivity as the
gensets are being fabricated and installed. Proceed with step 6 if
the fuel gas availability is confirned.

4) Evaluate the productivity potential of other vent holes.
5) Fabricate and install a NRU for delivering pipeline quality gas. Use
the "waste" streamfromthe NRU for genset fuel, supplenented by

di rect gob gas from vents.

6) Decide the configuration for additional generating capacity:
I C engi nes or gas turbine.

7) Fabricate and install the additional generator(s).

8) Install ducting to deliver Parrish Shaft exhaust air to the gensets as
combustion air.

9) Continue the evaluation of additional vent holes and installation of
added process or generating equi prment.

Steps 1 and 5 were actually acconplished in parallel for a nore rapid
devel opnent program The followi ng sections of this report identify the stages
of the proposed devel opnent in nore detail



3. Fuel Supply

The availability of gas fromthe gob vent holes had been defined with the work
acconplished during Phases | and Il. The analysis showed that the free-fl ow
gas production fromthe vent holes in the southern end of the Mne was limted
Rat her than try and hook up enough vent holes to provide the fuel for an entire
1 MW of generating capacity fromonly natural convection, blower tests were
performed that verified the deliverability of the gas with vacuum bl owers

i mparting forced convection on the vents.

The Project took place at the Parrish Shaft. This Shaft was chosen since it
provi ded the best potential conbustion air. The nmethane concentration at that
Shaft was >0.5% The alternative, Spens Shaft (also within the Project Area),
produced only 0.2% nethane in the air. Each of these |ocations had the
necessary electrical sub-station for delivery of the generated power.

The two vent holes targeted for initial devel opnent were #29 and #30. As was
shown in Exhibit 8, these are sone of the closest Vents to the Parrish Shaft.
They were capabl e of producing nore nmethane than the closer ones. Even with
natural convection, Vent #29 produced enough fuel to fire 150 kw of generating
capacity.

A gathering line was designed for bringing gas fromVents 29 and 30 to the
Parrish Shaft. The design was based on the actual conditions at this site.

Pi peline contractors were asked to provide cost estimates after view ng the
terrain and site features. The pipeline cost listed in the capital costs was
based on these estinmates.

Exhi bit 20 shows the routing for a gathering systemfrom Vents #29 and #30 to
the Parrish Shaft. This Exhibit also shows that Vents #21 and #22 coul d be
readily added to the system The main trunk line for the gathering system
woul d follow the right-of-way already established by power lines in this
region. The power |ines are owned and nmi ntai ned by EACC, as part of their

m ning operations. It was easier to obtain rights of way from surface | and
owners if the proposed pipelines were placed along an existing power |ine
clear-cut area. The circuitous paths fromthe trunk Iine to the individua
Vent | ocations follow the topographic conditions in the area. The routes were
laid out in an effort to mnimze pipeline installation costs.

Exhi bit 21 presents a schematic design for the gathering system This includes
results of pressure drop calculations that provide the basis for sizing the
vacuum bl ower which were installed at the Parrish Shaft. The vacuum bl ower had
a discharge pressure of 110 kPa (16 psia), which is sufficient for fue

delivery to I C engines. The vacuuns inparted on each Vent are identified in
the Exhibit. Valves were placed at each vent so that the vacuum coul d be
nodi fi ed, as needed, in order to maintain the methane concentration at desired
| evel s. The specific wellhead configuration for Vents #29 and #30 are provi ded
in Exhibits 22 and 23, respectively. This shows the detail of design which was
devel oped for this project.

The gas fromthe gob vents was drawn to the Parrish Shaft site through the

pi pel i ne descri bed above. Exhibit 24 shows the detail design for the system
whi ch received the gas at the Shaft site, conpressed it and delivered it to the
generators. The positive displacenent bl ower had a discharge recircul ation

| oop for pressure control. The gas needed to be cooled off after conpression
Thi s was acconplished with underground piping which allows for heat dissipation
to the earth.



EXH BIT 20. Gob Gas Gathering System Surface Routing
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Pi peline Schematic Pressure Profile

EXH BIT 21.
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#29 Wel | head Configuration
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#30 Wel | head Configuration

Vent
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On Site Fuel Supply System
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4. Generating Equi pment

A complete Iist of the equipnent in the power generation systemis provided in
Appendi x C. This includes site preparation, electrical hardware, fuel supply
pi pel i ne and engi ne/ generator sets. The sections bel ow describe the nature of
this equipnent and its installation

a. Siting Logistics/Site Devel opnent

It was decided in Phase | that it would be advantageous to locate all power
generating equi pment at a mine air shaft. This is in |ieu of placing sone of
the 1 C engines at individual vent hole locations. The nmain advantage was that
power lines fromthe individual vent holes to deliver the electricity to the
Parri sh subs-station would be nore expensive than the gas pipelines. And there
woul d be the need for transfornmers at each vent in order to deliver power at a
hi gher voltage for long distance (over a few hundred feet) delivery.

Visits to the site showed the difficulties in trying to |locate the |IC engines
at the vent hole locations. Installation of the generating units at the

di stributed sites would require considerable hauling over very poor, and
sonmeti mes steep, roads.

The mai ntenance on the I C engines would al so be expensive. The service staff
woul d have to go to separate individual sites. It would have required severa
trips to dispersed sites: for diagnostics, acquisition of parts and then return
in order to nmeke the repair. Having to access each site on a daily basis for
nmoni tori ng and mai nt enance woul d meke the distributed generation approach

unf easi bl e.

Once it was discovered that a given vent could not produce the anticipated
ampunt of CMM the installed generation would have to be noved to anot her

| ocation. This provided another distinct advantage for the central generating
approach

For all of these reasons, it was deened preferable to |ocate all of the
generating units at a central |ocation

The layout for the Parrish Shaft site is presented in Exhibit 25. There are
hills to the northwest and northeast. The gravel road on the west provides
ready access to the generator conpound. The Parrish Shaft |ies approxi mately
100 neters to the east.

Very little grading was required at the site. The slope is gradual and drops
slightly towards the south. A chain |ink fence was installed around the
generator conmpound. A grounding field was installed under the conmpound for

el ectrical protection

b. Internal Combustion (IC) Engine Prine Mvers

NW Fuel has consi derabl e experience with | C engi ne power generation at coa
mnes. It is the only Conpany in the U S. that has successfully fabricated,
i nstall ed and operated such units.

The generating units that NWFuel fabricates and installs are nodular. They
i nclude all of the required equi prent for fuel conmbustion and power generation
The el ectrical switchgear required by the serving electric utility are built
into a separate skid-nounted unit. Typically, these include a w de variety of
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Generator Site Layout
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protective relays which will take the units off line if there are any problens
with the utility system |In the present case, the serving utility, Allegheny
Power Systens did not going to require many relays, due to the nature of NW
Fuel s generators, i.e. induction rather than synchronous. A de-energized
utility systemwould take the NW Fuel induction generators off |line so that the
utility repair staff nenbers are not placed in harns way. A reverse power
relay was installed on the serving EACC sub-station, as extra insurance that
there woul d not be any hazard from NW Fuel’s gensets.

A control panel protected the units frominternal problens, such as |oss of oi
pressure in the engines, overheating and excess vibration fromworn bearings.

NW Fuel *'s basic unit is 75kw in size. The units are skid mounted for ease of
delivery. Shop fabrication is also | ower cost than field construction. The
skid mounting feature all ows easy relocation of units fromone mne to another
as business conditions change.

The engi ne-genset | ayout within the fenced conpound is shown in nore detail in
Exhibit 26. This area was able to accommpdate all 18 engi nes.

The engi nes that were used are manufactured by General Mdtors. They have a 7.3
liter (454 in3) displacenent. They drive an 100 hp electric notor at a speed
of 1,800 rpmthrough direct 1:1 couplers. Each nodular unit has controls to
protect for overheating, low oil pressure, vibration and overspeed. The
schematic diagramfor this control systemis depicted in Exhibit 27.

c. Electrical

The Parrish Shaft had an exi sting sub-station, which brought power to the site
when the fan was in operation. The sub-station reduces the voltage from 23, 000
to 4,160 volts. Since NWFuel’s generators produce power at 480 volts, an
additional transformer was needed. The design called for the installation of a
secondary sub-station with the necessary transformer. The location for this
installation was already identified in Exhibit 25.

Mai n breakers were installed between the secondary sub-station and the
generators. The optim zed design called for two breakers, each serving nine
engi nes. Two breakers were chosen over a single breaker for a variety of
reasons. Cost was a significant elenent. Electrical hardware for a given

vol tage rating do not have econom es of scale. A single |arge breaker was not
found to be | ower cost than two small breakers. The two breakers al so have the
advantage that an entire bank of engines can be operating while the electrical
systens are being nmintained on the parallel bank

Al | egheny Power Systens was accommodating in their protective relay

requi renents. They only required a reverse power relay at EACC s sub-station
in order to guarantee non-flow of power if the APS |lines are down. This saved
consi derabl e noney in not having to install over-, under-frequency and ot her
relays at the site. The total protective relay systemis shown in Exhibit 28.

The bal ance of electrical wiring required to hook up all of the individua
generators was relatively sinple. Exhibit 29 was drawn in order to allow for a
good estinmate of all the wire required to make those connecti ons.

The generators are 100 hp motors, run at faster speeds, so they becone
el ectrical generators. The control wiring for the generators is presented in
Exhi bit 30. This Exhibit shows that each generator has a capacitor added.



Engi ne/ Genset Layout
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Protective Rel ay One-Line Di agram
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EXH BIT 29. Layout for Estimating Wre Requirenments
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El ectrical Controls

Gener at or
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This capacitor will correct the power factor for the generator. Since the

i nducti on generators consune kvar’s during their operation, the capacitors wll
beconme the source for the kvar’s. In that fashion, APS would not be charging
for the consunmed kvar’s.

d. Exhaust

During Phase I, the plan was to exhaust the conbustion products fromthe
engines directly into the atnosphere. Because of air enission permtting

consi derations, a conmon exhaust stack had to be installed. The exhausts from
all of the engines were nmanifol ded together and brought to the 30 neter (100
foot) stack. The design for this stack is shown in Exhibit 31

The exhaust gathering systemis shown in Exhibit 32. This system noves the
exhaust gases fromthe engine outlets to the stack. The Exhibit shows that the
pressure drops in the systemwere anticipated in specifying the line sizes.
Even the tenperature of the gas was considered in evaluating the various bl ower
options that were avail able for noving the exhaust gas through the piping,
especially as they related to use in high tenperature gas.

e. Air Shaft Em ssions for Conbustion Air

After the Parrish Shaft was to be re-activated it could have been the source
for additional nethane to fuel the engi ne-generators. The Shaft was to be used
begi nning in 2000 or 2001. At that tine, ducting was to be installed to bring
the shaft exhaust to the gensets so it could be used as the conbustion air for
t he gensets.

This plan was thwarted when the m ne changed the Parrish Shaft from an outl et
to an inlet system That elimnated the possible source of nethane.

The foll owi ng design work had been perforned in Phase Il and nmay have sone
applicability in other projects, so it is still presented here. The design
schematic for the piping and bl ower required to nove the air is presented in
Exhibit 33. The design calls for a 1.4 m (18 inch) dianeter duct. This is
sufficient to nove all the air to be consunmed by the 1,200 kw of |C gensets.

It was not planned to have a fixed coupling at the Parrish Shaft. The intake
of the air blower would sinply be placed within the exhaust stream fromthe
Parrish Shaft fan, physically close to the outlet of the fan. By not making a
"hard" connection, one can avoid any questions of mne safety related to the
consunption of the exhaust air. It also avoids any significant involvenent by
the Mne Safety and Health Adm nistration (MSHA). This uncoupl ed nmethod woul d
work since the air consunption by NWFuel's gensets is |less than 3% of the
total air flow fromthe Parrish Shaft. There is so nuch excess air avail able
that the inlet to NWFuel's air blower will only take in air fromthe Fan and
not clear air.

The outlets of the air supply were to be directed to the carburetor inlet of
the IC engines. They also did not need to be firmy connected since there was
to be an excess of air provided. The unused air is not hazardous, so it can be
allowed to drift into the atnosphere. A fixed connection to each engi ne could
be utilized, but that would be nore costly, and cause nore work during

mai nt enance operations.
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Exhaust Stack Design

EXH BI T 31.
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EXH BI T 32. Exhaust Gathering Line Design

Fed No. 2 Exhaust Gas Pressure Profile
From Engines Exhaust Headers Through

The Stack To The Atmosphere

Pressure at Top of 100 FT

Stack = 14.087 psia, 1170’

Design Basis: Vacuum at Engine Exhausts

End of Header 14.020 psia

Ambient Pressure = 14.139 psia

: 9 Engines On Each Of The
13.580 psia Two Collection Headers
From the IC Engines, Each
10° 10° Engine Has 2 Exhaust Lines

8” Collection Header
All 4 Legs Identical
Each of 4 Legs = 16’

12” Main Collection Header (100 Ft Long)

13.401 psia 14.203 psia
VRN

/

Hot Gas Blower, 60 HP,
1750 RPM, 11,200 ACFM
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100° High x 18” OD SS
Stack x 17.250” ID
Bottom = 1070’ Elevation
Top =1170" Elevation

Grade Elevation = 1070’



Conbustion Air
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For some installations one could consider fixed connections to supply air for

each engine. That would allow for turbocharging of the engines. |If the air
supplied is at a higher pressure - along with conparably nore fuel - the
engines will be driven harder, providing nore generating capacity. |In order to

take advantage of such an approach, |arger generators would have to be used
with the engines. Al of the electrical hardware would al so have to be
conparably re-sized.

5. Gas Processing

Any gas that is close to being pipeline quality was to be processed and
delivered to a pipeline. This conclusion was drawn from a sinple analysis of
potential revenues versus costs for the various technol ogies. The power
generating project could be installed for about $600 per kw. That can be
converted to $90 of capital cost per nm¥/ min ($1.80/ MMCFD) of nethane gas used.
For a conventional PSA process the equival ent capital cost value is |ess than
$50/ m¥/ min ($1. 00/ MMCFD) and for a CPSA process it drops to $30/n¥/ min

($0.60/ MMCFD). Even if one were to re-calculate the PSA costs per vol une of
product, rather than feed, the values are still about Y2 or |ess than the power
generating capital costs.

The gas delivery option also needs CO, renoval and dehydration. These may
nodi fy the cost ratios sonewhat, but they will not change the overal
concl usi on.

In like fashion, the operating and naintenance costs for PSA process options
are one-half or less of those for power generation. These capital and
operating cost comparisons are an initial indication. The econom c analysis
section below, confirnms the higher rate of return for the gas processing
options. For these reasons, it is clear that the preferred approach to using
the waste met hane was pipeline delivery, if that was technically viable. 1In
this Federal M ne Project, pipeline delivery was preferable for those instances
where the gas is close to pipeline quality, so the NWFuel CPSA processes could
deliver a pipeline quality product. Using the by-product streamfromthe PSA
process for fuel in generators optimzes the total system

a. Nitrogen Rejection Unit (NRU)

As noted above, NW Fuel has two process options for renmpving nitrogen from
wast e nethane to make it suitable for pipeline delivery: PSA and CPSA. The
conventional PSA process is nore efficient, and can renove hi gher |evels of
nitrogen. The CPSA is a sinpler process and can process nuch higher flow rates
at a lowcost, but is limted to about 30% nitrogen renoval fromthe feed gas.
Gven the initial quality of the Vent 29 gas, it was decided to install the
CPSA system Unfortunately, the subsequent drop in gas quality made this
system unsui table for comerci al operation. The process could be shown to be
technically viable, but it could not produce a commercial product fromthe | ow
qual ity gas that was avail abl e.

(1). Pressure Swi ng Adsorption (PSA)

The conventional PSA systemis depicted in Exhibit 34. The adsorption vessels
concentrate the nethane gas and reject the nitrogen through a series of batch
operations. The batch operations pressurized and depressurize the gas on and
of f an adsorbent. This concentrates the nethane and rejects nitrogen. The two
paral l el adsorption vessels, along with associ ated surge tanks, allow for

rel atively continuous production of product.



EXHI BI T 34.

PSA Process Di agram
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(2). Continuous Pressure Swi ng Adsorption (CPSA)

The Continuous PSA (CPSA) process is technically also a batch operation, but it
cycles so rapidly that it virtually becomes a continuous process. Surge tanks
are only used on the feed stream and they are considerably smaller than the
conpar abl e PSA process vessels. This systemis shown in Exhibit 35. The
adsorption vessels and surge tanks, on a 20 n¥/nmin (1 MMCFD) CPSA Unit are about
the size of a pickup truck. The conparable PSA unit is several tines |arger

b. CO, Renpbval

There were two principle process options for CO, renpval : am ne scrubbing and
PSA. The am ne absorption systens are very conmon in natural gas applications.
A significant limtation to this process is the possible occurrence of oxygen
in the feed gas. The gob wells can have snall anmpbunts of oxygen. If the
vacuum pi peli ne system devel ops a | eak that woul d be an additional source of
oxygen. The oxygen chemically bonds with the am ne in solution and forns

organi c acids which attack the steel pipe and vessels in the process unit. It
may be too expensive to renove the oxygen. There are additives that can be

pl aced into the amine solution to inhibit the acid formation. |If that is done,
then the amine will need to be replaced, or reclai ned, periodically.

The ami ne system has a second concern. The |ocal gas pipelines operate at
pressures bel ow 450 kPa (50 psig). The absorption equilibrium between CO, and
the amine solution is better at high pressures. That would add to the cost of
the ami ne system since the pressure would be | ost upon gas delivery to the

pi peline. The absorbers will work at the | ower pressures, but the equi pnent
capacity will need to be | owered.

The alternative is to use a PSA process for CO,renpoval. The process is not as
efficient as the am ne, but it does not have the oxygen, nor high pressure
limtations noted for the am ne system The PSA benefits did not outweigh the
| ow cost of an used anmine system That led to the use of an ami ne system

c. Dehydration

A sinmilar choice occurs for dehydration of the gas. The comon tri-ethylene

gl ycol (TEG system benefits from high pressures. That generates a cost
penalty for applying such a process in this particular case. The sinple
alternative is to use salt tablets in a closed vessel to absorb the water from
the gas. This system was used successfully by DEPI in the north end of the

M ne for their gob gas delivery. The TEG system was chosen as the process for
t he dehydrati on.

D. Phase |IIl Operating Results
1. Power Generation

After the conplete installation of the 1.2 MWV of power generating units, they
were operated at the maxi num capacity allowed by fuel availability. As noted
above, the fuel supply was severely limted during the first years of
operation. It was only after the western part of the Mne was sealed that the
Grout Pipe was able to supply nore of the avail able generators with fuel

Exhi bit 36 provides a tabulation of the power that was generated during the
project life. The generation has even increased after the termnation of this
project, with nmonthly average generati on exceeding 800 kWin March 2005.



CPSA Process Di agram
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2002

2003

2004

Exhibit 36. Phase Ill Power Generation

NWF

NWF Generation,

Month Dates Meter kWh
Jul 6/20 7/21 56 112,000
Aug 7/22  8/19 185 258,000
Sep 8/20 9/18 300 230,000
Oct 9/19 10/20 434 268,000
Nov 10/21 11/19 520 172,000
Dec 11/20 12/22 622 204,000
Jan 12/23  1/20 711 178,000
Feb 1/21  2/19 773 124,000
Mar 2/20  3/19 858 170,000
Apr 3/20  4/20 926 136,000
May 4/21  5/20 980 108,000
Jun 5/21 6/18 1090 220,000
Jul 6/19  7/20 1181 182,000
Aug 7/21  8/20 1291 220,000
Sep 8/21 9/21 1377 172,000
Oct 9/22 10/22 1441 128,000
Nov 10/23 11/19 1497 112,000
Dec 11/20 12/16 1529 64,000
Jan 12/17  1/18 1574 90,000
Feb 1/19  2/17 1608 68,000
Mar 2/18  3/21 1648 80,000
Apr 3/22  4/21 1823 350,000
May 4/22  5/19 1964 282,000
Jun 5/20  6/20 2115 302,000
Jul 6/21  7/22 2310 390,000
Aug 7/23  8/19 2549 478,000
Sep 8/20 9/19 2750 402,000
Oct 9/20 10/24 2955 410,000

Project

Average

Quarterly Generation

kWh

600,000

644,000

472,000

464,000

574,000

304,000

238,000

934,000

1,270,000

Total 5,910,000 kWh

57

kw

151
347
319
360
231
274
265
167
236
183
150
306
253
306
239
178
156

89
125

94
111
486
392
419
542
664
558
551



2. Nitrogen Rejection — CPSA

The CPSA was not able to produce pipeline quality gas fromthe avail able CvM
This was not a surprise since the CPSA unit is a polishing unit, capable of
only renoving a few percent nitrogen in cases where the CM is nearly pipeline
quality. Since the available feed gas had | ess than 60% net hane and nore than
30% nitrogen, it would not be possible to nmeet the 4% maxi mum N2 specification
for pipeline quality gas.

The CPSA process is actually unusual. Typical chem cal processes can perform
nore effectively when they are provided a low quality feed stream A typica
nitrogen rejection process would become | ess effective when one delivers
relatively high quality gas to the process. One would expect a | ower
percentage of the nitrogen to be renoved. The CPSA process is actually |less
effective when a low quality CMM streamis supplied. That is why it is not
surprising that the nitrogen renoval capabilities, as tested in this project
were only 10%to 18% of the feed stream nitrogen. Wen CMM streans contai ning
90%+ net hane have been processed in the CPSA, it has been able to renove over
30% of the nitrogen fromthe feed stream The actual results formthe tests
are descri bed bel ow

The CPSA unit was started on June 15, 2004. The test results are sunmarized in
Exhibit 37. There were no surprises fromthe results. The only test that may
have been slightly out of step with the others was the first one, possibly a
startup issue since the data were taken after the unit had been on line for an
hour. Tests 2 & 3 are the sanme, with Test 3 data fromthe foll ow ng norning,
after the unit had run overnight.

The field data were nodified by correcting the nethane readings. A GC analysis
of a sanple showed that the Anarad instrunment was readi ng considerably | ower
CH4 than the actual content. The Sienens instrunment provided relatively
accurate CO2 readings. The Corrected CH4 readings are a proportiona

correction of the raw data fromthe Anarad using the GC anal ysis.

Mat eri al bal ances were based on the concentrations in the various gas streans.
This all owed for calculation of the anbunt of feed that went to the product
(Gas Recovery) as well as the individual conponent recoveries (CO2 and CH4).

The trends were what one woul d expect for the CPSA.

= |ncreased cycle tine provides higher N2 rejection (conparing Test
3, 4 &5).

= |Increased cycle tine yields | ower CH4 recovery since the waste
streamis continually emtting waste gas during the adsorption and
desorption steps. This is not easy to review in the attached
spreadsheet, possibly due to the brevity of sonme of the tests.

= Restriction of the waste stream causes | ower N2 rejection and
hi gher CH4 recovery. In Test 6, apparently very little of the feed
gas was allowed to escape through the waste |ine.

Conparing these results with those from previous runs of the CPSA, one can re-
af fi rm anot her conclusion that had been observed before:

Lower quality feed streanms are | ess desirable for the CPSA



Exhibit 37. CPSA Test

Results
Cycle
Time,
Date est sec
6/15/04 1 26
Corrected
CH4%
6/15/04 2 14
Corrected
CH4%
6/16/04 3 14
Corrected
CH4%
6/16/04 4 40
Corrected
CH4%
6/16/04 5 18
Corrected
CH4%
6/16/04 6 18
Corrected
CH4%

Siemens,
CO2%
Anarad,
CH4%

MSA, CH4%

Anarad
MSA

Siemens,
CO2%
Anarad,
CH4%

MSA, CH4%

Anarad

Siemens,
CO2%
Anarad,
CH4%

MSA, CH4%

Anarad

Siemens,
CO2%
Anarad,
CH4%

Anarad

Siemens,
CO2%
Anarad,
CH4%

Anarad

Siemens,
CO2%
Anarad,
CH4%

Anarad

Feed

Gas

5.2%

52.6%
55.0%

58.1%
60.8%

5.4%

52.7%
56.0%

58.2%

5.7%

57.3%
59.0%

63.3%

5.2%

57.1%

63.1%

5.4%

55.7%

61.5%

5.4%

57.1%

63.1%

59

Component
Product Waste N2 Gas CO2, CH4
Gas Gas Rejection Recovery Recovery

6.8% 4.8% 20.0% 26.2%
57.1% 50.9% 27.4% 29.8%
60.0% 53.0%

63.1% 56.2% 11.9%
66.3%  58.6% 14.1%

6.5% 4.6% 42.1% 50.7%
57.2% 50.2% 35.7% 38.8%
60.0% 53.0%

63.2%  55.5% 11.9%

6.8% 4.8% 45.0% 53.7%
62.2% 52.3% 50.5% 54.8%
61.0% 53.0%

68.7% 57.8% 14.8%

6.8% 4.8% 20.0% 26.2%
62.8% 53.0% 41.8% 46.0%
69.4%  58.6% 17.1%

6.6% 4.6% 40.0% 48.9%
61.0% 52.0% 41.1% 45.0%
67.4% 57.5% 15.2%

5.7% 3.4% 87.0% 91.8%
59.0% 47.5% 83.5% 86.3%
65.2% 52.5% 5.7%



Unli ke other chem cal and separation processes, a higher quality feed stream
actually leads to a higher percentage of N2 rejection. One can actually state
that the operation of the CPSA is counter-intuitive.

The current results are consistent with this observation. The best N2
rejection was about 17% Earlier results with higher quality feed streans
(about 85% CH4) allowed for N2 rejection of 30% and better

Based on the Tuthill BlowerXpert7 Programthe total flow of CMM through the

bl owers was approxinmately 1.08 MMCFD. G ven the feed stream anal ysis, that
yields 650 MCFD of CH4. These bl owers were feeding the gensets at the site
simul taneously with the CPSA. Wth 9 engines operating, about 225 MCFD of CH4
was bei ng consuned for power generation. That left 425 MCFD for feed to the
CPSA. The Gas Recovery values in the attached spreadsheet could then be used
to calculate the Product and Waste streamflow rates if desired.

After the tests listed in Exhibit 37B, the CPSA unit was run continuously for
several weeks. There were no significant operating issues during this extended
operating period. That showed that the process is conmmercially ready if there
is higher quality CWM avail abl e for processing.

E. Econonmi c Anal ysis
1. Federal No. 2 Mne Electricity Rates

The generated electricity was sold to EACC under a letter agreenment. The
Federal No. 2 Mne is served by Mdnongahel a Power Conmpany (Mn Power), a
subsi di ary of All egheny Power Systens. The Mon Power rates break out demand
and energy conponents separately. Power is purchased by the Mne from Mn
Power under Rate Schedule K. The demand charges are $8. 268/ kva/nonth for the
first 1000 kva and $6. 925/ kva/nonth for all additional kva. The demand is
based on the highest 15-m nute peak during the nmonthly billing period.

These rates declined about 5% during the execution of the project. It is a
credit to the proposed technology that it continues to be conpetitive in |ight
of these price drops.

Since a mne-site generator would only be displacing increnental demand, the
rate at which it could sell to the coal conpany would be | ess than or equal to
the | ower $6.925/kva per nonth rate. The generators have generally had greater
than 90% availability during a nonth. Therefore, this demand conponent woul d
be equal to $0.0095/kwh (9.5 mills per kwh).

The energy charge under Schedule K is $0.02304/ kwh. This encountered nore than
a 10% drop since Phase Il was initiated. At current rates, that means an
onsite generator could be displacing power valued at slightly over $0.032/kwh,
if both demand and energy conponents are considered.

The Mon Power Rate Schedul e does not contain separate fuel adjustnent clauses.
Such el enents are apparently handl ed by new rate schedule filings.

There is very little concern over the total electricity market at this site.
The Federal No. 2 M ne uses between 10 and 20 MW of peak demand. Wth the

m ni ng machi nes shut down, the fans al one use between 5 and 10 MW of
electricity for their operation. The original Phase Il proposal was to instal
nomnally 1 MWof generating capacity. This analysis shows that there is a
consi derabl e market for nore generating capacity in the future.



2. Power Generating Equi pment Capital Costs

Capital cost projections are for 1C engines as fabricated by NWFuel. All of
the details are presented in Appendix C. This covers everything fromsite
preparation, and electrical hardware, to engi nes and generators. The tota
capital cost was $740,000, as is summarized in Exhibit 38.

3. Power Generation Operating and M ntenance (O&W Costs

The O&M costs for |1 C engines are based on actual costs experienced by NW Fuel
during the 6-nmonth time period fromApril 1, 2004 through the end of the DCE
contract period, Cctober 4, 2004. The O&M costs, including |labor, add up to
$50,280. During that tine, a total of 2,204,000 kWh were generated. That

| eads to an operating cost of 2.3¢/kWh. That is higher than expected, mainly

due to high | abor costs. These will cone down over time as the generating
units produce higher outputs and the |ocal operator becones nore self-reliant.
During the early Phase Il operations, NWFuel’'s Operations Manager had to

drive to the site fromCadiz, OHin order to help establish the norma
operating and troubl eshooting protocols. As the |ocal operator becones nore
fam liar with the equi pment, there will be | ess need for renote support.

4. Gas Processing Capital Costs

The gas processing included a NRU, CO, removal unit and a dehydration unit. The
NRU was a CPSA unit. The CO, renpbval was an am ne system and t he dehydration
was acconplished with a TEG unit.

The combi ned gas processing units were capable of processing 20 m/min (1 MVCFD)
of CMM The capital costs for both the CPSA unit was $403,000. The capita
costs for an am ne scrubbing unit was held to $65,000 by purchasing an used
unit. New units woul d have cost $120,000 for a plant processing 20 n?¥/min. The
dehydration unit cost |ess than $20,000. Wth delivery and installation, the
total installed cost was about $35, 000.

5. Gas Processing Operating and M ntenance (O&W Costs

The operating costs for the NRU and ot her gas processing units was not

determ ned. The inability to produce a pipeline product fromthe available | ow
quality gas kept the NRU operation from being continuous. The unit was tested
for a short period of tinme and then shut down.

6. Di scounted Cash Fl ow Anal ysis

Using the Capital and operating costs stated above, one can performa

di scounted cash flow (DCF) return on investnent (RO ) analysis for the power
generating installation. Unfortunately, the return is very nom nal due to the
hi gh operating costs that are still being experienced with the present
operation. The after tax DCF RO is only about 1% In the future, as the
operations are inproved, one can expect a better RO.

The rates of return for the NRU woul d have been consi derably higher. Had the
process been able to operate commercially, it would have generated an after tax
DCF RO of 35% If one were to add the capital and operating costs for the CO
removal and dehydration processes, then the economc return for both of these
options drop to a 22% after tax RO. That is still a very attractive return,
especially for such an environnental ly desirable project.
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EXHIBIT 38.

Power Generation Capital Costs

Site Preparation

Fencing
Grounding Field
Concrete Pad

Electrical

EACC Relays
Substation

Breakers

Control Transformer
Generator Control
Control/Generator Wire

Fuel Supply

Gas Pipeline
Pipeline ROW
Gas Blower

Gas Cooler
Engine Fuel Lines
Gas Regulators
Shaft Air Ducting

Engine/Generator Sets

Engines
Controls/Drivers
Fabrication

Oil Reservoirs
Generators
Generator Controls
Capacitors
Exhaust Piping
Exhaust Blower
Exhaust Stack

General Shipping

SUB-TOTALS

Parts

$6,700
$10,000
$15,800

$3,200
$34,500
$21,170
$860
$2,480
$5,800

$52,000

$6,000
$15,135
$20,000

$3,070
$13,200

$74,200
$36,615

$1,440
$42,900
$30,000
$7,200
$4,550
$13,525
$19,400

$439,745

Engineering & Project Management

Contingency
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Taxes &

Labor Shipping Totals
$32,500
$79,610

$1,200
$4,000
$2,400
$4,000
$144,405
$3,500
$2,200
$18,000
$4,500
$6,3800
$335,630
$5,400
$86,400
$5,000
$4,500
$4,500
$8,000 $12,000
$5,000 $6,000
$147,000 $18,400 $605,145
15% $90,772
7% $42,360
TOTAL $738,277



F. Permtting

During the course of the project, several permts had to be obtained in order
to carry out the project. The sections bel ow describe those permts.

1. Federal Energy Regul atory Comm ssion (FERC)

| ndependent power producers nust receive certification for their installations
fromFERC. Snall units such as the facility proposed for the Federal No. 2

M ne can go through a self-certification process under CFR 19 Sec. 292.203-
.207. NW Fuel acconplished this self-certification

2. Air Emssions Pernits

An application was submitted to the State of West Virginia, Departnent of
Environnental Protection (DEP), Ofice of Air Quality for an air em ssion
permt. The application for this project was originally submtted in July,
1997. A copy of the application is not provided in this Report due to its
length. It consisted of 120 pages.

In 1998, the staff indicated the need for source tests on the engines. Since
the project had not installed any equi pnment yet, it was fortunate that NW Fuel
had identical engines in operation in Chio. The State of West Virginia
accepted tests on those engines for the purposes of the application.

Source tests were perforned by Mnarch Anal ytical Laboratories, Inc. on May 28,
1998. The results of these tests are presented in Appendix D. These tests

i ndicated that sone limtations would need to be specified in order to keep the
total NO; eni ssions below 227 nmt (250 short tons) per year. |If this limt were
to be exceeded, then another type of permt would be required, to assure
prevention of significant air quality deterioration. The proposal by NW Fuel

was to limt the total electric energy produced in a given year to 9.1 mllion
kwh. That woul d keep the total emissions of NO bel ow 227 nt per year. The
other major criteria pollutant, CO was not a problem |Its emnmi ssions were a

fracti on of NO eni ssi ons.

After the May, 1998 enmission tests, the W DEP staff added another requirenent.
The projected em ssions would have to be nodel ed using the EPA Screen3 nodeling
program After several iterations, the DEP finally accepted NW Fuel’s nodeling
results. The After operating the facility for three years, a Title V Pernit
Application was submtted to the W/ DEP in August 2003. The Title V Permt was
i ssued in Septenber, 2004. The power generating units continue to operate
under that Permit since that tine.

It is evident that air emission permitting is a significant task in such a
project. This is particularly onerous given the relatively small size of this
facility.

3. Gas Well Permts

Wth the passage of legislation in 1994, the State of West Virginia now
requires permtting of gob gas wells from which gas production is captured and
utilized. The Gl and Gas O fice in the State admnisters this pernit process.
The permitting of these gas wells was not as it would have been for a
conventional gas well since the coal and gas owners in the Primary Area are not
the sane. NWFuel had to obtain |eases fromthe oil and gas owner for Vents
#22, #29 and #30. To conplicate things further, the coal owner’s (EACC)



interests to coal bed nethane (CBM had been | eased to CNG Produci ng Conpany
(and subsequently assigned to DEPI). An agreenent had to be negotiated with
CNG in order to allow for CBM CMM production fromthe gob wells. This was
eventual |y acconplished. Then applications had to be made to file for CBM Wel
permts with the State of West Virginia. Those were issued for Vents 22 and
29.

4. Land Omership Review

A prelimnary | and ownership review was perforned for the Primry Area of
Interest. This provided the basis for the oil and gas |easing nmentioned above.
There was al so the need to review surface ownership so rights of way could be
acquired for installation of pipelines. Fortunately, only tw | andowners had
to give their permission for installation of the pipeline between Vents #29 and
the Parrish Shaft. Vent #22 was al so accessible fromthese sane rights of way.

I V. CONCLUSI ONS

The Federal No. 2 Mne is a large mne with a history of innovative nethane

dr ai nage techni ques for inproving mning safety and productivity. The M ne
produces significant ampunts of methane, providing a |arge potential for

met hane utilization. The characteristics of the coal encourage | ong consistent
flows fromventilation wells, even after the active m ning has been conpl eted
in an area. The current nethane utilization project was a |ogical extension to
past activities for nethane capture and utilization at this M ne.

There were adequate gas resources in the Proposed Project Area to support an
order of magnitude nmore electric power generation than the 1.2 MW project that
was actually installed. There were some difficulties in accessing the
avai | abl e net hane, but those were eventually overcone with the sealing of a
part of the Mne and the subsequent production of gas fromthat seal ed area.

The gas processing that had originally been envisioned could not be applied on
a comercial basis. The gas quality formthe gob holes had dropped to such a

| evel that the CPSA process was not capable of producing a pipeline quality
product. The process was denonstrated for a short period of tine and then shut
down.

The project would have been economically viable had the gas quality remained at
previously tested |l evels. The use of a power generating systemintegrated with

a gas processing systemcan still be viable at other coal mnes. Such a system
provi des an uni que opportunity to use both gob vent hole emissions as well as
met hane in ventilation fan exhaust as fuel for the generators. |Incorporation

of NW Fuel technol ogy for nitrogen rejection provides the synergistic benefits
of delivering pipeline quality gas and providing additional fuel for power
generati on.

The work in the various Phases of this project can provide the design for an
integrated CMM utilization system for application at other coal mnes. The
techni ques developed at this site will be imediately applicable to the many
ot her mnes operating in the Pittsburgh Coal bed and readily adaptable to m nes
in other seans throughout Anmerica.
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VI. LI ST OF ACRONYMS AND ABBREVI ATl ONS

CNGP
CPSA
DEPI

EACC

IC

MCFD

MMCFD
MVt py

MMTPY

NRU
PSA

Ton

cubic feet per nmnute

Consol i dated Natural Gas Produci ng Conpany
conti nuous pressure sw ng adsorption
Dom ni on Expl oration & Production Inc.
Eastern Associ ated Coal Corporation

i nternal conbustion (engine)

t housand cubic feet

t housand cubic feet per day

mllion cubic feet

mllion cubic feet per day
mllion metric tons per year
mllion short tons per year

metric ton
nitrogen rejection unit
pressure sw ng adsorption

short ton
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. West Virginia Coal Information

West Virginia contains 117 nanmed coal seanms which underlay 75% of the State
with original reserves estinmated to be 117 billion tons (Erw n) . Esti mat es
of remaining nmnable reserves from the 62 nminable seans in West Virginia 57
billion tons (Exhibit Al). Fourteen percent (127 mllion tons) of the national
coal production cane from West Virginia in 1985 with 21% of this generated from
the Pittsburgh Coal bed. Over 10 million tons of coal was mned in Monongalia
County al one.

Western Mnongalia County has mnable reserves of the Wshington, Waynesburg,
Sewi ckl ey, and Pittsburgh Coalbeds (Uery and Mlinda) with reserves of the
Pittsburgh seam for Monongalia County estimated to be over 1.3 billion short
tons (Hunt and Steele).

Average anal yses from West Virginia Coal by County is shown in Exhibit A2 and
general information about the Northern Appal achian Basin coals and their gas
characteristics is given in Exhibit A3 (Hunt and Steele).

1. Pittsburgh Coal Characteristics

The Pittsburgh bed has a uniform character over 6,000 square mles in W,
Pennsyl vania, GChio and Maryland with a thickness of 8-14 feet thick in Northern
W (Exhibit A4, TRW. It is one of the largest and nost valuable coal beds in
the world (Diamond, et al, 1988). It is found at a depth of 800-1,200 feet in
western Monongalia County yet outcrops along the Mnongahela River and in
eastern Monongalia County (Exhibit A5, TRW. It is rated as a H gh-Volatile A
Bi t um nous Coal. The Federal No. 2 Mne is located in an area containing coal
with 12, 000-13,500 Btu/CF, greater than 12% Ash, and 2-3% sul fur (Erw n).

Exhibit A6 lists specific coal characteristics for the Pittsburgh seam in W
(Erwin).

I11. Stratigraphy

A diagram of Pennsylvanian Geologic Strata is shown in Exhibit A7, with nore
detail regarding the coal beds at the Federal No. 2 Mne given in Exhibit A8
(Di anond, et al, 1988, and TRW. A corehole record fromthe MPB site reveals
the exact thickness and position of the coal beds down to the Pittsburgh Seam at
this position in the Federal No. 2 Mne (Exhibit A9, Fields, et al, 1973).

The minable coalbeds in this region belong to the Pennsylvanian System and were
deposited ~280-310 million years ago. The Pittsburgh Coal bed is the basal unit

of the Mnongahela G oup deposited during the late Pennsylvanian. The
Monongahel a Group contains the Pittsburgh, Redstone, Sew ckley, and Uniontown
Coal beds and is divided into the Pittsburgh and Uniontown Fornmations. The

Pittsburgh Formation is further divided into five nenbers, Lower, Redstone,
Fi shpot, Sewi ckley, and Upper, and is 275 to 350' thick in and near the Federal
No. 2 Mne (Uery and Mlinda).*

! see reference in the main body of the report, pp. 75-77
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Reserves (mllions of tons)
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EXHI BI T A2. Average Coal Anal yses by County and Bed

WEST VIRGINIA
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Exhibit A3. Comparative Reservoir and Geologic Char acteristics of the Appalachian and Warrior Basins

Reservoir and Geologic Appalachian Basin

Characteristics Northern Central Black Warrior Basin

Gas content (Scf/ton) 100 - 440 205 - 660 300 - 500
(Lower) (Similar) (Productive Basin)

Permeability (md.) 0.1 -26 5-27 2-30
(Lower) (Similar) (Productive Basin)

Sorption time (+ days) 60 - 600 1-3days 3 - Sdays
(Slower) (Similar) (Productive Basin)

Coal rank (bituminous) High Vol Low - Med Vol Med - High Vol

Gas in place (Tcf) 61 5 20

Stratigraphic position Above Pousville Pottsville Pottsville

Target depth (feet) 800 - 1,200 1,500 - 2,500 450 - 4,000

Hydrostatic gradient (psi/foot) 0.18 - 0.30 0.35-043 0.35-0.43

Historical Technological

Approach

Fracture treatment size Smaller Smaller State-of-the-art

Not state-of-the-art  Not state-of-the-art
Completion and production
technology Not state-of-the-art  Not state-of-the-art State-of-the-art
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Exhibit A4. Pittsburgh Coalbed Seam Thickness|sopach Map

- -
- TAYLOR “COUNTY

%Q
A N ALLEGHENY
i COUNTY
P~
N __.—_\;Q;{":n —— X
TON_COUNTY,
——A4 — —=
—
/s 5 ¥
1 A
LEGEND
Clon
0-4ft =
Ea-8t
W 8-12 ft N
EJ2-eft COUNTY
. 16 ft
Y
o 6 12 <
Scale, miles
3
At )
'..v o, 3.
RS
AR =
£ ™ T
D KEY map W. Vo MONONGALIA
TEC COUNTY. - 7]
COUNTY. o
- /|
o j ;a'
<A Yo :
% A
7 8 £3
WARION COUNTY. 'S
- =
SN
1 é’”
Q
)y
75,
;
HARRISON - -
FCOUNTY, N /

74




Exhibit A5.

Pittsburgh Coalbed Overburden I sopach Map
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Exhibit A6.

#

Coal Characteristics of the Pittsburgh Seam in WV

Average Range

Heating Value (Btu/CF) 13,200 12,100-14,100
Ash Content (%) 6.7 4-15
Moisture Content (wt %) 1.3 0.5-4
Volatile Matter (%) 38 26-42
Fixed Carbon (%) 53 46-60
Chlorine Content (%) 0.04 0.007-0.107
Sulfur content (%) 2.4 1-4.4

S S
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Exhibit 7. Strata of Pennsylvanian-age Coalfieldsin the Appalachian Basin
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Exhibit A8. Stratigraphic Column for Pennsylvanian-age Coals

LEGEND
I Coo!
Red Bed
ES shate

(] sondstone
=3 Limestone

7
§

Monongahela
Group

¥ wq Coalted

Unwntown Coolted

Befrwnod Corbonote -
Upper onad LOower Sewchiey cootbeds
X Fishpot Limestone

Redstone Coalbed

Pit1sburgh Coalbed

Conemaugh
Group

Pennsylvanian System

Littte Pittsdurgh Coolded
Connallsvile Sondstone

..]Clorksburg Red Bed

= ]Morgantown Sandstone
Bwmnghom Red Bed

Ames Limestone

Prttsburgh Red Bed

Soltsburg Sonditone
Woods Run Limestone

Pine Creck Limettone
: [Brush Creet Lemestone
—adl Mohonng Coolbed
Mahoning Sandstone

Allegheny
Group

Upper Freeport Coaldbed
Lower Freeport Coolded
Upper Kittanoeng Coatbed
Miodle Kittonning Coolbed

e LOwet  Kitlonaing Coolbed
k=== _ Vanpor! Lmesions
o] Upoer ond Lower Clarion Coolbeds

_[Pottsville
Group

Brookvilte Coalbeds

Mercer Coolbed

* 1 Connoquenesting Sandslone
Quokertown Cootdbed

g

.| Shoron Conglomerat Sondstone

Mrssissppion

78




Exhibit A9. MPB Corehole L ogs
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The | ower nenber is 25-45" thick (Exhibit A10, Uery and Mdinda). |Its base is
the Pittsburgh coal bed which is covered by 1.5 to 8 thick sequence of various
shales interbedded with up to 5 inpure and bony coalbeds which range in
thickness from 2 to 29 inches. The thickness of the Pittsburgh Coal bed at the
Federal No. 2 Mne has been listed in various sources as 84-103 (Uery and
Molinda), 6.5 to 7.5 feet (TRW, and 9 feet, with 7 feet currently being m ned
(Zabet aki s) . During the nore recent high production years the depth has been
nost frequently reported at 96". Above this is a nmedium to dark gray |iney
shale which grades into gray shaly Ilinmestone and fine-grained non-narine
i mestone; portions of this also contain fine-grained sandstone and sandy
shal e.

The Redstone Menmber ranges from 25-35 feet in thickness and includes the
Redst one Coal bed which is 0-22 inches thick. Overlying this coalbed is a soft
clay shale, linmestone, and cal careous shal e.

The Fishpot Menber is 20-30'" thick with the Fishpot coal bed ranging from 012
inches overlain with gray or clay shales. Above the shale is a coarse clastic
sequence of gray sandy shale and minor fine-grained sandstone 3 to 25 feet
thick which is covered by 1-4 feet of clay or carbonaceous shale that is
directly under the Sew ckl ey Coal bed.

The Sewickley Coalbed is 35 feet thick and overlain with up to 50 feet of
sandst one.

The Uniontown, \Waynesburg and Washington coalbeds |ie above this wth
t hi cknesses of 1-3, 3-5, and 2-5 feet respectively.

The Upper Freeport Coalbed lies 600 feet below the Pittsburgh seam and the
Lower Kittanning is 275 feet further down at the Federal No. 2 M ne. These
seans range fromO0-6 feet and 3-8 feet in thickness (TRW.

V. Structure

The Federal No. 2 Mne is on the Pittsburgh Plateau section of the Appal achi an
Pl at eau whi ch consists of broad open folds trending NE-SWwith little faulting.
It is just southwest of the term nations of the Belle Vernon anticline and the
VWitely syncline and is located nmdway between the axes of the Moresville
anticline and the Waynesburg syncline (U ery and Molinda). Exhi bit All shows
the regional structure (TRW.

The Pittsburgh coal seamis classified as "blocky", with a well devel oped cl eat
system conposed of the dominant fractures fornmng the face cleat, and minor
fractures at right angle to this forming the butt cleat. The |local face cleat
orientation at the Federal No. 2 Mne is N 170 E (Di anond, et al, 1988).

V. Coal bed Pressure

Cervik has reported an in situ pressure of 275 psig in the Pittsburgh seam with
others estimting 260 psig for this bed (TRW. At the Federal No. 2 Mne the
in situ pressure was recorded to be 203 psig at the MPB (Fields, et al, 1973)
and 278 psig at a site used to test vertical boreholes (Trevits, et al).



Exhibit A10. Pittsburgh Formation Stratigraphic Section in Project Area
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Exhibit A11.

Pittsburgh Coalbed Regional Structure Map
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VI. Permeability

The pernmeability of the Pittsburgh coal seam was calculated by Kissell from
pressure and flow neasurenents in horizontal boreholes. Pressure curves as a
function of hole length were prepared and the perneability was calculated by
fitting this curve to the Darcy equation with the foll owi ng assunptions:

desorption is fast,
* the coal bed acts as an infinite slab with a constant seam
pressure at an infinite distance, and
* the m ne drai nage begins when the face is m ned.

It was found that the perneability varied widely even within a given seam The
perneability estimtes were between 0.7 to 181 nd for the Pittsburgh Coal bed.
O her estimates for coal in this region have ranged from 0.1-26 nd (Exhibit A3,
Hunt and Steele). The perneabilities were much higher in holes which crossed
the face cleats at right angles. Crush zones, regions of very high
perneability, 1.6 to 20 feet in length were seen at the mining face. These are
presumably caused by the pressure exerted once the m ned coal has been renoved.

Permeability increased markedly with tine but the reason for this is unclear.
I naccurate assunptions may contribute to the apparent increase but the author
does not feel that these can account for all of the increase. Ot her factors
may be the renmpval of water from the seam with mining and ventilation and a
possi bl e opening of cracks due to the desorption itself (coal has been found to
expand as rmuch as 0. 1% under 40 atm of nethane).

The actual values are suspect and of linmted use. The Pittsburgh data may be
especially inaccurate as this coal is known to be "blocky" in nature with a
wel | devel oped cleat structure at ~6" intervals (TRW. It has a |ow diffusion
coefficient and a high perneability (Kim and Kissell), which is the opposite
of the analytical prense. The fracture perneability also allows the coal bed
to begin draining well ahead of the face. Al so, the coal bed pressure was
estimated at 120 psig whereas the typical estimate is 275 psig, a difference
which would Iikely cause an overestimation of perneability.

It is inportant to note that perneabilities are highly variable, will depend
upon the face direction in coals with highly devel oped cleat structures, wll
decrease with noisture, and tend to dramatically increase with tinme and allow
much higher flow rates over |onger periods of time than would be predicted by a
constant perneability assunption. The Pittsburgh Seam was clearly nore
pernmeable and contained nore directional anisotropy than the other coals
tested. No dependence on overburden was found.

The in situ diffusion characteristic (D/a2), was determned by |I|aboratory
pressure testing to be 1.6 X 108, and neasured from a borehole at 2.9 X 108
(Kim and Kissell).
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Appendi x B: 1998 Bl ower Tests on Vents 29 and 30

The blower tests performed on Vents 29 and 30 took place during the sumrer of

1998. A Tuthill Blower driven by a 50 horsepower engine was used for these
tests. The blower was taken to the site on July 21. It was installed on Vent
29. After a brief shakedown period, the blower was shut down for the night.
The extended flow test of Vent 29 began on July 22. The bl ower was operated
continuously for over five days. The results are presented in Exhibit B1.
The bl ower maxi num capacity was linmted due to the discharge tenperature of the
gas. If the engine was driven too hard, it raised the gas tenperature to a
point at which it would danage the bl ower. The test was ternminated after the

bl ower had automatically shut itself off due to high discharge tenperature at 1
amon July 28.

The test on Vent 29 was successful. The Vent was shown to be capable of
produci ng over 4 nmi/nmin (200 MCFD) of gas containing 90% nethane. That single
Vent can provide half the fuel supply for the generators.

After the conclusion of the blower test on Vent 29, the equi pnent was noved to
Vent 30. The test on this Vent was run for about 20 hours. The results are
al so provided in Exhibit B-1.

Vent 30 was found to be even nobre productive than Vent 29. It was capabl e of
producing nore than twice the gas flow At one point it delivered over 10
m/mn (500 MCFD). The nmethane concentration was |lower, at 80% to 85% In
total, it is still nore than twice the nethane flow from Vent 29.

During the flow test on Vent 30, the wellhead pressure was nmeasured at Vent 29.
It showed a lower pressure than was experienced when the blower was not in

operati on. This may indicate sone underground conmunication between these
Vent s. This is understandable due to the amount of fracturing which takes
pl ace during the longwall mning. This will have to be nonitored during the

commerci al production of gas, so the reservoir is produced properly.

In each blower test, the pressure in the reservoir came back to undisturbed
levels very rapidly after the blower was shut off. It took about one ninute
for Vent 29 to return to anbient pressure after the blower was shut off. This
implies that the wellbore reservoir is of linmted size, but it can be readily
recharged fromthe surroundi ng strata.

These two Vents will be capable of providing the total fuel supply necessary
for the power generating units to be installed at the Federal No. 2 M ne.



Exhibit B-1. Federal No. 2 Mine Vent Tests

July, 1998
Vent 29
Cumul.
Eng. Well Orif. Disch.  Disch. CH4 Gas Flow Gas
Speed, Press. dP Press.  Temp. Conc., Flow, Increm.,  Flow,
Date JTime  rpm kPa  kPa kPa c %  m3/min m3 m3
July
22 11: 30 1325 79.3 25 105 77 91% 4.64 278 278
22 12: 30 1300 79.3 25 105 77 92% 4.64 1,352 1,630
22 17: 22 1300 77.2 2.0 105 77 92% 4.17 12 1,642
22 17: 25 1400 73.8 25 105 77 92% 4.64 7,110 8,752
23 19: 0 1350 73.4 2.0 105 79 93% 4.17 5,488 14,240
24 17: 0 1365 71.7 2.2 105 79 93% 4.42 6,351 20,591
25 17: 47 1350 713 2.0 105 79 93% 4.17 6,194 26,785
26 17: 50 1327 713 2.0 105 82 92% 4.14 5,983 32,768
27 18: 0 1300 713 2.0 105 82 91% 4.14 21 32,789
27 18: 5 1350 69.6 2.2 105 82 91% 4.33 1,794 34,583
28 1: 0 shut down due to high discharge temperature
Vent 30
Cumul.
Eng. Well Orif. Disch.  Disch. CH4 Gas Flow Gas
Speed Press. dP Press. Temp. Conc., Flow, Increm., Flow,
Date Time Rpm kPa  kPa kPa Cc %  m3/min m3 m3
July
29 14: 50 1650 79.3 75 105 63 77% 7.6 1,028 1,028
29 17: 5 1650 79.3 75 105 63 80% 7.6 7,043 8,070
30 8: 30 1725 78.5 75 105 63 85% 7.6 228 8,299
30 9: 0 2600 74.2 15 108 88 85% 10.3 154 8,453
30 9: 15 2425 74.7 13 105 93 82% 9.5 711 9,164
30 10: 30 2440 73.4 13 105 96 83% 9.5 66 9,230
30 10: # Bl ower

shut off
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7;5 IIi'w Multiple Generation Project Priced Aug 16 1999

Eighteen single 75 Kw induction generators powered by

General Motors 454 Cubic Inch natural gas engines

Total Total
tem ltem ltem Catagory |
Qt Price Price Price
Ehres Phase to 480 volt secondary.
_[Webnic Construction Services, Inc_ Wil instal] three S00KVA, Iranstorners
upplied by Eastern Associated Coal Coal Company on a two pole platform
with all arrestors and pole grounding,
Webnic will install 23Kv to primary of transformer and 480 volt secondary N R
service t0.NWF 1200 Amp Parniel Boards
i Laborinciuded) . ]
|| 1As per Quote <90-60>  May 17 1969 $34,500.00 | $34,500.00
B $34,500.00
" — ; —
Eémﬂ'gular with two gates on each end of the 60° sections,
[Each gate opening would be 20’ wide with two gates 10° each that would
L ing toward the canier. o
1 jAlco fencing — Gary  Quole i $6,657.00| $6,6067.00 ]
$8,697.00
r i M
1200 Amp Main breaker and nine 150 Amp generator breakers rated for
100000 short circuitinterupting capacity. Needed high 100000 amp capacity
dus tothe transformer baing rated for 1.5 impedance, . . .




Nema 3R enclosed 15 Kva to step 480 volt to 120 & 240voit. 120volt
eeded to operate IEC contactors and maintenance
Cardello Electric Supply: Proposal # 6H2-ST866
1 T1/GE 972189105 15KVA 115C Rise 1Ph 480 TO 120/240 $480.00 $480.00
2 GE Panelboard Type AQ (101) 100amp Main 12Ckts
1 eight 20 amp breakers, AB253 Box, AQF1121 AB interior $379.00 $379.00
6 days frabricate mount, install transformer and control voitage panel box $859.00
48man hours at $50.00/ Hr __Labor
$2,400.00
-~ To control shut down of entire generating facility in the case of g eleciricat
| Fault or by a manual safety shut down bution. i
Enclosure NEMA 3R 48°X 24" X 12" Desp
111 PEC pricing $800.00 $800.00
3 Push buiion switch
1 |Start: Grainger: Push button SB372 348.85 $48.85
1 Blogk 58538 86.48 $5.48
1 L.eng red 58483 54.28 $4.38
3 Safety stop
1 Push button BR330 34 55 $34 .58
1 Block 5B535 30.45 $3.46
4 Piligt Light
1 ___yellow power on_ Grainger: 5B520 $44.05 $44.85
1 lens yellow 58433 $4.38 $4.38
5 Control voliage contactor: 4pele, Full load amps 30, 120 volt holding coil
: 1 [Grainger 5B115 $33.50 $33.50
8 | NollageBalance/Undarvoltage Relay and rolay
1 Roebert Howlay Co.  Basler protective relsy BER-4TN/27 $BR00; PBR.00
7 | 1|Grainger Relay DPDT 120volt coll 8%827 #1528 $15.22
1 Base EX6RZ =) $5.69 —
Melering for ulility { production and consumption}
1 IAEF Cis Pls and meteding devices  Quote 7/28/68 $1.500.00 $1.500.00! $2477.77
10 days Frabricate box mounting instalistion of herdware and sef-up on sife
£0.man hours/ 350 Labor
- $4,000.00
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GL Sales Hunting Beach Ca. _ Tuthill Corp. Model 5511 Date 7/2/99

1/5511-81LZE w/60HP TEFC $11,115.00 $11,115.00
Pressure control regulator
1{ Equimeter 2" model 121-12 with Green spring control 6-14" H2 O press. $934.00 $934.00
Electric motor starter for Tuthill 60HP
Nema size three 10G1, Start/stop button 480v/480v control three heaters to
control overload CR123F567B Nema 3Renclosure
1 ICardello Quote 6H2-CW5371 $1,895.00| $1,895.00
3 [Fuses for starter Cardello LTLFLSR200ID $32.88 $98.64

Wiring for 60HP Tuthill Model 5511-81LZE
XN —

H ] o




§ |18 |[Fabricate idler Bracket NWF shop $50.00 $900.00
6 (18] Idler pully Napa 209847 $15.97 $287.46
7 [18 |Belt Napa $6.75 $121.50
8 [18 [Over flow reserve for radiator Napa $11.50 $207.00
9 |18 [Tachometer/over speed control Murphy DT 9805 $325.00| $5,850.00
10 [18 [Magnetic pick up (for Tach)  Murphy MP 3298 $45.00 $810.00
11 [18 [Engine Hour meter 12 voit Murphy 00-00-0865 $40.00 $720.00
12 [18 |Vibration control Murphy  VS2 $90.00( $1,620.00
13 [18 [Electrical control (for oil level and tach) Murphy PH221 $26.50 $477.00
14 (18 |Qil level controller Murphy LR857FP $88.50( $1,593.00
15 [18 |Natural gas, pressure operated shut in valve Murphy M2582P $185.00) $3,330.00
16 [18 [Exhaust headers (exit through roof design) Buck’s Engine $150.00| $2,700.00
17 |18 [Cluich saftey switch Grainger 3XG60 $33.80 $608.40
18 |18 [Oil cooler Grainger 4F3682 $276.00| $4,968.00
19

18

Fittings cooler 5/8 barb-1/2pipe Napa BK1660-1528 $4.77ea-- 6per engine

$515.16
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|
§ | 1|Exhaust piping Stainless tubin need to add materials and pricin $0.00 $13,524.29
90 Hrs __instalfation of blower, mounting, wiring, and piping fo stack
90 man hours/ $50 Labor
$4,500.00
1/100Ft 304L 18" OD x 17.25 ID Pipe at 102.16/FT $10,216.00] $10,216.00
32 [Concrete piers for stack footing  $65.00/ YD $65.00] $2,080.00
1 0' of 1/2" Galvinized guy wire(1x7single strand) 12100 LB rated $250.00 $250.00
1 |Guy wire hardware eye-bolts, nuts, ETC $65.00 $65.00
1 |Safty insulation (heat deflector) $860.00 $860.00
1 _LLightening arrestor and grounding cable $100.00 $100.00
1 Zirconium Oxide Continous Oxygen Monitor for exhaust stack $2,650.00] $2,650.00
1 IStack temperature gage $100.00 $100.00
30 Hrg Labor fo axcavale, form, and pour concrete $16,321.80
24 Hrs Labor fo fatwicale and insfall stack base
36 Hrs sef stack inchuding crane and instafing guy wires
80 msn hours/ $50 Labor
$4,500.00
18 it $2,380.00 | $42.B40.00
$42,840.00
eter,CT, reverss power, Siart-Slop and Hohts)
1 30 Kvar Power factor comaction capacitors/ fuses and liohts enclosed in
18 ja nema 3R fidure Warco Sales - Arog {brand} caft # 46030BMCL §314.00 | $5652.00
2 18] Nema 3R box 24%C40" Grainger 4KF25 $172.75] $3100.50
EC comactor 140 Amps 3 poie 120 volt ool
ardello Quote: 112017 6/4/00
3 6 \Cardallo GECKTSCE311J $612.50] $11,025.00
Solid state overload 20-120 Amp range/ mount lugs
4 116 Cardelle GERTNSD £80-120 O/ Relay $156.55) 5281700
5 &) Reverss power relay - single phase for AC trip  Robert Howley Co.
18 Basslar # BE3-32-14 $280,00| $5040.00
'8 | [Curont Transtoner, T50-5amp, B00voR_SVA window 775 )
7 18 Crompton Instruments Cat # B14-842U-P7LS Quantity 2 per angine $20 each $40.00 $720.00
T Paned Meter, 0-150 Driver SAmp GT |
18 Crompion ¥ (18-02 $50.00 $600.00
i) Alxiliary Relay 12VDC coil and base
18 i[Omron Relay Graingsr # 6CE73 §7.52 $135.58
18 Diayion Base Grainger ¥ 2A582 §7.37 $132.88
] Opersting lights: Yellow and Red 120 VAC
18 iSquare D yellow Grainger #2ERDS $12.85 $227.70
18 Syuare D red Grainger #2ERD1 §12.685 $227.70
$29,887.62
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Cardello TEC90103 WG 3C 1/0 W/G Quote# 113410 7/01/99

1 Tec 80 Cable $4.80/foot  Estimated at 954' = $457920 $4,679.20| $4,579.20
Bushings for cable into generator control box
18 |[Cardello MCR20S TEC90 CONN $65.00] $1,170.00
IQuote# 113410  7/01/99

$5,749.20
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M&NARCH

ANALYTICAL LABORATORIES, INC.
349 TOMAHAWK DR. - MAUMEE, OH 43537-1696
PHONE (419} 897-9000 -+ FAX (419) 8979111

EMISSION TEST REPORT
Natural Gas Fueled
Internal Combustion Engine
at Nelms No. 1 Mine Cadiz, OH

REQUEST WO: COM-98-E-0753
DATE: MHay 28, 199
PREPARED RBY:

Jogéph 0. Grau

8.9/E-0753



2. SUMMARY

2.1 EMISSIONS

A summary of the emission results is provided below. Refer
to Table 1 for more detailed information.

Test No. 1 2 3 Average

Oxides of Nitrogen

2674

(ppm) 2462 2744

3.20 3.28

327
0.24 .25 0.24 D.24



