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1.0 INTRODUCTION AND SUMMARY

1.1 BACKGROUND

Mountain Fuel Supply Company 1is a publicly owned gas utility
company with extensive natural gas production, pipeline, and distribution
facilities in Utah and Wyoming. Through 1its subsidiary Mountain Fuel
Resources, an active research program is being conducted under which
various nonconventional sources of pipeline gas are being investigated. As
part of this program, a jointly funded project was initiated in January
1679 with the U.S. Department of Energy to show the potential for commer-

cial recovery of methane from deep, unmineable coalbeds.

The Book Cliffs coal field located in central Utah was selected as the
site of the demonstration project. This coal field is known for its high
methane emissions. Numerous projects have been initiated or conducted in
this coal field over the past several years. These projects have drilled
vertical wells as well as horizontal boreholes from within existing mines

in the area.

A Bureau of Mines report (1)* neoting the Tocations of high methane
concentration coalbeds also mentions the Book Cliffs ccal field. Figure 1,
which was reproduced from this report, shows the counties in which coalbeds
are located that emit in excess of 1 MMcfd of methane into mine ventilation
systems. These counties are Tlocated in the states of Pennsylvania, West
Virginia, Kentucky, Alabama, I11inois, and Ohio in the eastern part of the
country, and in Utah and Colorado in the West.,

The Utah Geological and Mineral Survey has also been conducting exten-
sive stucies relative to the methane production potential from Book Cliffs
coals. Since 1975, they have been measuring the methane content of core
samples. Data have been accumulated from over 200 core samples. Methane

contents ranging up to 350 scf/ton have been reported.

*Numbers in parentheses indicate references listed in Section 6.0

-1.1-



FIGURE 1 - Location Map of Counties with Total Methane
Emissions in Excess of 1 MMcfd in 1975
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1.2 OBJECTIVE AND SCOPE OF PROJECT

The objective of this project was to demonstrate drilling, frac-
turing, and completion techniques for recovery of methane from unmineable
coalbeds. This work was intended to show the commercial potential for this
type of methane recovery. Commercial interest was to be stimulated by
making available reliable data, technologies, and economic analysis of

methane recovery from coal.

The project was completed in three phases. Phase I covered site
selection, system preliminary design, economic analysis, and selection of
subcontractors. Phase II included the detailed design work, preparation of
an environmental assessment, and detailed planning of the drilling, well
completion, and testing cperations. Phase III was the operational phase of
the project, during which the designed operations were carried out. The
entire project was completed over a 44-month period.

The scope of the project included drilling and testing three vertical
boreholes into coalbeds that were considered unmineable because of depth
and other factors. Each well was completed using hydraulic stimulation
techniques similar to those successfully employed by the Bureau of Mines
and conventional oil and gas production technologies. Based on drilling
and coring information, the most promising coal seams were completed and
tested prior to being stimulated. Each well was stimulated, dewatering
equipment installed, and long-term production initiated. Long-term gas and
water production was monitored over a 2-year period. However, operating
problems severely hampered production during much of this period. Even
though production data was more limited than planned, a major project
accomplishment was the development of solutions to these operating

problems.

-1.3- 3






2.0 WORK COMPLETED DURING PHASE I

The contract between Mountain Fuel Supply Company and the Department
of Energy to perform this demonstration project was entered into on
January 11, 1979. Prior to this date, preliminary work was done on several
tasks which were completed during Phase I.

During Phase I of the project, the necessary anaiysis, design and
development activities to develop a detailed demonstration plan were com-
pleted. This plan included the following:

1 -~ Site selection criteria and final site selection.

¢ - Contractual and lease arrangements with site property and
leaseowners.

3 - Preliminary overall system design and operation.

4 - Equipment performance specifications including performance
verification, where applicable,

5 - Economic analysis of methane collection and end use system
operation,

6 - Selection of subcontractors and other participants.

7 - Environmental assessment as applicable to the specific site,

including safety considerations.

2.1 SITE SELECTION

Mountain Fuel Supply Company studied potential methane recovery
sites near existing natural gas transmission lines. The Book Cliffs coal
field in central Utah, see Figure 2, was selected as the site of this
demonstration project. This coal field is known for its high methane
emissions and Mountain Fuel Supply Company's transmission 1ine No. 40
crosses the field (Figure 3). Kaiser Steel Company, with the support of
the U.S. Bureau cof Mines, has been conducting an expioratory program di-
rected towards recovering methane from horizontal boreholes drilled from
within mine workings located in the Book Cliffs coal field. Gas production
per unit Tength of borehole has exceeded that from typical eastern drainage
programs, anc the methane has been produced for an extended period with
neqligible water production from the boreholes (2).

-2.1-



2.1.1 Location and General Description. The Book Cliffs coal

field lies in the western 70 miles of an imposing physiographic feature
known as the Book Cl1iffs which is 185 miles in length (see Figure 2). Coal
seams are present along its entire length. The western end abuts against
the Wasatch Plateau and is about 120 miles southeast of Salt Lake City.
The western and northern parts are in Carbon County and the southern part
is in Emery County. The north and east boundary, as indicated by -H. H.
Doelling (3), is placed a 1ittle beyond the 3000-foot coverline. However,
coal exjsts beyond this boundary as evidenced by well logs from holes
drilled for oil and gas to the north and east.

The principal coal-bearing strata in the Book Cliffs area is the Upper
Cretaceous Blackhawk Formation. It is 1900 feet thick and consists of an
alternating sequence of sandstone, sandy shale, carbonaceous shale and
coal. Regionally, the Blackhawk coal sequence can be characterized as
having thick, lenticular coal seams in the west, and grading eastward into
thinner but more continuous coal seams. Subsurface data for coals at
depths greater than 2000 feet are lacking throughout most of the Book
Cliffs coal field. Mapping of the coal has been in an east-west direction
and largely restricted to the prominent escarpments of the Book Cliffs.

A significant portion of the Book CTiffs coal field is below 2000 feet
of overburden. Figure 3, which has been reproduced from Reference 3,
indicates the extent of the deeper coal.

2.1.2 Utah Geological and Mineral Survey Data. The Utah
Geological and Mineral Survey (UGMS) has conducted studies of the methane
content of Utah coals since October 1975 under contracts with the Bureau of

Mines and Department of Energy. Two reports on these studies have been
prepared (4,5). Core data have been obtained which have delineated a "“zone
of gassy coals" in a northwest-southeast trend across the central and
northern Book Cliffs coal field.

The first annual report from the UGMS study (4) presents annual data
from 19 core samples from the Book Cliffs field. These data are reproduced
in Table 1. A1l but six of these samples were obtained from vertical core
holes drilled from the surface. Six samples were obtained from horizontal

-2.2-






¢ aunblL4

2461 "ON11130GC H MW RNOBZ JVN

o

SN
Ct g
 ———— D S | — ]
000'062: 1
‘v3dy S44171D %008
40 SSANMIIHL

anv
_dVW 34NLONYLS 03ZITVH3N39

ALINNOD NOBYUVD
N3aHN8HIAO

1300 4333 DOOL-0 §
43a7) 198 DOOZ - 000
19A03 }R2) 00CE-0002 g
™

13400 snd {33 000€ * . *

NOLLYNYId X3

.4~

-2



core holes in the Kaiser No. 1 Mine. The total gas content of the samples
and the gas content per ton of coal were calculated according to the
concepts given in the U.S. Bureau of Mines Reports of Investigations 7767
and 8043. The residual gas content of each coal core was determined on the
basis that it was a bTocky coal rather than a friable coal.

The second annual report from the UGMS study (5) summarizes the
results from 11 additional samples from the Book C1iffs coal field. " These
data are also included in Table 1.

2.1.3 Methane Content of Coalbeds. According to the Bureau of
Mines (6), methane is always present in coal. It is formed as a normal
part of the coalification process, and as a free gas it occupies the pores,
fractures, or voids present in the coal. However, most of the methane
present in coal is not in the form of a free gas but instead is adsorbed on
the internal surfaces of micropores within the coal (7). The amount of gas
that is adsorbed depends on the coal type and the pressure, temperature,
and moisture level where the coal is located.

The Bureau of Mines has correlated methane content adsorbed on
internal coal surfaces using an equation of the form

V=kpP"-bT (1)
where

V = volume of adsorbed gas, cc/gm MAF coal

P = pressure, atm

T = temperature, °C

and where k, n, and b are empirical constants.

By using parameters recommended by the Bureau of Mines for Book Cliffs
Castlegate coal and the assumptions that the pressure is equal to the
hydrostatic head, and that the temperature increases with increasing depth
at approximately 0.18°C/meter, the recommended equation for Castlegate coal
is

v = 0.80n°% _ 0.00084h - 0.51 (2)

where depth h is measured in meters.

-2.5- 9
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The curved line in Figure 4 indicating gas content in scf/ton versus
depth in feet was constructed using this equation. This curve indicates
methane concentrations in excess of 250 scf/ton of coal should be expected
at depths greater than 2100 feet. It should be noted, however, that Tower
concentrations would occur if the methane formed during coalification was
not confined by low permeability of the surrounding strata.

UGMS data were also plotted in Figure 4 to show their relationship
with the Bureau of Mines adsorption curve for the Book Cliffs Castlegate
coal. The core sample gas concentrations were plotted versus the depth at
which the sample was taken. There are two noteworthy observations to be
made from this comparison: (1) the data are qualitatively in agreement
with the Bureau of Mines adsorption data; i.e., the gas content increases
with increasing depth and reaches levels of 200-400 scf/ton; and (2) there
are wide variations even from samples from the same seam.

2.1.4 Kaiser Drainage Program. Since 1977, the Bureau of Mines
has been conducting studies in the Kaiser Steel Sunnyside mines which are
located toward the southern end of the Book Cliffs coal field. Their
conclusions are that methane recovery from the No. 3 mine was not feasible
but that methane in the coal in the area of the No. 1 mine could be uti-

lized as a potential source of pipeline gas (2).

Two shallow holes, drilled by the company to depths of 110 feet and
120 feet, had been flowing methane at a combined rate of 55 Mcfd for a year
when a decision was made to drill two new holes to greater depths. These
holes were drilled to 430 feet and 450 feet, at which point the gas
escaping from the stuffing box that was used to form a seal around the
drill stem reached dangerous levels and drilling had to be halted. In hole
No. 1, very 1little gas was encountered in the first 150 feet and at this
point was flowing 18 Mcfd. The next 30 feet of drilling produced a
dramatic change in flow rate, increasing it from 18 Mcfd to 108 Mcfd. The
lJow flow rate from the first 150 feet was probably due to degasification by
the shallow holes drilled earlier by the company. The same sequence of
events was experienced when the second hole was drilled. The methane flows
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equation for Castlegate coal.
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FIGURE 5 - Methane Decline Curves for Holes 1

The summary and conclusions drawn by the Bureau

34-day test period are as follows:

"Initial gas flows from Holes 1 and 2 were 222 a

respectively. The average gas flow from the two hole
the Upper Sunnyside coalbed is about 46 Mcfd/100 ft «
hole. In comparison, flow averages 25 Mcfd/100
Pittsburgh, and 8 Mcfd/day/100 ft in the Pocahontas N
Therefore, the Upper Sunnyside coalbed at the No. 1 m
the potential for producing large volumes of methane

proposed boiler plant. Hole depths should be at Teast
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west of Wells No. 1 and No. 2. The highest gas content cc
the UGMS studies were obtained in this area. Three samples
of 275, 305, and 355 scf/ton of coal were taken less than 1
east of the No. 3 well site from coal depths between 2100 to
depth of coal from the No. 3 well was projected from 2240 to

The Castlegate well site was selected because of the |
coal and because of an interest in obtaining production
western portion of the Book Cliffs coal field.

2.2 SYSTEM DESIGN

2.2.1 Site Preparation

The Book Cliffs area surroundir
project site is characterized by steep pinon and juniper cc
deep eroded canyons. Rock ledges are exposed, forming cliff

Description of Area.

Because of the severe tc
The No. 1 and N
chosen for the demonstration project are in the Whitm

Teading into most of the canyons.
are few existing access roads in the area.

Whitmore Park is an open bench area with gentle slopes sepa
Cliffs from the higher Roan Cliffs.
this area affords several alternatives to the proposed tent

Because of the break

will provide for logical expansion of the project. Futu
access roads and gathering lines could be constructed econon
reduced environmental impact due to the topography that the

The demonstration facilities for No
wells are on and adjacent to Mountain Fuel Supply's transmiss

Access to Sites.

in the Whitmore Park area. The access to this location is f
US-7, which is a graded dirt road close to the pipeline rig
pipeline right of way is utilized for access from well site

No. 2.

Access to the Castlegate well location is via Utah State
an existing graded dirt road which passes close to the site
the site would be the only necessary road construction.

-2.16-



Well Sites. A typical plan for a 0.50 acre drill site is shown in
Figure 7. The natural contours at the locations of these sites would permit
construction of these pads without excessive earthwork. Topsoil would be
stockpiled for use in restoration of areas of non-use after drilling opera-
tions for rehabilitation of the site upon abandonment.

A reserve pit would be constructed to contain cuttings, drilling
fluids, and produced 1liquids and prevent them from entering the natural
drainage. The reserve pit was to be fenced to prevent entry of livestock or
wildlife.

After drilling operations, production equipment, line heater, sepa-
rator, pump, etc., would be installed on the site without any additional
land use. The reserve pit would be emptied and backfilled. Areas of
non-use would be restored and reseeded.

' It was expected that produced water from the wells would be of such
quality that it could be disposed of in an unlined pit or discharged into
the drainage. Produced water from the nearby Kaiser Mine, which is thought
to be of similar quality, 1is presently used to irrigate lawns, a golf
course, and farmland crops downstream from the mine.

Restoration and Rehabilitation. One of the considerations used in
selecting the sites for the demonstration project was that the facilities
could be installed in close proximity to the existing pipeline and adjacent
to existing access and man-made development. This would facilitate not only
economical construction but would also allow easy restoration of the sites.

After drilling operations were complete, the drill sites would be
cleared and cleaned and all sumps filled in. Areas of non-use would be

restored and reseeded.

Upon abandonment of the facilities, the sites would be graded to blend
with the adjacent contours and revegetated.

2.2.2 Well Drilling and Completion

Bureau of Mines Experience. In preparation for planning the well

drilling and completion procedures, a review was made of the available data
covering Bureau of Mines experiences in draining methane from coal. Since

-2.17-

21



22

SIGN DESIGNATING

TOP 50IL STOCKPILE
-

TO BE INSTALLED ~
THiS AREA SHOULD BE LEVELED 7 =
TO STACK DRILL PIPE,SET "FRAC 7 .
TANKS, TESTING SEPARATOR AND SRR
I 2 OTHER' EQUIPMENT. ( -
« \ /
£ o i N
u 5 N
S \ S RESERVE | TOP SOIL STOCKPILE
2 PIT l
a
1L =7
O . v
'] d "
TANKS O PIPE RACK
x| © © [ 4 q -
e
HE IS
HEE £33
{15l & & e
Iy =t

GARBAGE PIT
12'x20'x10' DEEP

GARBAGE

100’ 100'

GENERAL NOTES:

At sites where topsgil is
ond sfored on the adjacen!
when required.

present, same is © bs removed
tand for restoration of the site

Reserve pit and gorboge pit ore 0 be fenced ond unlined.

For well location profiles

see drowing aumber M-

Area for well location is 0.50 Acres.

Cuts are §:1, Fillp ore 2:1
REVISIONS MOUNTAIN FUEL
RESOURCES, INC,
NO. DESCRIPTION DATE BY SALT LAKE CiTY, UTAH

DEMONSTRATION

TYPICAL WELL SITE PLAN

FOR
PROJECT
METHANE RECOVERY

From UNMINABLE COALBEDS

DRAWN: | -13-78 GeB | SCALE: 1": 50

CHECKED:

| ORWG.

APPROVED:

-12838

Figure 7

-2.18-

“~ COVERED TO CONTAIN




1970, the Bureau of Mines has been involved in numerous methane drainage
projects. Data from projects in which over 40 wells were drilled have been
reviewed. Special attention was paid to the depth and interval of coal, the
completion techniques, the stimulation methods and rates, and the gas produc-
tion realized from these wells. Although much of the data reported is not
complete, a good overview of the Bureau of Mines experience was obtained.

A summary of the Bureau of Mines data and its sources is presented 1in
Table 4. From this data and communications with Bureau of Mines personnel,
open hole or slotted perforations appeared to be preferred completion
methods. These methods expose more coal surface to production and seem to
decrease the risk of screenouts in the well., Nitrogen/foam stimulation
techniques are preferred over water/gel methods. A comparison of stimula-
tion techniques shows that nitrogen/foam has a high sand-carrying capacity
and gives a better recovery of formation and stimulation fluids.

Tentative Drill Plan. A tentative drilling and completion plan was
developed based on Bureau of Mines experiences, the drilling experience of

Mountain Fuel Supply's petroleum engineers, and discussions from others with
hydraulic stimulation experience. The tentative plan was expanded and
finalized during Phase Il of the project. A summary of the plan is outlined
in Table 5. This table shows the location, depth, coal interval, completion
method, and stimulation method expected to be used.

It was planned that samples of cores obtained from the coalbeds would
be confined in airtight canisters as soon as possible after being removed
from the core barrel. It was planned that the UGMS would test these samples
for gas emissions using the same techniques developed in their work during

the past two years.

The above testing was considered to be a minimal though adequate effort
to support the demonstration project. To enhance the research aspects of
the project, however, an extensive laboratory testing program coupled with
computer-simulated production calculations would be completed. This effort
was to be carried out by the Institute of Gas Technology.
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Tentative Well Completion Plan. The tentative well completion plan,
was developed by Mountain Fuel petroleum engineers, during Phase I, and
further refined during Phase II. It 1is presented in the Phase II

discussion.

Procedures for the second and third demonstration wells were expected
to be changed to some extent based upon the experience gained from each
previous well. However, several changes were planned to allow a comparison
between different completion methods. The second well was to be cased to
total depth and perforated with a jet slotting technique instead of being
completed open hole. The third well would be completed open hole on the
bottom seam with perforations made into appropriate upper coal seams with

jet shots.

2.2.3 MWell Testing and Production. Several tests were to be
conducted at various stages of the project. These plans would be varied
according to the results of prior testing and the experience gained from

each demonstration well.

Many wells that have been drilled in this area of the Book Cliffs coal
field have released gas as the drilling work was being done. The first well
test was simply to remove all the water remaining in the well after drilling
and casing the well. This was to be done by blowing the water out with air.
If gas flow resulted, it would be monitored along with well pressures. If
no production resulted, the well would be tested for permeability using a
water injection test. This type of test has been used successfully during
Bureau of Mines methane recovery projects. 1In this test, clean water is
injected into the formation at a constant rate. The injection rate and
surface pressure are recorded with time, and a log plot 1is made of the
increase in pressure with time. Permeability is then calculated from the
pTot.

A prestimulation gas production test was aiso planned following the
dewatering of the well. Dewatering and maintaining the holes free from
water buildup has been most effectively accomplished by the Bureau of Mines

-2.22-



using sucker rod pumps. Sucker rod pumps were planned for this demonstra-
tion project. Submersible pumps were also tried by the Bureau of Mines, but
were not as effective due to sand fouling.

The time required for dewatering to the point where maximum gas flow
occurred has varied considerably. For example, a stimulated well drilled
into the Pittsburgh coalbed in Washington County, Pennsylvania, required
approximately four months to reach a maximum gas production of 35 Mcfd (9),
while one of the wells drilled into the Pittsburgh coalbed near Waynesburg,
Pennsylvania, produced in excess of 100 Mcfd one day following the stimula-
tion treatment, and continued production at more than 120 Mcfd for the next
seven weeks until a problem developed with the pump (10).

It was anticipated that, in general, dewatering of the coal surrounding
vertical boreholes into the Book Cliffs coalbed would require less time than
is required for the Pittsburgh or Mary Lee coalbeds since this coalbed is in
a region having a generally drier climate. The experience with horizontal
boreholes at the nearby Kaiser mine supports this idea. Pumps with a
substantially higher capacity than expected to be required were planned for
installation. The water from the demonstration wells was to be sampled and
then either collected in an unlined pit or discharged to the natural drain-
age, Water from the nearby Kaiser mine is of good enough quality to use for

irrigation, as discussed earlier.

It has been recognized by Bureau of Mines personnel and verified by
Intercomp production computer simulation that water production from a single
isolated well will be greater than production from a well located near other

wells.

A prestimulation gas production test of Well No. 1 was planned to cover
a period of four weeks. The same test on Wells No. 2 and No. 3 was sched-
uled from three to five months. These extended tests were to be conducted
while the stimulation and evaluation of the stimulation were in progress on
Well No. 1.

A long~term production test was planned following the stimulation at
each well. Both gas flow and water flow rates and pressures were to be

-2.23-
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metered and recorded. The gas was to be flared until stable production
rates were establisned and the facilities for injection into the commercial
natural gas 1ine completed at Wells No. 1 and No. 2.

2.2.4 Equipment Performance Specifications. Equipment perform-
ance specifications were defined for the project equipment based on the
design criteria known to date. Detailed design of most of the equipment
installation was completed during Phase Il of the project. The detailed
facility requirements for compressing, dehydrating, and injecting gas into
the commercial pipeline would be verified after stable production rates were
determined. Table 6 summarizes the performance specifications for the
project equipment. A1l equipment, wells, and piping would meet the require-
ments established by Mountain Fuel Supply in "Standard Practices of Mountain
Fuel Supply Company." The manufacturers and contractors used by Mountain
Fuel would be required to meet these standards in their contracts. Detailed
specifications would be prepared for receiving bids on the compressor and

dehydration units.

2.3 ECONOMIC ANALYSIS

2.3.1 Basis for Economic Analysis. An economic analysis was
compieted in March 1979 for an assumed commercial-scale methane recovery
project. Commercial gas production costs for methane gas from the Whitmore
Park area of the Book Cliffs coalbed were analyzed. A utiiity-financed cost
of service analysis was used to obtain production costs. The analysis used
current methods for calculating rate of return on invested capital, depreci-
ation, taxes, working capital, and operating and maintenance expenses. The

basis and assumptions used in this analysis are outlined in Table 7.

Capital cost estimates used in the economic analysis are based on a
commercial-scale project in which 55 wells would be drilled. The cost esti-
mates are based on recent gas well costs for wells drilled by Mountain Fuel
Supply at similar depths, from suppliers' quotes, and from cost comparisons
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‘EQUIPMENT
ITEM

Compressor

Dehydration
Unit

Piping

Valves

Meters

Pump

Wellhead

Casing

Tubing

TABLE 6

EQUIPMENT PERFORMANCE SPECIFICATIONS

PERFORMANCE CRITERIA

SIZE/TYPE

Approximately 300 Mcf/d gas,
Compress from 20-660 psig.

Dewater from 43 to 4 lb/MMcE,
Gas pressure - 660 psig.

Meets "Standard Practices of
Mountain Fuel Supply Company
requirements.

2-3/8 inch individual well
lines.

3-1/2 inch main line from
compressor.

1"

API Standards.

Water meter - 300 gph capacity.
Gas meter - 300 Mcf/Qd capacity.
Meters accurate to t+ 2%.
Sucker rod type - Capacity:

240 gph
Pump jack.
Gas engine.

3000 psi

Surface casing

Subsurface casing

Subsurface

-2.25-

Skid~mounted in metal building,
62 Hp, 2-~stage, reciprocating
with gas engine.

300 Mcf/d, Glycol-water type.

Low pressure -~ 20 psig before
COompressor.

High pressure - 660 psig after
compressor.

3000 psi rating on wellhead.

1000 psi rating on compressor
suction and all lines after
Compressor.

50 psi rating between wellhead
and compressor suction.

Positive displacement type,
Orifice or vortex meter.

1-1/4 inch.
7-M-25-67--30 Churchill
7 Hp BKND Wisconsin

10- by 6~inch Type "B" tubing
spool.

8-5/8 inch, K-55, 32 1b.,
8 round thread, ST&C;
4-1/2 inch, XK-55, 11.6 1b.,
8 round thread, ST&C.

2-3/8 inch, V-55, 4.7 1ib.,
8 EUE, Butt weld.
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TABLE 7
COST EVALUATION BASIS AND ASSUMPTIONS FOR BASE CASE ANALYSIS

Capital Investment Costs

Drainage wells - It is assumed that 55 methane drainage wells are drilled,
completed, and placed on production.

Capital cost estimates are based on actual gas production well costs drilled
by MFS at Lower Horse Draw (escalated for inflation), recent suppliers'
estimates, and cost comparisons with similar methane drainage projects.

Production equipment is sized for 5.5 MMcfd flow with compression required
from 20 psig to 660 psig.

Capital Expenses

Depreciation - Straight-line depreciation is taken on the plant investment.
Well investment is depreciated with units of production.

Working capital - cash is 45 days of annual operating and maintenance
expenses.

Working capital - materials and supplies is 2.7% of total capital invest-
ment.

Financing is assumed to be 50% debt, 50% equity.

Interest on debt is 10% of rate base debt.

Return on equity is 13.25% of rate base equity.

Tax rate for combined federal and state income taxes is assumed to be 47.67%.

Operating and Maintenance Expenses

Labor costs are based on the assumption of one operator per 18 wells and
one mechanic per 55 wells. The present wage rate is $8.92/manhour
for an operator and $10.45/manhour for a mechanic. Wages are assumed
to escalate at 7% per year. Labor overhead is 89.78%.

Repair materials costs are 5% of capital equipment costs per year for
compressors and dehydration units and 2% for production lines.

Fuel requirements were calculated to be 7.5% of gas produced.

Royalties are based on the escalating FERC regulated price of new gas.
Federal royalties are 12.5% of the regulated value, and Utah state

and county taxes are 8.5% of the requlated value.

Total Production Cost

Total gas production is assumed to decline 10% per year with a well Tife
of five years.
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made with similar Bureau of Mines methane drainage projects. The cost
estimates are conservative since it was anticipated that some reductions in
cost could be realized through the development of mass production techniques
suitable for construction of a large number of wells in a short period of
time. Table 8 gives the breakdown of capital costs for the assumed commer-
cial project.

2.3.2 Gas Production Costs. The base case cost of service
analysis assumed an initial production rate of 100 Mcfd per a coal interval
available for production of (24 feet). Production rates were assumed to
decline at 10 percent per year for 5 years. The short production life is
thought to also be conservative. Results from the cost of service analysis
are presented in Table 9. The cost of service analysis for the base case
assumptions results in a gas production cost of $3.31/Mcf. This compares
with the calculated average FERC regulated price of gas over the same 5-year
period of $3.27/Mcf.

Table 9 also shows the effect of variations 1in well productivity,
decline rate, well life, capital costs, escalation, cost of debt, and return
on equity. These variations resulted in production costs ranging from
$2.50/Mcf to $5.73/Mcf, with most costs being around $3.45/Mcf. The gas
production cost is most sensitive to variations in the assumed initial
production rates. Variations in the decline rate and capital costs also
affect the gas production cost, but not to as great a degree as the initial
production rate. Variations in the actual decline rate or actual capital
expenditures are not considered as likely to occur as a variation in the

initial production rate.

Royalty payouts used in the cost of service analysis are based on the
projected FERC price for new gas. Future prices were calculated based on
the most recent Natural Gas Pricing Regulations (11). Future prices reflect
cost increases due to inflation which has been projected by the Bank of
America for a 10~year period. The resulting average FERC prices for new gas
for a 5-year, 7-year, and 10-year period are $3.27/Mcf, $3.69/Mcf, and
$4.46/Mcf, respectively.

-2.27-
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TABLE 8

ESTIMATED CAPITAL COSTS FOR COMMERCIAL METHANE RECOVERY

Individual Well Costs

Materials:

Casing, 100 ft

2900 ft

Tubing, 2900 ft

Pumping Unit
Wellhead

Pipeline to lateral

TOTAL MATERIALS

Services:

Site preparation
Drilling, running casing

Logging

Cement, water, mud/air
Foam stimulation

Workover rig
Perforation

TOTAL SERVICES

Engr./Supr. Labor & OH
Contingency (10%)

TOTAL ESTIMATED COST PER WELL

TOTAL ESTIMATED COST FOR 55 WELLS

Production Equipment:

Compressors
Dehydration Units
Transmission Line

32

Cost

$755,000
62,000
103,000

$920,000

-2.28-

Production Capacity - 6MMcfd.

Cost

$ 1,000
10,600
5,000
4,500
4,000

10,900

$ 36,000

$ 4,000
46,500
3,800
10,200
52,000
7,200

4,500

$128,200
$ 3,000

16,400

$183,600

$10,098,000

Salvage Value Sa

$405,000
38,000
69,000

Net Salvage Value

Tvage Cost

$ 5,000
2,000
-0-

$505,000



Table 9
ECONOMIC ANALYSIS RESULTS SUMMARY

Input Variables Cost of Service Total Unit
Total Production Cost
$/Mcf
Base case input (Table 7) $25,826,690 $3.31
Variations:
Well decline rate @ 5% 27,069,580 3.06
Well decline rate @ 20% 23,677,610 3.90
Cost of debt @ 12% 26,096,400 3.34
Return to equity @ 15% 26,277,670 3.36
Escalation @ 12% 25,979,270 3.33
Well production @ 50 mcf/day 22,386,610 5.73
Well production @ 150 mcf/day 29,263,360 2.50
Capital cost increased 20% 29,372,700 3.76
Capital cost reduced 20% 22,280,700 2.85
Ten-year well 1ife 40,117,780 3.23
Seven-year well life 31,512,180 3.17

.29-
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The cost of service for a b-year well l1ife project is only slightly
higher than the FERC price ($3.31/Mcf vs. $3.27/Mcf). For projects with
well life of 7 and 10 years, the cost of service ($3.17/Mcf and $3.23/Mcf)
is substantially Tower than FERC prices over the same period ($3.60/Mcf and
$4.46/Mcf). This cost of service analysis shows that it continues to appear
attractive to develop this energy source for use in the near future.

2.4 SUBCONTRACTORS

2.4.1 1IGT Subcontract. A subcontract was negotiated with the
Institute of Gas Technology (IGT) which included providing technical support
for the design of the demonstration plan, analyzing data from previous
relevant well tests, providing input for the hydraulic stimulation design,
developing detailed procedures for data collection to meet computer simula-
tion model requirements, analyzing core samples, and interpreting data using
Intercomp computer simulation model. Summary reports of IGT's work are
given in Section 5.0.

IGT work during Phase I of the project reached sévera1 conclusions and
highlighted several areas requiring close attention in Phase II of the
project. These conclusions were: current Mountain Fuel Supply assumptions
for economic analysis may well be appropriate; proper core analysis and
field testing 1is essential prior to hydraulic stimulation; additional
computer simulation runs should be conducted to better understand key
production variables; and extensive effort should be put into the design of
each hydraulic fracture.

2.4.2 O0Other Subcontractors. In addition to the work contracted
to IGT, Mountain Fuel w2de plans to hire subcontractors in four major areas:
drilling, Tlogging, workover rig operations, and hydraulic stimulations.
Mountain Fuel routinely contracts these types of work in drilling and
completing production wells. Table 10 T1ists typical subcontractors who have
worked for Mountain Fuel in the western states. Specific contractors were
to be chosen prior to drilling, based on availability and Mountain Fuel's
most recent experience with contractors for a given job.
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TABLE 10

METHANE DRAINAGE SUBCONTRACTORS

DRILLING
VECO

2457 Industrial Building
Grand Junction, Colorado 81501

LOGGING
Dresser Atlas

Box 790
Rock Springs, Wyoming 82901

WORKOVER RIGS

Aztec Well Service
107 West 32nd
Farmington, New Mexico 87401

STIMULATION

Dowell
Box 920
Vernal, Utah 84078

-2.31-

Burton/Hawks Drilling
Box 359
Casper, Wyoming 82602

Schlumberger
Box 1335
Rock Springs, Wyoming 82901

Colorado Well Service, Inc.
Box 1006
Rangely, Colorado 81648

Halliburton
Box 339
Vernal, Utah 84078
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2.5 ENVIRONMENTAL ASSESSMENT

A preliminary environmental assessment was made for the three
demonstration well Tlocations. Final assessments and approvals were to be
obtained during Phase II of the project.

The Tocations for Wells No. 1 and No. 2 in the Whitmore Park area are
on land of private surface ownership. Surface use is provided for under the
existing gas lease. Although no federal approval of the environmental plan
was required, a detailed environmental assessment was made. This assessment
is similar to that required for federal approval as described below.

The site and access road for Well No. 3 in the Castlegate area are on
National Resource Lands under the jurisdiction of the Department of the
Interior. Approval before entry and drilling must be obtained from the
USGS. A1l plans must be in accordance with the National Environmental
Policy Act of 1969 and are to be conducted according to the requirements of
the USGS issue "Notice to Lessees (NTL) Number 6, Approval of Operations."

A series of procedures must be followed to obtain USGS approval for
the drilling of each well. Although this approval procedure is very
thorough and complete, it can be implemented efficiently. It is a procedure
that Mourtain fuel Suppiy Company successfully completes at least 40 times
per year. Due to this exposure, Mountain Fuel personnel are highly skilled
at conducting operations that constitute the least amount of environmental
impact possible.

It was necessary to obtain a Permit to Drill from the State of Utah
Department of Natural Resources, 0il, Gas and Mining Division, for all three
wells. The tentative drilling and completion plans were reviewed by that
departmert during Phase I and were found to meet minimum State Planning
requirements.
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3.0 WORK COMPLETED DURING PHASE II

During Phase II of this project all analyses for the preparation of
flow sheets, site layout plans, safety plans, and data collection and
analysis plans were completed. The results of this effort include the
following:

1. Final set of flow sheets for methane collection and end use system
(including instrumentation to be utilized for monitoring system).

2. Plan views showing site and equipment installation (maps and
aerial photographs of site prior to site preparation initiation).

3. Complete schedules for the performance of Phase III.

4, Detailed environmental plan including reclamation for any sites
damaged during site preparation.

5. Detailed data acquisition and analysis procedures.

6. Detailed procedures and analysis of proposed operations to include
plan for operations.

7. Detailed equipment delivery schedules.

8. Updated detailed cost of Phase III (equipment, site preparation,
maintenance operation, and other applicable costs).

3.1 DEMONSTRATION WELL SITES

3.1.1 Final Site Selection. The general locations of the methane

recovery wells were selected during Phase I of the project. The exact
locations were surveyed and staked during Phase II of the project. The
sites are as planned during Phase I with the exception of the No. 3 well
location in Mathis Canyon. The site for this well was moved approximately
1800 feet further down Mathis Canyon than the location described previously.
This change was made to minimize the amount of excavation required to
prepare a drilling site in this narrow canyon. The locations for each of
the three demonstration wells are listed in Table 11 below.
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TABLE 11
DEMONSTRATION WELL SITES - FINAL LOCATIONS

Well Area Township/Range Section Location
Well No. 1 Whitmore Park T.12S/R.12E 34 532' FNL*
Carbon Co., Utah 1701 FEL
Well No. 2 Whitmore Park T.12S/R.12E 34 1756 FNL
Carbon Co., Utah 2250" FWL
Well No. 3 Castlegate T.12S/R.10E 21 246" FEL
Carbon Co., Utah 1872" FSL

*FNL - From North Line

3.1.2 Stratigraphic Cross Sections. A detailed evaluation of the

geologic and stratigraphic characteristics of each well location has been
completed. The stratigraphic cross section derived from well data in the
Whitmore Park area is shown in Figure 8. Data from the Paul Walton Well and
Core Holes 3-1 and 11-1 were used to prepare the cross-sectional view of the
Whitmore Park well sites shown in this figure. The core hole data were
ocbtained from Pacific Gas and Electric Company.

The cross section is aligned in a northwest-southeast direction, as
shown on the area map presented in Figure 9. This figure shows the rela-
tionship of the reference wells to the demonstration well sites. The actual
locations for demonstration wells No. 1 and No. 2 are 5500 feet and 3000
feet, respectively, northeast of this cross-sectional plane. The coal is
deeper north of the plane since the coal-bearing Blackhawk Formation dips in
a northerly direction. This incline was accounted for in estimating the
coal depth at these two Tlocations. Three major coal seams were expected to
be encountered in the Whitmore Park wells: the Lower Sunnyside; Rock
Canyon; and Gilson coal seams. The top coalbed (Lower Sunnyside coal) was
estimated to be at a depth of 2890 feet at well site Mo. 1, and 2660 feet at
well site No. 2. The Sunnyside and Rock Canyon coals were expected to be
from 4 to 6 feet thick at these locations. The Gilson coal was expected to
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PAUL WALTON WELL
SW SW Sec. 28, T.I2S.,,RI2E.

PROPOSED DRILL SITES
NE NE Sec. 34, T.12S. R.I2E

2780

Lower Sunnyside

2820

2840

2860

2920

2980

Rock Canyon

CORE HOLE 3-1
SW Sec.3,TI3S,RI2E.

2120
Coal

2140

2160

2180

2200

W

2220

L

2260

2280

i

oo

Fish Creek
Gilson

Kenniiworth

Coals

2340

2360

1.0

STRATIGRAPHIC CROSS-SECTION

COAL BEARING BLACKHAWK FORMATION
WHITMORE PARK AREA,CARBON COUNTY, UTAH

Figure 8
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CORE HOLE {!1-1
NW Sec. 1 1, T.13S.,RI2E.
2150
2180
2200
iR 2220
(-_- 2240
i:ﬂ 2260
) }E'_ 2280
=
2300
2320
2340
Eé 2360
= 0.
PALUDAL
SANDSTONE
SHALE
SILTY SAND
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to be 15 to 20 feet thick. The total depths of these two wells were pro-
jected to be 3200 and 2965 feet, respectively.

The location of Well No. 3 in Mathis Canyon of the Castlegate area was
to be 1less than 4000 feet from an abandoned well drilled by Carter 0il
Company. The Tlocation of the Carter well relative to demonstration well
No. 3 is shown in Figure 10. The geologic structure of the No. 3 well will
be very similar to the structure found at the Carter well, which is shown in
Figure 11. Over 130 feet of coal was encountered in the Carter well. The
coal 1is found in at least 9 seams spread over an 800-foot interval which
includes Sunnyside, Kenilworth, Aberdeen, Spring Canyon, and Star Point
Formations. Four large seams 19 to 26 feet exist. Other seams range from 5
to 13 feet. Production tests from several of these seams were planned.
Core data obtained when this demonstration well was drilled would help
determine which of these seams would be perforated and stimulated for these

tests.

3.1.3 Site Preparation and Plans. After surveying each well, the

preparation of the site plans for each location was completed. This
included staking of a site boundary which was approximately 275 feet by 110
feet for the Whitmore Park Wells No. 1 and No. 2. The drilling location for
the No. 3 Mathis Canyon well was slightly smaller due to restrictions in the
narrow canyon. This drill site was approximately 200 by 105 feet, narrowing
to 70 feet. Area location maps for the sites are shown in Figures 12 and
15. Plats of the well site plans for these three wells are shown in Figures
13, 14, and 16. Figure 17 shows the excavation work required to prepare the

Mathis Canyon drill site.

Plans for both surface and subsurface protection were developed for
each demonstration well site. The 10-Point Subsurface Protection Plan and
the 13-Point Surface Use Protection Plan were filed with the USGS as part of
the Application for Permit to Drill (APD) for the No. 3 well, which was to
be located on federal land in Mathis Canyon of the Castlegate area. Similar
plans were made for the No. 1 and No. 2 well sites which were located on fee
land in the Whitmore Park area. Copies of the plans submitted to the USGS
are included in the Appendix.
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3.1.4 Access to Sites. The demonstration facilities for No. 1
and No. 2 wells are adjacent to Mountain Fuel Supply's transmission line
No. 40 in the Whitmore Park area. Access to this location is from County
Road US-7, which is a graded gravel road close to the pipeline right of way.
From this county road, a small access road was constructed to give access to
the two locations. Because of the gentle terrain, this access road was
easily constructed. The construction of the road followed the plans out-
lined as part of the 13-Point Surface Use Protection Plan. The exact
location of this access road is shown in Figure 18,

Access to the Mathis Canyon well location is via Utah State Highway 33
and an existing graded dirt road which passes next to the well site. A
construction ramp from the existing dirt road to the drill site was the only

necessary road construction.

3.1.5 Environmental Assessment. In addition to the environmental
impact work normally done as part of the permitting process, a more detailed
analysis of the environmental impacts of this project, as required by DOE,
was completed. This environmental assessment was completed during June 1979
and transmitted to DOE for approval. The assessment included:

1. A general description of the project and its objectives;
A description of the physical, biotic, and human environments;
An assessment of the potential impacts on these environments;

2

3

4. A discussion of adverse environmental impacts;

5 A discussion of irreversiblie environmental impacts;
6

A discussion of interaction with other plans for the area and a
list of permits required; and

7. A discussion of alternatives to the project.
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3.2 PERMIT ARRANGEMENTS

3.2.1 Leases and Rights of Way. Mountain Fuel Supply holds oil
and gas Tleases on much of northwestern section of the Book Cliffs coal
field. Union 0i1 Company and Marathon 0i1 Company also hold gas and oil
leases in this area. Demonstration wells No. 1 and No. 2 are located on fee
land owned by the George C. Whitmore Company. The 0il and gas lease on this
property is currently held by Marathon 0i1 Company. Marathon and Mountain
Fuel Supply have a farmout agreement covering drilling and methane
production during this project under the Marathon lease. Coal rights for
the Whitmore Park Tlocations are held by the fee owner, and Mountain Fuel
negotiated a formal agreement to disturb this coal and recover gas from the
coal under the Marathon oil and gas lease.

The o011 and gas Tease for the Tocation of the No. 3 well in Mathis
Canyon is held by Mountain Fuel Supply Company. The coal at the No. 3 well
location is unleased federal coal. A request was made to the Department of
the Interior to approve disturbing this coal in order to recover the gas
contained in it under the existing oil and gas lease.

Right of way agreements for the demonstration well sites and access
roads for all three locations were negotiated in Phase II. The right of way
agreement for tne locations and access road to the Whitmore Park Wells No. 1
and No. 2 was negotiated with the George C. Whitmore Company. The right of
way agreement to use the existing access road through Mathis Canyon, as well
as for the No. 3 well site, was negotiated with Security Title Company which

holds a lease on the surface land.

3.2.2 Drilling and Completion Permits. Permits to drill these
demonstration wells fall into two categories. The State of Utah requires
and issues permits for the drilling and completion of all wells within the
state. In addition to the state requirements, a permit must be obtained
from the USGS for wells drilled on federal land. Applications for Permits
to Drill (APD's) were filed with the State of Utah for all three locations.
The state issued drilling permits for each of these locations. In addition,
because the No. 3 Mathis Canyon well is located on federal land, an APD was
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filed with the USGS. The drilling plan and Tlocation of this well were
reviewed by the USGS. Final approval to hydraulically stimulate this well
was denied in the early stages of the Phase III work. After a lengthy
delay, the location of the third demonstration well had to be changed.
Details are explained in the Phase III portion of this report.

3.3 WELL CONSTRUCTION PLANNING

3.3.1 Drilling Plan. Mountain Fuel's petroleum engineers final-
jzed a drilling plan for the No. 1 well in Whitmore Park. This well is
representative of the plans for all three wells. Minor deviations in the
drilling of the second and third wells were anticipated as experience was
gained through drilling of the first well. This drilling plan is outlined
as follows:

1. Move in and rig up a contract rotary drilling rig which has the
flexibility of quick-conversion air or mud drilling. Note: The
rig must be capable of drilling a 7 7/8-inch hole to 3200 feet.

2. Using air, drill an 1ll-inch hole to a depth of 200 feet KBM.
Note: For safety, all air and return lines must be adequately

staked.

3. Run ind cement approximately 200 feet of 8 5/8-inch 0.D., 32-
pound, K-55, 8 round thread, ST&C casing. The casing will be
cemented with 100 sacks of regular cement, which represents
theoretical requirements plus 100 percent excess for 8 5/8=-inch
0.D. casing in an 1ll-inch hole. The cement will be treated with
470 pounds of Dowell D-43A or 3 percent calcium chloride and 1/4
pound flocele per sack of cement. An 8 5/8-inch 0.D. Baker guide
shoe will be used on the bottom of the casing. The top and bottom
of all casing collars will be spot-welded in the field and the
guide shoe will be spot-welded to the shoe joint on the casing
rack. The bottom of the casing should be landed in such a manner
that the top of the 10-inch 3000 psi casing flange 1is approxi-
mately at ground level. A cellar 3 feet deep will be required.
Pump 40 barrels of drilling mud prior to beginning cementing
operations. Capacity of the 8 5/8-inch 0.D., 32-pound casing and
the 8 5/8-inch 0.D. by 11-inch annulus is 22 barreils.

4. After a WOC time of 6 hours, wash off the collar at the bottom of
the Tlanding Jjoint. Install a NSCo. Type B, 10-inch 3000 psi
regular duty casing flange tapped for 8 5/8-inch 0.D., 8 round
thread casing. Install a 2-inch XH nipple 6 inches long and a WKM
Figure B138 (2000 psi WOG, 4000 psi test) valve on one side outlet
of the casing figure and a 2-inch XH bull plug in the other side.
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10.
11.

Install a 10-inch 3000 psi double-gate blowout preventer with pipe
rams in the bottom and blind rams in the top. Install a 10-inch
3000 psi rotating preventer and finish nippling up to drill out
with air. After a WOC time of 12 hours, pressure-test surface
casing and all preventers to 1000 psi for 15 minutes using rig
pump and water. The internal pressure rating of new 8 5/8-inch
0.D., 32-pound, K-55, 8 round thread, ST&C casing is 3930 psi.

Using air, blow water out of 8 5/8-inch 0.D. casing. Drill a
7 7/8-inch hole with air to the top of the Lower Sunnyside coal
seani or as indicated by the Geological Department. If air
drilling is not feasible, a gel-water base mud system will be
used. Samples will be caught at 30-foot intervals or at the
discretion of the wellsite geologist.

Formation Tops: Formation Depth Sea Level Datum
Lower Sunnyside 2890 + 4510
Rock Canyon 3060 + 4340
Fish Creek 3080 + 4320
Gilson 3098 + 4302
Kenilworth 3143 + 4257

Trip out of hole. Pick up a 7 7/8-inch diamond bit and a 5 3/4-
jnch core barrel and core approximately 160 feet of coal seams
over the next 260 feet. Pull out of hole and lay down the core
barrel and diamond bit.

Trip in hole and drill 7 7/8-inch hole to 50 feet below the bottom
of the Gilson coal seam,

Rig up logging truck and run DIL, Sonic, Density, and Gamma Ray-
Neutron logs to determine characteristics of coal and surrounding
formations above and below coal seams as indicated by the Research
Department.

Enter hole with 7 7/8-inch bit and drill pipe. Pull bit, laying
down drill pipe and drill collars.

Conduct water injection tests and mini-fracture tests (see below).

Run 5 1/2-inch 0.D., 15.5-pound, K-55, 8 round thread casing to 5
feet above the top of the Giison coal seam. A Halliburton forma-
tion packer shoe will be run on bottom of casing as floating
equipment. Weld top and bottom of first 4 joints of casing and
guide shoe. Pump 100 barrels of mud prior to cementing. Cement
casing and well to 500 feet above the top of the Gilson seam with
regular cement treated with 2 percent by weight of calcium
chloride. Actual cement volumes will be caiculated from caliper
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12.

13.

14.

15.

16.

17.

18.
19.

logs. Displace cement with water. Note: Cement should be as
lightweight as possible.

Immediately after cementing operations are completed, land 5 1/2-
inch 0.D. casing with the full dindicator weight on the slTips in
the 10-inch 3000 psi casing flange. Install a 10-inch 3000 psi by
6-inch 3000 psi Type B tubing spool. Pressure-test secondary
seals and packing to 2000 psig for 5 minutes. Minimum collapse
pressure for 5 1/2-inch 0.D., 15.5-pound, K-55 casing is 4040 psi.

Install double-gate BOP with 2 7/8-inch pipe rams in top and blind
rams in bottom and nipple up to drill out with air.

Rig up wireline unit and run cement bond Tog from PBD to top of
cement.

After a WOC time of 20 hours, pressure-test casing and preventers
to 2000 psi for 15 minutes using water and a pump truck. The
minimum internal pressure rating for the 5 1/2-inch 0.D., 15.5-
pound, K-55 casing is 4810 psi and the wellhead is 3000 psi WOG
and 6000 psi test. ‘

Run in hole with 4 3/4-inch bit and 2 7/8-inch drill pipe. Use
air from driiling rig to blow water out of wellbore. Using air,
drill out guide shoe.

Flow well using rig air to clean out water. After water has been
removed from wellbore, stop air injection. Monitor gas production
by measuring flow through positive displacement gas meter with
chart recorder. Use echometer to monitor water Tevel and water
influx into the wellbore. Repeat procedure by using rig air to
clean out water again, stopping air injection, and monitoring
production.

Kill well with water.

Pull bit, laying down drill pipe and drill callars. Release rig.

The samples of cores obtained from the coalbeds were confined in

airtight canisters as soon as possible after being removed from the core

barrel.

These samples were tested by the Utah Geological and Mineral Survey

(UGMS) for gas emissions using the standardized procedures developed by the
U.S. Bureau of Mines. A duplicate analysis of these core samples for
selected cores was completed by IGT. In addition, measurement of other

critical coal properties was planned to be carried out by IGT.
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3.3.2 In-Situ Stress and Permeability Tests. As mentioned in the

drilling plan above, water injection and mini-fracturing tests were planned
during the process of drilling. The results of this testing gave important
insight into the characteristics of coal in this area.

Water injection tests were planned to determine in-situ permeabilities
of the coal to water. This type of measurement has not been made for coals
in this part of the country. It was planned that measurements of both
relative permeability to gas and water and permeability to water would be
measured in the Taboratory. These laboratory measurements could then be
compared with the field measurement of in-situ permeability to water. It
was hoped that a correlation could be derived between the field measurements
and the 1laboratory measurements. Such a correlation would prove to be
valuable, since the field-measured permeabilities more accurately measure
the effects of coal compressibi]ify and natural fractures than the Tlabora-
tory data.

The purpose of the mini-fracturing testing was to determine the rela-
tive 1in-situ stresses in the coal and surrounding strata. This would
indicate whether a hydraulic stimulation was likely to propagate a fracture
into the coalbed or whether propagation outside of the coalbed was likely to
occur. Extensive experimentation by Sandia Laboratories indicates that a
fracture will propagate in the direction of the least principal stress, and
not necessarily in the rock or formation which has the least strength. The
mini-fracture tests were scheduled prior to placing casing in the well. The
tests consisted of isolating a narrow zone using retrievable packers and
pumping water into this zone. Water injection was planned at a rate between
1 and 5 BPM. Injection pressures would be monitored and the pressure
recorded corresponding to initial breakdown of the formation. This sequence
of testing was to be carried out in the strata above and below the upper and
lTower coal seams, and in each coal seam itself. The initial breakdown
pressure for the coal zone and the surrounding strata would then be compared
to determine 1in which of these zones the hydraulic stimulation could be
expected to propagate.

If air drilling was completed as planned, the water injection and

mini-fracture testing would proceed as follows:
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10.
11.
12.

13.
14.
15.
16.

Run 2 3/8-inch tubing with Lynes packers spaced approximately 5
feet apart and with Amerada pressure recorder with 3000 psi range
and 36-hour clock installed below bottom packer. Tubing is closed
on bottom with perforations between packers.

Set top packer 20 feet below bottom of Gilson coal seam.
Rig up a Halliburton cement pumper, 2-inch turbine flow meter, and
frac-van quality pressure recording equipment for both tubing and

annulus. Install bypass line, with chemical injection pump in
parallel with pumper truck.

Circulate water to displace all air and gas from tubing and
annulus, '

Stop water circulation, set upper packer, and monitor water level
in tubing and annulus for 15 minutes with echometer.

Conduct mini-fracture on zone below Gilson coal with cement
pumper, starting at 1 BPM and increasing pumping rate at 5-minute
intervals until break in pressure curve 1is evident. Release
pressure on tubing and move packers to center of Gilson coal seam.
Set bottom packer in Gilson coal seam.

Repeat step 5.

Pump water through tubing intoc the Gilson coalbed with chemical
injection pump at constant rate of 1 BPD, recording injection
pressure. Plot injection versus log time, continuing injection
until pressure increase becomes linear or until pressure
stabilizes.

Stop water injection and record pressure decline.

Repeat water injection procedure at rates of 2 BPD and 5 BPD.

Repeat step 6, then move packers to 10 feet above Gilson
coal seam.

Set bottom packer.
Repeat steps 4 through 6.
Release pressure on tubing.

Pull tubing string and examine downhole pressure recorder to
determine whether bottom packer seated sufficiently.
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3.3.3 Prestimulation Completion Plan. An open hole completion
was planned at the No. 1 well in Whitmore Park. Open hole completions have
been demonstrated successfully at the U.S. Steel project in Alabama and the
Emerald Mine project in Pennsylvania. This method of completion is pre-
ferred because higher gas production rates have resuited. Wells No. 2 and
No. 3 were to be completed by casing the hole and perforating by cutting
sTots through the casing into the coal zones. A well completion plan for
the Whitmore Park No. 1 well is given below. The completion plans for the
second and third wells vary only slightly from the completion plan for the
No. 1 well presented here. This plan is as follows:

1. Move in and rig up contract workover rig.
2. Install 2 3/8-inch pipe rams in top of double-gate BOP's.

3. Pick up Halliburton Hydrojet tool for 5 1/2-inch casing and run in
hole on 2 3/8-inch 0.D., 4.7-pound, J-55, 8 round thread, EUE
tubing.

4. Rig up Halliburton pump truck and cut a 5-foot notch in the center
of the Gilson coal seam. Depths are to be determined from open
hole logs. Release pump truck.

5. Pull out of hole, standing tubing 1in derrick and laying down
Hall<burton Hydrojet tool. .

6. Pick up 4 3/4-inch bit and run in hole on 2 3/8-inch 0.D. tubing.
Clean out to total depth of well.

7. Pull out of hole, standing tubing 1in derrick and laying down
4 3/4-inch bit.

8. Rig up gas line from main line tap. Use gas to blow water from
well and then monitor gas and water production as in step 7 of
drilling plan.

9. Pick up perforated joint of 2 3/8-inch seating nipple and Sperry-
Sun downhole pressure chamber assembly and run 1in hole on
2 3/8-inch 0.D., 4.7-pound, J-55, 8 round thread, EUE tubing.
Land tubing 50 feet below bottom of Gilson coal seam on an H-1
tubing hanger. Note: It will be necessary to strap 3/3Z2-inch
tubing to the outside of 2 3/8-inch 0.D. tubing. Hanger must be
tapped to accept 3/32-inch tubing fitting on top and bottom.

10, Install 2-inch full opening valve in top of hanger and remove
BOP's.

-3.22-



11, Pick up 1 1/2-inch pump and run in hole on 3/4-inch rods. Space
out rods, install polish rod and install stuffing box.

12. Release workover rig.

13. Install pumping unit capable of pumping 200 BWPD from approxi-
mately 3100 feet.

14. Hook up test facilities and run production test.

15. Rig up contract workover rig.

16. Kill well, using water.

17. With well dead, remove upper wellhead, pull rod and pump, and
install hydraulic double-gate BOP's with blind rams in bottom and
2 3/8-inch pipe rams in top.

18. Pull 2 3/8-inch tubing, standing same in derrick and laying down
Sperry-Sun downhole pressure chamber assembly.

19. Run in hole open-ended with 2 3/8-inch tubing and land tubing just
above Gilson coal seam.

3.3.4 Stimulation Plan. An extensive review was made by IGT and

Mountain Fuel Supply personnel covering the key aspects of successful and
unsuccessful methane recovery projects. Some computer modeling work was
also done using the Intercomp production model, and some important observa-
tions were reached. It was concluded that the key to successful methane
recovery is the hydraulic stimulation. A computer comparison of wells with
short frac lengths versus longer frac lengths has shown that even over
extended periods less methane will be recovered from a well with a short
frac length than from one with a longer frac length. Because of the failure
of most methane recovery projects to achieve frac lengths that equal the
designed lengths, considerable emphasis was placed on obtaining improved
laboratory and field data which would focus on improving the hydraulic
stimulation design input.

IGT's review of experiences during prior methane recovery projects with
emphasis on hydraulic fracturing of the coal seams supported the widespread
feeling that foam fracturing generally results in greater gas production
rates than other types of fracturing. The IGT review did not reveal a
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complete understanding of the reasons for this difference. Theoretically,
foam fracturing has the advantages over other fluids of low fluid loss and
being an ideal fluid for transport of proppant. However, it appears that
foam fractures into coal have not been as effective as might be expected.
Typically, excessively wide fractures have been observed near the wellbore
in several instances where the wells have been mined out. IGT hypothesized
that the wide fracture widths which have been observed can be the result
only of very high fluid losses, the fluid loss resulting in a large quantity
of proppant sand being deposited near the wellbore.

In several mineback situations the lack of proppant sand in the butt
cleats intersecting the propped face cleat has been observed. It is there-
fore hypothesized that the apparent high fluid loss is due to a breakdown of
the foam such that the gelled water and entrained sand remain in the
fracture in the face cleat direction while the majority of the nitrogen
Teaks into the butt cleat system. A coupie of observations which tend to
support this hypothesis are as follows: Some observed foam fracs have been
accompanied by an appearance of nitrogen at an observation well nearby
during the stimulation operation. If Targe changes in the bottom hole treat
pressure occur during a stimulation, breakdown of the foam will occur.

Because of the concerns and the observations mentioned above, special
consideration was given to possible methods of preventing excessive fracture
widths near the wellbore and the shortening of the fracture Tength. A need
was seen to more accurately measure the bottom hole treating pressure during
stimulation. It was planned that this would be accomplished by injecting a
stream of nitrogen gas down the tubing while the remainder of the fracing
fluid is being injected down the annulus in the wellbore. In addition, a
gamma-ray device would monitor the densities of both the sand-laden liquid
stream prior to adding the nitrogen and the foamed mixture following nitro-
gen addition. This permits more accurate control of the foam quality. In
addition, extensive efforts were planned to collect both field and labora-
tory data which are pertinent to designing a hydraulic stimulation. Some of
these critical data include permeability and porosity measurements, the
elastic modulus, and fluid Toss coefficients of the coal, as well as other

parameters.
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A moderate injection rate of approximately 20 BPM is planned for the
Whitmore Park Well No. 1. IGT suggested that stimulation of the second or
third wells should be at a higher pumping rate. Dowell personnel also
suggested that higher pumping rates into coalbeds may give better results.

After a review of all of the previously discussed information, it was
concluded that a nitrogen/foam stimulation equal to the Targest previously
used for coal seams should be attempted. A 50,000-gallon foam stimulation
using 62,000 pounds of sand was selected for the first stimulation. Details
of the stimulation design for Whitmore Park Well No. 1 are outlined in
Table 12. Minor modifications were expected for the stimulations for Wells
No. 2 and No. 3, based upon experience gained from the stimulation of Well
No. 1.

3.4 GAS PRODUCTION PLAN

3.4.1 Production Modeling. In order to better understand some of

the important properties in a methane recovery project, the computer produc-
tion model developed by Intercomp Company was used to predict gas production.
Different parameters were input into the computer model and a comparison was
made between the input parameters. It was obvious from the early stages of
this effort tnat a definite inadequacy of input data existed for coal
characteristics for the coals in this part of the country. As mentioned
previously, the testing and laboratory phases of this project were geared
towards greatly improving the knowledge of coal characteristics for these
specific locations. Because of the inadequacy of the input data into the
computer model, accurate production predictions were not possible. However,
the computer model does offer some valuable insight into the effects of
different coal characteristics.

The modeling work did show the effect on predicted production rates of
such parameters as water removal rates, fracture Tengths, well spacing, and

coal permeability and porosity.
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Detajls of the modeling work accomplished by IGT are presented in the
IGT Phase II Summary Report given in Section 5.0. Some of the major results

obtained from this effort are outlined below:

1.

Well spacing is an important parameter in the development of a
methane drainage field. For example, three times more gas is
produced from a well in an 80-acre spacing over a 20-year period
as will be produced from a single well Tlocated in a very large
reservoir. This is the result of removing sufficient water from
the drainage area to decrease reservoir pressure, thereby permit-
ting the desorption of a larger portion of the original adsorbed
gas. However, it should be noted that for both spacing cases, the
substantial difference in gas production was not observed until
after two years.

It has been found that the shape of the relative permeability
curve for two-phase flow through natural cleats and fractures in
the coal seam is a very important factor on the gas production
rate and on the ratio of produced gas to produced water. These
factors may have an impact not only on the total gas being pro-
duced, but also upon the need for water pumping facilities in
ordzr to produce the gas. To illustrate this, the ratio of gas
production to water production increases with time for a well in
an 80-acre spacing plan. In contrast, if the well is an isolated
well, the ratio is reduced with time. The result is that pumping
may not always be necessary in an 80-acre field but it will always
be necessary for an isolated well in a large reservoir.

The use of the computer model to predict long-range production
will be valuable to make modifications to the operating and
testing plan. Several computer runs were made in which peak gas
production rates were not seen for a considerable period of time
because of low water removal rates or because of low permeability
of the coal. If a testing program were not sufficiently Tlong,
peak production rates may not be observed. This points out the

-3.29-
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importance of appropriate input data for the computer model to
predict peak production and make any necessary adjustments to the
testing program.

3.4.2 Gathering System Design. Detailed design of the gas
gathering system was completed during Phase II of the project. A schematic
of this system is present in Figure 19. The system is very similar to other
gas field recovery systems designed by Mountain Fuel Supply. It utilizes
gas from the main transmission line as fuel for the pumps and compressor and
to pressurize the control systems. Typical safety and shut-down systems are
provided to protect the equipment. The compressor suction pressure is

controlled by a recycle valve.

It should be noted that the production facilities for all three demon-
stration wells are the same. Figure 20 shows the field layout for these
production facilities. This equipment consists of a sucker rod pump for
water removal, separate lines for gas and water production, appropriate
meters, an entrained water separator on the gas stream, a back-pressure
control regulator, and a vent to the atmosphere equipped with a flame
arrestor. These facilities were utilized from the beginning of the project.
If sufficient quantities of gas are produced, the compression, filtration,
and dehydration portions of the system will be added to the wells in the
Whitmore Park area.

An important part of producing gas in this system is the need for water
removal. Several methods were examined for water removal. The best service
appeared to result through using sucker rod pumps. This type of pump was
believed to be more reliable than downhole pumps, based on prior methane
recovery projects. A sucker rod pump with the capacity to remove 200 BPD of
water from a depth of 3100 feet was planned for the Whitmore Park No. 1
well. Similar pumps were planned for the second and third wells, but
ordering of these pumps was scheduled after preliminary water production
data had been obtained. The 200 BPD capacity was selected after conferring
with several people who have had experience in methane production from
western coal seams.

-3.30~
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3.4.3 Equipment Specifications. Detailed equipment specifica-

tions were developed in Phase II for the aboveground production and metering
facilities. Specifications for the compressor and dehydration unit are
presented in the Appendix. Each specification gives quality requirements
for the controls and working systems. Bids for these major pieces of equip-
ment as well as for the other aboveground equipment were received from
manufacturers and suppliers, and selection of vendors for the wellsite
equipment was completed. Selection of suppliers for the filter separators,
compressor and dehydration unit was postponed until actual gas production
rates were defined. A list of facility equipment requirements is given in
the Appendix. This 1ist shows the size, type, or quality of each piece of
equipment that is required.

Concern was expressed by experienced personnel 1in Mountain Fuel's
drilling department over the advisability of conducting tests and operating
experimental facilities during the winter months. It is well known that
drilling and operating costs can escalate very rapidly in the type of severe
winter environment that exists in this area. Because of these concerns, it
was planned that the prestimulation production tests on the Whitmore Park
No. 1 well be extended only until severe weather hampered this operation.
Stimulation of this well and the other wells would then be accomplished in
the early spring during better weather conditions. However, production
facilities were designed to allow future production to continue through the
winter seasons.

Use of two idle Mountain Fuel sucker rod pumps was evaluated. However,
it was found that these pumps would most Tikely not provide sufficient
pumping capacity for this application. In addition, these pumps are quite
old and would require extensive renovation. Therefore, a decision was made
to purchase a new 200 BPD capacity pump which would give both the estimated
capacity required as well as reliable service.

As can be seen from Figure 20, a water separator was designed for the
gas production stream on each well. The purpose of this separator is to
remove any entrained water found with the gas produced. This separator was
sized to best handle this entrained water as well as being able to knock out
some of the particulate matter which may be carried with the gas stream.

-3.32-
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The removal of particulate matter 1is important as additional protection
against carrying this material into the compressor and eventually causing
damage to the compressor.

3.5 TESTING OPERATIONS AND DATA COLLECTION

One of the most important aspects of the methane recovery from coalbeds
project is the collection of data that will provide a better understanding
of this technology and enhance gas production from this source. An effort
was made to obtain and record all important data pertinent to various phases
of the project. Major emphasis for data collection was directed towards
understanding coal characteristics, designing the hydraulic stimulation,
increasing gas production, and providing input for a long-range production
model.

3.5.1 Testing. A comprehensive 1ist of the tests planned during
this project is given in Table 13. Field tests planned for the Whitmore
Park Well No. 1 include: mini-fracturing, water injection for permeability,
water and gas influx testing, initial static water Tevel, prestimulation and
poststimulation water and gas rates, and long-term water and gas production.
After completion of the tests on the No. 1 well, the experience gained was
used to determine which tests were appropriate for the subsequent wells. It
was not deemed beneficial to conduct mini-fracturing and water injection
testing on the second and third wells. The other tests for gas production
were conducted for all three wells.

Measurements of the influx rates of both gas and water into the well-
bore were scheduled immediately following the drilling of the first well.
These measurements give an early indication of the capacity requirement for
the water removal equipment and the gas handling equipment. Measurements of
the water level in the wellbore were taken using an echometer after removing
water in the wellbore using the drilling rig compressed air.

Both shorter-term prestimulation production tests and long-term produc-
tion tests were planned for all three demonstration wells. Based on the
recommendations of knowledgeable personnel, a decision was made to extend
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TABLE 13

PRODUCTION AND OPERATION TESTING

Testing

Preproduction Tests

1.
2.

In-situ permeability to water

In-situ stress in vicinity of
coalbed

Prestimulation gas and water
production

Stimulation fluid flowback
volumes

Production Tests

1.

Long-term gas production
Long-term water production
Different size hydraulic

stimulation

Individual coal zone
production

Effect of varjations in
well bottom hole pressure
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Test Method

Water injection testing
Mini-fracturing
Continuous metering and
recording

Meter at flowback tank

Continuous metering
and recording

Continuous metering
and recording

Comparison of Well No. 1
vs. No. 2

Production logs: temperature,
noise, radioactive gas

Vary compressor suction
pressure
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the initial prestimulation tests over a 3-month period. It was recommended
that this prestimulation test be of sufficient duration to achieve stabil-
ized gas production rates. The hydraulic stimulations were planned for the
early spring of 1980. Following the stimulation, long-term gas and water
production rates were monitored as previously planned.

It was planned that the size of.%he hydraulic stimulation treatments be
varied between Wells No. 1 and No. 2. This would allow a comparison of the
treatment size between these two wells to help understand what size of
treatment is most economical compared to the amount of gas produced.

Tests to show the effect on gas production of variations in wellbore
pressure were also planned. Gas production monitoring from individual
zones, particularly for the Mathis Canyon No. 3 well, was scheduled.

3.5.2 Data Collection. A summary of the data planned to be
collected during this methane recovery project is outiined in Table 14.
This table 1ists data measured in the field as well as in the Tlaboratory
testing program conducted by IGT. The table also shows the methods for
collecting these data. Most of the Taboratory-measured data was derived by
analyzing cores taken from each of the individual demonstration wells.
These data were designed to provide valuable insight into the character-
istics of coal in these specific areas, and also to provide part of the
input data necessary to utilize the Intercomp computer model to predict

long-range gas production.

The gas content of coals from each well was measured using the tech-
niques developed over the past several years by the Bureau of Mines.
Currently, the Utah Geoclogical and Mineral Survey 1is under a contract with
the Department of Energy to collect samples from coals in Utah and analyze
them for gas content. The UGMS analyzed sample cores from all of the coal
zones cored to determine the gas content for these individual zones.
Duplicate analyses were made on selected zones using the same testing
methods, but run in the IGT Tlaboratory. These duplicate samples helped
verify the validity and reproducibility of this test method.

-3.36-



3.5.3 Instrumentation. Instrumentation requirements for this

project were developed by personnel in Mountain Fuel's engineering depart-
ment. The instrumentation is consistent with typical field installations
that Mountain Fuel has designed. Special precautions were taken to assure
that this system was operable during severe winter weather. Complete
metering was provided on each well on all incoming and outgoing streams.
The meters used to measure gas and water production were positive displace-
ment meters. This type of meter was chosen over other types of meters due
to the unknown quantity of gas and water production expected from wells in
this area. Each meter measuring gas production off the well was equipped
with a spring-wound continuous recording chart. The field design for the
gas metering system was designed so that an orifice meter run could be
substituted for the positive displacement meter with very little effort. An
orifice meter installed in this ¢system would provide more accuracy in
monitoring gas production once a range of production rates was defined.

-3.37-
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TABLE 14

DATA COLLECTION

DATA

A. Field Measured Data

1 =W N

W O ~N O

Wellhead pressure

Gas flow rate

Gas temperature

Water flow rate

Initial static water Tevel

Initial reservoir pressure
Coal depth

Coal thickness

Initial gas desorption

B. Laboratory Measured Data

1.

10.
11.
12.
13.

Coal porosity at
in-situ conditions

Coal permeability at
in-situ conditions

Coal methane content
Coal density

Coal mean effective
particle diameter

Coal compressibility

Diffusivity in
coal particle

Coal desorption isotherms

‘Coal water content

Gas composition

Gas gravity and viscosity
Water quality

Capillary pressure

-3.38-

COLLECTION METHOD

Pressure recorder

Orifice meter

Temperature recorder
Orifice meter with recorder

fcho meter and bottom hole
pressure device

Calculated from water level
Well Togs

Well Jogs

Core testing

Pressurized core analysis
Pressurized core analysis

Core analysis
Core analysis
Core analysis

Core analysis
Core analysis

Core analysis

Core analysis

Gas bomb sample analysis
{aboratory analysis
Laboratory analysis
Laboratory analysis



4.0 WORK COMPLETED DURING PHASE III

The plans made and approved during Phase II of this demonstration
project were carried out during Phase III. This phase of the project was
conducted over a 36-month period. The length of this phase was extended by
mutual agreement with the Morgantown Energy Technology Center due to mechan-
jcal problems encountered and a delay in drilling the third demonstration
well which resulted from a USGS drilling permit denial.

4.1 SITE LOCATIONS

Drilling sites for Whitmore Park Wells No. 1 and No. 2 were
prepared for drilling the locations planned during Phase Il of the project.
The location of the third well was ultimately moved because of drilling

permit delays discussed below,

4,1.1 USGS Drilling Permit Delay. Permits to drill all three
demonstration wells were 1issued by the Utah State Division of Natural
Resources. However, because the Mathis Canyon Well No. 3 was located on
unleased federal coal, approval from the USGS was necessary. A project
review meeting was held with key USGS personnel. At the meeting it was
freely expressed by the Conservation Division District Engineer that he did
not have the authority to grant a permit as this would set a national prece-
dent. The USGS was concerned about the legal ownership of the gas, but even
more concerned about possible damaging effects hydraulic fracturing might
have on the coal. The permit was denied so that a formal appeal could be
made that would automatically be addressed on the national USGS Tevel. The
permit denial stated that a permit could not be issued until the Solicitor's
O0ffice of the Department of the Interior decides whether the oil and gas
lessee has the right under his lease to recover gas contained in coal.

On November 29, 1979, Mountain Fuel formally filed an appeal to the
USGS denial of the Application for Permit to Drill this well under Federal
0i1 and Gas Lease No. U-15490. According to the decision statement,
Mountain Fuel's request to drill was denied because the target coalbeds were
"minable" because other mining was being conducted or requested at the same

depths. Mountain Fuel based its appeal on three issues:

-4.1- 75



76

FIRST: That the coalbeds under the Mathis Canyon No. 3 well are in
fact unminable, because the well is sited in a very narrow canyon, and
the overburden under the sides of the canyon would exceed 3000 to 3200
feet. In addition, the high methane gas content of the coal (300+
scf/ton) would require excessive and costly air circulation equipment
to meet mine safety gas concentration limits and thus render the coal
economically unminable at today's prices.

SECOND: Even if the coal is minable, drilling and stimulation of the
coalbed would not jeopardize later coal mining operations. It is
Mountain Fuel's position that methane drainage will enhance future
mining of coal. In support of this position we cited a letter from
Kaiser Steel Corporation, Sunnyside, Utah. In effect, the letter says
that methane drainage from coal would generally enhance safety of the
miners by reducing methane concentrations and by decreasing the demand
for ventilating air, which would mean Tess respirable rock dust would
be present in the mine atmosphere. The letter also says that any
degradation to the coal by a hydraulic stimulation would be negligible,
and for the support of that position Mountain Fuel cited numerous
authoritative articles.

THIRD: Mountain Fuel's final reason for appeal was a public policy
argument that our national energy crisis demands that additional
domestic energy resources such as methane recovery from coalbeds be
developed.

After filing this appeal, Mountain Fuel attorneys made a continual
effort to obtainm a drilling permit. Eighteen months passed without any
indication being given by the Solicitor's Office of the status of our
appeal. This delay resulted in several problems: drilling and subsequent
data collection from the third well could not be completed as scheduled;
and the scheduled project completion date was drawing nearer.

Due to the approaching completion date of this project, the decision
was made to select several alternate well sites for the third well. Each
well site was selected and prioritized based on the following criteria:

-4.2-



Private coal ownership, thereby not requiring USGS approval;
Location within boundary of proposed unit (discussion follows);
Favorable gas lease ownership;

Total projected amount of coal;

Accessibility to site location; and

6. Projected coal depth.

N & W N e
e o & o

The third project well was relocated to be in privately owned coal.
The well was projected to be drilled to a 3500-foot depth and to encounter a
total of at least 40 feet of coal.

Figure 21 shows the new location for the third project well in relation
to the other project wells, and other available corehole data showing
methane content of coals in the Book Cliffs coal field.

4,1.2 Unit Development. In order to retain most of the o0il and
gas lease acreage in this area, development was completed to unitize much
of the lease acreage between Whitmore Park Well No. 1 and No. 2 and Mathis
Canyon Well No. 3. The leases covering the Mathis Canyon Well No. 3 and
other sites with very high methane recovery potential are contained within
the unit bourdaries. Coal contours, total coal thickness and an economic
analysis were used to define the basis for the unit boundaries. It was
planned that the third well would satisfy the first well requirement under
the unit agreement. A complete copy of the unit proposal is appended.

Final approval of the Whitmore Unit was granted during August 1981.
The unit encompasses 13,848 acres. Mountain Fuel holds some interest in
about 72 percent of this acreage.

4.2 DRILLING PROGRAM

4.2.1 Whitmore Park Well No. 1. On October 5, 1979, drilling
began on Whitmore Park Well No. 1, the first of three wells to be drilled
during this project. A daily Tog of drilling activities for this well is
presented in the Appendix. Surface casing was set to 200 feet and, using

-4.3- 77
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air circulation, drilling proceeded to a depth of 760 feet. At this depth
an artesian aquifer was encountered which produced an estimated 10 BPM
while drilling with air circulation. This aquifer was not known to exist
in this area. Air circulation was stopped and conversion to mud circula-
tion was made. After air circulation was halted, the aquifer produced an
estimated 6 GPM of fresh water and, after shut-in for 12 hours, produced a
surface pressure of 50 psig. The water flow was contained by drilling with
9.7 1b/gal mud.

Drilling with mud circulation proceeded to 2650 feet. Some difficulty
was experienced in controlling the weight of the drilling mud. If the mud
became too light, the aquifer zone would begin to produce water; while if
the mud weight was too heavy, circulation losses occurred. The rate of
drilling with mud was only about one-fourth as fast as with air.

Based on 1imited data from nearby core holes, this well was projected
to encounter the Sunnyside coal seam at 2666 feet. This projection was
based on formation inclines indicated by surface measurements to have an 8
degree northerly dip; however, it was later found that the actual dip was 12
degrees. Therefore, the coal seams were encountered at Tower depths than
projected. Table 15 below 1ists the projected coal seam depths versus
actual depths. It also shows the thickness of the coal seams encountered.

TABLE 15
Projected Actual Actual
Coal Seam Depth Depth Thickness
Sunnyside 2666 2881 17
Rock Canyon 2836 3033 5
Fish Creek 2856 3055 4
Gilson 2874 3097 15
Kenilworth 2937 3160 2

Coring was initiated at a depth of 2650 feet. Because excessive
reaming was necessary to keep the core barrels from binding and because of
restricted mud circulation due to pump problems, only 142 feet was cored
over a period of 7 days. Because of the slow coring progress and since it
was then apparent the projected depths were in error, a decision was made to
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drill through the upper coal seams. Penetration of the coal seams was
clearly apparent from the increase in the drilling rate. Based on observa-
tions of the depths of the upper seams, the depth of the Gilson coal seam
was projected to be near 3100 feet. Drilling proceeded to 3080 feet, and
then 5 1/2-inch casing was cemented in place to a depth of 3078 feet. A
4 5/8-inch bit was used to drill through the cement plug at the bottom of
the 5 1/2-inch casing. Water production was immediately encountered;
however, the volume did not prevent coring and drilling with air circulation
below this depth. The hole was cored below 3080 feet using a 4 5/8-inch
diamond core head which produces a 1 1/2-inch diameter core. A total of 46
feet was cored and 39 feet of core were recovered, including 7 feet of coal
core from the Gilson seam. Coring was completed to a depth of 3126 feet.
Some gas production was apparent while coring through the coal. Although
the coal core recovery was not'comp1ete and the coal was badly broken, 2
good samples were obtained for desorption analysis. Enough coal core was
also obtained for the Institute of Gas Technology to test the coal for
permeability, porosity, compressibility, and coal characterization analyses.

After coring of the Gilson coal seam, drilling was resumed to a total
depth of 3177 feet. Drilling and formation depths for this well are shown
in Figure 22. This figure also shows the initial completion status of the
well,

A complete set of logs was run on the open hole well before casing was
set at a depth of 3080 feet. A second set of logs, cement bond log and
gamma-ray log, was run after drilling of the well was completed. Key
portions of these logs are included in the Appendix. The Togs showed a good
cement bond from the bottom of the casing to several hundred feet above the
Sunnyside coal seam. A permeable sand was observed from cores to extend
from about 8 feet above the Gilson coal seam to the bottom of the casing.
Eight feet of a very tight siltstone exists immediately above the Gilson and
approximately 12 feet of black shale is immediately below the Gilson coal.
A core sample of the siltstone was obtained by IGT for analysis. A verbal
communication from IGT dindicated a measurement of permeability of the
siltstone to be approximately 0.05 millidarcies. It was concluded that the
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water production below the casing was coming from the sand zone just below
the casing and not from the artesian aquifer found at 760 feet.

The drilling of this well emphasized some of the typical problems that
can be encountered while drilling the first well in a virgin area. The
unknown depth of the coalbeds, the water aquifer, and the other water
producing zones that caused the wellbore to sluff, greatly extended the
drilling time. This well was expected to be drilled in 10 days, but instead
took 27 days to complete.

4,2.2 Whitmore Park Well No. 2. The second project well was
spudded on November 1, 1979, and drilling commenced on November 2. A daily
log of drilling activities for this well is presented in the Appendix.
Several changes from the original drilling plan were made to eliminate the
problems encountered in drilling the first well. It was planned that
surface casing would be set deep enough to cover the artesian aquifer
encountered on the first well. This aquifer was projected to be at a depth
of 600 feet. However, it was not encountered even though the two wells are
only 1807 feet apart. Surface casing was set to 784 feet with 9 5/8-inch
0D, 36#, K-55 casing. Drilling went very slowly at the start because of
extremely hard rock and the inability to put sufficient weight on the bit.

Coring was initiated at a depth of 2550 feet. Two days of coring were
completed using air; however, the progress was very slow. The core barrel
jammed several times, each resulting in recovery of only a partially full
core barre]. Several trips into the well were made to clean out bridges at
1400 feet, 1800 feet, and 2000 feet. These same tight spots had to be
drilled out three separate times. The formations at these depths were
producing enough water to result in continual sluffing of the walls. A
conversion to mud coring was made to reduce the sluffing problem. Although
some improvement was seen, the well still had to be reamed several times.

Based on data from the first well, this well was projected to encounter
the Sunnyside coal seam at 2568 feet. All the coal seams were encountered
at depths approximately 150 feet deeper than projected. Table 16 below
1ists the projected coal seam depths versus actual depths. It also shows
the thickness of the coal seams.
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TABLE 16

Projected Actual Actual
Coal Seam Depth Depth Thickness
Sunnyside 2568 2681 (top parting) 12 (4 partings)
Rock Canyon 2720 2864 4
Fish Creek 2742 2876 2
Gilson 2783 2932 13
Kenilworth 2806 2985 2

The coring on this well produced 3 1/2-inch diameter cores. Core
samples containing coal from all of the four upper seams were obtained.
Samples for desorption were collected by IGT, Mountain Fuel Supply and the
Utah Geological and Mineral Survey. Most of the coal cores were broken and
consisted of small pieces. However, several large pieces of Gilson coal
were recovered. These were to be used by IGT to cut sample plugs for
permeability measurements. After the cores of Gilson coal were recovered,
the well was drilled to a total depth of 3000 feet. The total depth was
considered to be shallow enough to avoid encountering the Kenilworth sand-
stone known to exist below the Kenilworth coalbed, but deep enough to
provide an adequate sump for the dewatering pump.

A complete set of logs was run on the open hole before casing was set.
Portions of these logs are included in the Appendix. The drilling rig was
released .on November 22, after 21 days of drilling.

4.2.3 Whitmore Unit No. 1 Well. Spudding and drilling to set
surface conductor pipe for the third project well began August 31, 1981.
Drilling activity in this part of the country had been very heavy at that
time and resulted in a shortage of available drilling rigs. After approval
of the specific drilling site was granted, no rigs were available until
mid-September. Even then, only a smaller and older-than-desirable rig was
all that was available. Actual drilling began on September 22.

The plan for drilling this well was to drill to the coal depth as
quickly as possible using air, pick the top of the uppermost coal from the
drilling breaks, adjust the coring intervals from these data, and core a
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minimum amount to obtain coal samples for methane content analysis. The
plan also called for drilling to a depth of 1000 feet before setting any
surface casing. This would allow any shallow aquifers to be located behind
casing so that the rest of the well could be completed by air drilling.
These and other refinements based on the drilling experiences on the first
two wells were inciuded in the plan to minimize the risk of encountering
problems in drilling which might result in project cost overruns.

The initial drilling to a depth of 1004 feet was completed with air
drilling and without problems. No aquifers were found to this depth and the
surface casing was set, After this time, numerous problems began. The rig
and other equipment broke down several times, causing delays. At a depth of
1500 feet some water began to be produced. By the time a depth of 1756 feet
was reached, 150 BPH of water was flowing into the well and drilling with
air was terminated. The conversion to mud drilling was completed early in
October. The drilling progressed much slower than anticipated because of
numerous rig breakdowns and the time lost for repairs. Most of this lost
time was not charged because the terms of the contract with the drilling rig
only allow for a small amount of downtime to be charged. A detailed
drilling report is included in the Appendix.

Drilling continued while watching for the anticipated drilling breaks
and cutting samples showing coal to signal the first coalbed. The exact
coring intervals would then be selected. This approach was designed to
avoid cutting cores where no coals exist. Since the nearest well was over 4
miles away, the exact coal depths were unknown. The top coal was projected
to be 2780 feet deep. However, the first drilling break was not encountered
until 2951 feet, which was thought to be the beginning of the coalbeds.
Three cores were recovered from 2962 feet to 3013 feet without any coalbeds
being encountered. Based on cost considerations, it was decided to
discontinue coring until a larger drilling break was encountered and cutting
samples could verify that a coalbed had been found. Data from the nearest
well indicated the existence of 2 or 3 coalbeds in excess of 20 feet thick.
A drilling break greater than 8 feet would indicate that drilling had

reached one of these large coalbeds.
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Drilling continued without encountering any other coals until a depth
of 3512 feet was reached. When a drilling break greater than 8 feet was
encountered, drilling would be stopped and cores cut. However, no breaks
larger than 6 feet were ever encountered and no cores were cut. Cutting
samples were, however, obtained from 4 coalbeds and sealed in canisters for
desorption analysis. These cutting samples were desorbed by Mountain Fuel
Resources' personnel and corrections estimated for Tost gas.

As the depth of 3715 feet was reached, the small drilling rig neared
its capacity to 1ift the drill string from the well. Six small coalbeds had
been reached to this depth. The depth and thickness of these beds supported
the belief that more coalbeds, which were possibly thicker, lay at greater
depths and that the lowest coal might be as deep as 4200 feet.

It was decided to put on a new drilling bit and remove 4 of the 12
drill collars to reduce the weight of the drill string. Drilling would
continue until this bit was completely worn out. Drilling proceeded at a
rate only slightly slower than with the weight of a full set of drill
collars on the bit. Drilling stopped at a depth of 4062 feet after 8 more
small coalbeds were drilled. A complete suite of logs was then run. The
deepest coal was a 4-foot zone from 4015 to 4019 feet. When the well was
cleaned following logging, 48 more feet were drilled to give more rathole
below the Towest coal. Total depth of the well was 4110 feet.

A complete set of logs was run and portions of which are shown in the
Appendix. They indicate a total of 42 feet of coal was encountered in this

well.

4.3 PRESTIMULATION TESTING

4.3.1 Water Injection Tests. Testing of Whitmore Park Well No. 1
well was accomplished using Lynes packers. A combination of Lynes packer
tools was run on 2 3/8-inch tubing and oriented to the Gilson coalbed. The
system consisted of two Lynes retrievable packers spaced 12 feet apart to

straddle the Giison coalbed. Pressure recording bombs were located above
and below the two packers with production ports located above, between, and
below the packers. After the packers were inflated and set in position,
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each set of ports could be opened individually. This allowed the tubing to
be operned to any of the 3 zones. Testing of each individual zone could then
be accomplished without relocating the packers.

Each Lynes packer has a seating surface approximately 4 feet in length.
When set in their final position, each packer covered the interface between
the coal and the surrounding formation. Figure 23 shows the testing config-
uration with the Lynes packers. Proper packer seating was tested by pulling
on the tubing string once the packers were inflated. Further verification
was made by comparing the annulus and tubing water levels during testing as
measured by an echometer and by comparing tubing and annulus pressure
readings from the pressure recorder bombs. Satisfactory packer sealing was
maintained throughout the injection and swabbing tests.

A series of water injection tests and swabbing tests was carried out on
each zone. The first water injection tests were made into the Gilson
coalbed at very Tow rates using a small, air-driven injection pump. This
pump was to operate at a constant rate and the resulting pressure data was
to be monitored and used to calcuiate permeability. However, a constant
injection rate was very difficult to maintain. Fortunately, the coalbed
showed high permeabijlity to water, and after the initial tests with the
small pump at about 1.3 GPM, tests were made at a 1.5 BPM rate using a
Halliburton cement pumper truck. Pumping rates and pressures were also
recorded on a Halliburton strip chart. A list of the injection test data
for the Gilson coalbed 1is shown in Table 17. Pertinent portions of the
strip chart recordings are shown in Figure 24 for injection testing into the

Gilson coal.

Table 18 presents data from injection tests into the zone above the
Gilson seam. This zone took water very readily at injection rates from 0.8
to 4.9 BPM and the surface pressure buildup occurred very rapidly. Even at
the highest injection rate of 4.9 BPM, the surface pressure stabilized
almost immediately at 1750 psig, as shown in the strip chart recordings
given in Figure 25.

A series of multi-rate injection tests was also run on the upper
formation. This consisted of changing the injection rate in steps and
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TABLE 17. WATER INJECTION TESTING DATA - GILSON COALBED
Date: November 3, 1979 Well: Whitmore Park No. 1  Zone: 3098-3314 ft.

Time Lapsed Time, Sec Injection Rate, gpm Surface Pressure, psi
1:11 pm 0 1.4 48
1:25 880 1.3 60
1:28 1112 1.3 70
1:36 0 2.2 70
67 1.8 80
122 1.3 82
235 1.5 87
405 1.3 91
340 1.3 95
672 1.3 97
965 1.3 99
1:55 0 1.2 97
82 1.7 105
140 1.4 110
210 1.5 113
275 1.5 113
340 1.5 115
405 1.4 118
475 1.7 118
535 1.5 118
603 1.6 118
667 1.6 129
731 1.6 120
2:14 0 0.47 325
2:16 2 . 360
2:18 4 " 380
2:22 8 " 425
2:24 10 " 450
2:26 12 " 455
2:28 14 " 470
2:30 16 " 478
2:32 18 " 490
2:34 20 " 500
2:36 22 " 520
2:38 24 0.47 525
2:40 26 " 535
2:42 28 " 535
2:44 30 " 545
2:46 32 " 545
2:48 34 " 545
2:50 0 0.87 680
2:52 2 " 700
2:54 4 " 725
2:56 0 1.50 900
2:58 0 0.47 655
3:00 2 0.47 615
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TABLE 18. WATER INJECTION TESTING DATA
FORMATION ABOVE GILSON COALBED

Date: November 3, 1979
Well: Whitmore Park No, 1
Zone: 3080-3098 feet

Surface Pressure, psi

Time Lapsed Time, Min Injection Rate, BPM Gauge Transducer
3:19 pm 0 variabie 210

3:20 0 .83 285 250
3:22 2 " 285 250
3:24 4 " 285 250
3:27 0 1.54 430 390
3:30 0 2.5 700 670
3:31 0 1.45 325 280
3:32 1 " 315 280
3:33 2 " 315 280
3:39 0 4.9 1750 1750

TABLE 19. MULTI-RATE INJECTION TESTING DATA*
FORMATION ABOVE GILSON COALBED

Date: November 3, 1979
Well: Whitmore Park No. 1
Zone: 3080-3098 feet

Stabilized Surface Pressure, psi

Time Injection Rate, BPM Tubing Annulus
5:03 pm 3.5 980 280
5:04 3.08 810 250
5:05 2.55 600. 180
5:07 2.1 410 130
5:10 ’ 1.4 220 80

*Pressure decline tests conducted. Water was injected to raise pressure,
then pressure decline to be observed, but formation took water so rapidly
that a constant injection rate and constant pressure were observed.
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monitoring the corresponding stabilized pressure. With each injection rate
change, the pressure stabilized almost immediately. A 1listing of the
injection rates and stabilized pressures is given in Table 19.

No attempt was made to conduct the mini-fracture that had previously
been planned for the formation above the coal because extremely high rates
would have been required, and any fracturing would have increased the water

production from this formation.

Testing of the formation below the Gilson coalbed showed this formation
to be almost impermeable. The formation would not accept sufficient water
to conduct injection tests, so pressure decline tests were completed on this
zone. These tests consisted of raising the pressure on the formation and
monitoring the pressure decline during zero flow conditions. Pressure
decline curves were developed from peak pressures ranging from 580 to 2700
psig. Pressure decline curves are shown in Figure 26. Higher pressure
tests, including mini-fracture tests, were not attempted due to pressure
limitations of the wellhead and injection piping. No evidence of a
mini-fracture was observed for this formation even during the highest

pressure test.

No water injection tests were conducted on either the second or third

project wells.

4,3.2 Swab Tests and Influx Rates. A major part of the prelimi-
nary testing was conducting a series of swab tests which were completed on
each of the three wells. The purposes of the swab tests were to remove
water from the well and note any gas production, to measure the water influx
from each formation, and to use the water influx data to calculate formation
permeabilities. The water influx data were useful in properly sizing the
water pumping equipment.

The swab testing on Whitmore Park Well No. 1 was completed on each of
the three formations isolated by the Lynes packer system. The Gilson coal
zone was swabbed first. After the water level was reduced from an initial
depth of 540 feet to a depth of approximately 2000 feet, gas production was
observed with each subsequent swab run. The gas appeared ahead of the
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column of water being swabbed and continued to appear in slugs with the
water. The gas was ignited and flared during each of these swab runs. Gas
was also detected during the swabbing of the formations below and above the

Gilson coal zone.

Even though water injection into the formation below the Gilson coalbed
was not possible, swab tests were successfully completed on this zone. This
result was very surprising. Echometer data on water levels indicated that
the formation was producing water during the swab runs. A field check of
the pressure recording made by the pressure bomb Tlocated below the bottom
Lynes packer indicated that this formation did see the high pressures

applied at the surface.

The most significant conclusion derived from the swab data is that the
formation above the Giison coal produces water at rates in excess of the
capacity of the pumping equipment that had been procured for this well.
Cores and log data for this well showed that a permeable zone producing the
high water influx rates is separated from the Gilson coal by a layer of
relatively impermeable shale. This shale layer extends about 10 feet above

the top of the Gilson seam.

In order to contain the water produced from this zone and the zone
below the Gilson coalbed, a decision has been made to install a 3i-inch
diameter liner over the open hole and to extend the casing to the total
depth drilled. Perforations were then made to open the coal zone to produc-

tion.

Two sequences of swab testing to measure influx rates were completed on
Whitmore Park Well No. 2. The first was done on the zone isolated by the
Pengo completion tool and the second on the entire open hole portion of the

well,

After casing was set, tubing was run into the well to engage the
mechanism used to open and close the ports between the Pengo packers.
Swabbing equipment was then used to swab as much water from the well as
possible before opening the Pengo tool to the Sunnyside coalbed located at a
depth of 2700 feet. After swabbing the water level to 2200 feet, the Pengo
ports were opened but no indication of either gas or water influx was
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detected. The tubing was connected to a positive displacement gas meter but
no flow was measured. Several readings of the water level were made with an
echometer but no change in water level was noted. The well was closed off
at the surface and allowed to sit overnight with the Pengo ports open to the
coal zone. Echometer readings of the water level the next day indicated
that no water had come into the well during a 15-hour period. Two more swab
runs were made with still no water or gas production. After the attempt to
produce gas and water from the Sunnyside coal zone isolated by the Pengo
system, the cement plug left in the bottom of the casing was drilied out.
Swab tests were then run on this well similar to the Well No. 1 tests.
These tests as shown in Table 20 indicated that the entire open hole forma-
tion produced from 71 to 162 BPD of water.

Completion of the open hole was made and swab tests were conducted
through tubing set to a depth of 2970 feet. Gas production was observed
after the water level was reduced from 400 feet to an approximate depth of
1800 feet. The gas appeared ahead of the column of water being swabbed and
continued to appear 1in slugs with the water, Each subsequent swab run
produced gas which was ignited and flared.

During the Tlater swab runs, some uncertainty arose concerning the
accuracy of tne water level measurements. The water level was detected by
the rig operator when the swab cups were being lowered into the well. When
the cups hit the water, the wireline goes slack. However, during most of
the last swab runs, an indication of a water level was noted but was fol-
lowed by a stronger water level indication at a lower depth. Echometer
water level measurements taken during this same time period did not agree
with the swab data. It is believed that the echometer data provide a more
accurate measure of relative water level changes. Therefore, during the
last five swab runs, an echometer shot was run just prior to pulling the
swab from the bottom. A complete listing of all the echometer tests con-
ducted on Well No. 2 is given in the Appendix.

Gas production from Well No. 2 was measured over a 20-minute period
after the water level was reduced to 1800 feet below the surface. With the
resulting hydrostatic pressure of 490 psi on the formation, a production

rate of 189 cfd was measured.
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Several encouraging signs were observed during the swabbing of Whitmore
Unit No. 1 well. After drilling and complietion, the well had to be killed
by filling the wellbore with fresh water. When swabbing was initiated after
being shut-in for a month, the initial water level was found at a depth of
approximately 500 feet. No pressure was measured on either the tubing or
the annulus. Swabbing began and a total of 2,300 gallons of fluid level was
produced after several swab runs. The well was shut-in overnight.

Starting the second day of swabbing the well had built up 50 psig on
the tubing and 300 psig on the annulus. Swabbing continued for 9 hours with
approximately 7,600 gallons of water being recovered. During the day it was
determined that the water Tevel could not be reduced below a depth of about
1,600 feet. The rate of water influx into the well was equal to the rate
water could be swabbed from the well. The average rate of water production
during these operations was 530 BPD. It was anticipated that water
production would exceed this rate as the pressure on the coal formations was
reduced by further lowering the water level in the well.

Gas production was observed with the swab water after several runs were
made. After two hours of swabbing, when the water level had been lowered to
a 1,600 foot depth, large volumes of gas were returned with the swab water
and the gas was ignited. Although no gas measurements were made, it was
apparent from the size of the flare that the gas production continued to
increase as the swabbing continued and the water level in the well was
maintained at the 1,600 foot depth.

A third day of swabbing was conducted in order to obtain gas production
measurements from the well. Overnight, the wellhead pressure had built to
210 psig on the tubing and 1,070 psig on the annulus. Some gas flowed from
both the tubing and annulus prior to swabbing but for only a few minutes.
The fluid level was measured to be 500 feet from the surface and swabbing
through the tubing was started. After one hour of swabbing the water Tevel
was reduced to 1,600 feet and the annulus was opened to flow. Gas flow from
the annulus was flowed through an orifice well tester initially with a
0.0625-inch orifice, The pressure drop across the orifice increased each
time a swab run was completed until a maximum pressure drop of 100 psi was
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reached. When the orifice was changed it was found to be partially closed
due to a buildup of ice. A 1.000-inch orifice was installed and it was
observed shortly thereafter that a continuous flow of water was passing
through the annulus. The water flow became more intermittent as the gas
production again increased, as had been observed the day before.

Swabbing through the tubing was stopped and the annulus was shut in for
30 minutes to allow the water to settle. When the annulus was reopened,
some water was still flowing with the gas. However, the water production
gradually decreased until only occasional slugs of water were being returned.
During this period the gas production was measured while no water was
flowing. Two readings were obtained for each of two orifice sizes (1.000-
inch and 0.3125-inch). From these readings peak gas flow rates up to 350
Mcfd were recorded. The average measured continuous flow was 120 Mcfd. Gas
was also flowing through the tubing at this time; however, the flow rate was
not measured. By the appearance of the flare, the rate of flow from the
tubing was observed to be equal or greater than the measured rates through

the annulus.

4.3.3 Coalbed Permeability. Sufficient data from swab tests
conducted on Lell No. 2 were obtained by IGT to calculate permeability. The
Gilson coalbed formation permeability was determined to be about two milli-
darcies. This value is in the range of permeabilities measured using core
samples obtained from the Kaiser mine. The swab data from Well No. 1,
however, were too scattered to determine permeabilities accurately.

Water injection tests into the Gilson coal at Whitmore Park Well No. 1
were carried out at four rates, ranging from 0.47 BPM to 1.5 BPM. For each
injection rate, a plot of surface pressure versus log of time was made and
the slope of the pressure increase line was determined. Permeability was
then calculated from Darcy's Law (Ref. Petroleum Production Handbook, pp.
32-34):

K = 162.6 quB
M h
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where

= permeability (Millidarcies)

= rate (STB/D)

= viscosity of fluid (centipoise)

= formation volume factor = 1

= slope of pressure vs. log time (psi/cycle)
= formation height (feet)

o =2 T 0O X
1

Permeabilities as calculated for the different injection rates varied with
rate as seen in Table 21. The higher the injection rate and pressure

the higher the calculated permeability. This result is not consistent with
the permeability calculation made by IGT using swab data. The swab data
calculation gave a permeability of approximately 2 millidarcies. One
possible explanation for this change in permeability is that coal itself is
quite impermeable but contains numerous natural fractures. Coal is also
compressible and, when subjected to injection pressures, the natural frac-
tures are opened. The higher injection pressures therefore result in higher
calculated permeabilities. Water injection at very low rates may therefore
yield more meaningful data for the permeability of the coal.

TABLE 21
PERMEABILITY FROM WATER INJECTION TESTS ON GILSON COAL

Test Water Injection Calculated Permeability
Series Rate, BPM millidarcies

1 0.47 20

2 0.87 170

3 1.50 200

4 0.47 73

4.4 COAL CORE TESTING

4.4.1 Core Gas Content. Cores were obtained for gas content and
other analyses from Wells No. 1 and No. 2. Due to the drilling problems and
the difficulty in Tlocating the coalbeds in the third wéll, no cores were

obtained. As discussed previously, only 7 feet of coal core from the Gilson
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coalbed were recovered from Well No. 1. Samples for desorption were
obtained by IGT and UGMS personnel. IGT personnel collected additional core
samples of sandstone and shale formations surrounding the coalbeds. Some
small quantities of methane were contained in these samples: details are
reported in the IGT reports.

Coring at Well No. 2 was much more successful in recovering cores of
the coal seams. Sufficient cores were obtained from all four of the major
coalbeds so that multiple samples from each seam were obtained. Mountain
Fuel Resources personnel obtained three duplicate samples from this well.
A1l of the samples were desorbed using the standard procedure developed by
the Bureau of Mines (12) in which core samples are sealed in containers and
the desorbed gas is measured by displacement of water. This procedure
involves making an extrapolated estimate of gas lost prior to being sealed
in the desorption canister. A plot of total gas desorbed such as 1is shown
in Figure 27 is used to make this estimate. A complete summary of desorp-
tion from all coal cores is given in Table 22.

The gas content of the cores greatly exceeded previously measured gas
content of coals from this area of the Book Cliffs coal field. Some cores
from each coalbed indicated very high gas content coal. At least one sample
each of the Sunnyside, Rock Canyon, Fish Creek, and Gilson coals measured
over 400 scf/ton of coal. Duplicate samples indicate a close relationship
between the IGT samples and the Mountain Fuel Resources samples. However,
samples taken by the UGMS were consistently lower. It was discovered that
the containers used by the UGMS had been leaking, which would allow desorbed
gas to be lost.

4.4.2 Drill Cuttings Gas Content. As discussed 1in the drilling
section, no cores were obtained but drill cutting samples of four coalbeds

were collected and analyzed. A "chip desorption technique" developed at the
University of New Mexico (13) was used to correlate the total gas desorbed
from the sampie container to the total gas content including lost gas. Most
of the core samples indicated high gas content while the drill cutting
sample method indicated considerably lower gas content. The cutting sample
data are believed to not truly represent the actual gas content of these
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TABLE 22
SUMMARY OF CORE SAMPLE DESORPTION DATA

Well Sample Coal Depth  Laboratory Total Gas Total Gas
No. No. Seam feet Desorbed Desorbed
cc/gm scf/ton

WP-1 2 Gilson 3099 IGT 13.9 443
WpP-1 262  Gilson 3097 UGMS 6.6 212
WP-2 RC-1  Rock Canyon 2865 MFR 10.8 345
Wp-2 RC-2  Rock Canyon 2867 MFR 12.6 403
WpP-2 G-3 Gilson 2934 MFR 10.5 335
Wp-2 261  Sunnyside 2720 UGMS 5.3 169
Wp-2 260 Gilson ' 2935 UGMS .7 216
Wp-2 8 Coal Stringer 2664 IGT 13.3 426
Wp-2 10 Lower Sunnyside 2714-20 16T 9.1 292
Wp-2 11 Sunnyside 2703 IGT 12.7 406
Wp-2 13 Fish Creek 2877 IGT 12.5 400
WP-2 14 Rock Canyon 2863 1GT 12.9 413
Wp-2 16 Gilson 2934-7 1GT 12.1 387
WP-2 17 Gilson 2934-7 IGT 12.6 403
WU-1 1 Sunnyside 3651-6 MFR 5.1 165*
WU-1 2 Sunnyside Stringer  3685-7 MFR 3.7 118*
WU-1 3 Fish Creek 3762-5 MFR 5.6 180*
Wu-1 4 Castlegate 3976-80 MFR 5.4 174*

* Estimated by "Chip Desorption Technique"
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coal seams for two reasons. First, these coalbeds are the same seams
encountered in the first two wells but at a greater depth. Second, previous
core analysis of coals nearest the third well indicated this general area to
be the most gassy part of the Book Cliffs. The exact reason for this incon-
sistency is unknown but may have resulted from either bad sample collection

techniques or inaccuracy in the "chip desorption technique."

4.4.3 Desorbed Gas Composition. During the desorption process
IGT collected samples of the gases evolved during different stages of
desorption. Mass spectrometer analyses of the gases was then run to deter-
mine gas composition. A typical set of composition data for one core sample
is shown in Table 23. The IGT work summary includes data from all the core
samples. It was observed that the methane content ranges from 95 to 98
percent and that it increases during desorption while the percentage of
carbon dioxide decreases. During the later stages of desorption, some
heavier hydrocarbons (CZ’ C3, and C4) started to appear in small concen-

trations.

4.4.4 Other Analyses. Numerous other types of testing were
scheduled to be performed on the cores obtained from these wells. Plugs
were to be cut so that permeability to gas and water, diffusion parameters,
porosity and compressibility measurements could be conducted in the IGT
laboratories, Unfortunately, IGT was not able to cut plugs out of the coal
cores. Therefore, none of these tests could be conducted. Three other
analyses were completed: coal analysis, water analysis, and adsorption

isotherm measurements.

Each sample of coal from Wells No. 1 and No. 2 and a sample from both
the Kaiser Sunnyside Mine (17 miles southeast) and the Soldier Creek Mine (4
miles southwest) were analyzed and ranked by the ASTM method. Table 24
shows a representative analysis of the Gilson coal compared to the Kaiser
Sunnyside coal. The ASTM rank was made as high volatile A bituminous.
These coals fit the criteria of less than 69 percent dry fixed carbon and
volatile matter greater than 31 percent. However, this rank also requires a
BTU content greater than 14,000 BTU/1b, which was met for only two samples
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and was borderline for several other samples. The Tow BTU samples had
higher mineral matter (ash), which could be the result of the coalbeds being
in stringers and thin beds. Complete coal rank analyses are found in the

IGT reports.

Three water samples were collected during the drilling of Well No. 1
and numerous samples were collected during the dewatering of all three
wells. While air drilling, a water zone was encountered at a depth of about
760 feet. A sample of this water was obtained and analyzed for its major
ions, pH, and solids. Also, two samples were taken after the Gilson coal
seam had been cored in an effort to establish the zone of water entry into
the well. One of these samples was water unloaded from the base of the
Gilson coal. The other was taken from about 650 feet off bottom (2500 ft
depth) after 16 feet of shale had been cored below the Gilson coal. These
analyses are shown in Table 25. They show that some differences exist in
the waters, but these differences are not very significant in verifying the
origin of water by different chemistries. However, it does appear that the
760 feet aquifer showed a 1ittle less total ion concentration, as would be

expected.

Water analyses from each of the three wells show the water to be good
enough to be discharged into the existing runoff streams. No special
treatment of the water was necessary.

A pulverized sample of Gilson coal was prepared for obtaining an
equilibrium adsorption isotherm for methane adsorption. The preparation
included a treatment for removing the last traces of gas and water vapor by
treatment in a vacuum oven at 130°C for 24 hours. The sample was removed
from the oven and placed into a vacuum-pressure system that was equipped

with sensitive pressure transducers for pressure measurements. Pure gases

from high-pressure cylinders were used in the determination. Helium was
used to determine volumes in the system by expansion and calculation by
Boyles Law. The ideal gas eqguation was used to determine the amount of
methane adsorbed in the coal at various pressures. It was found that even a
pulverized sample of the coal required some equilibration time after each

-4.32-



009

9¢

0t
o€
0¢

LJ

€L9

AL
629
9ty

086 6L
11 061 002 02 0G¢ €8 0£2 L1
29 ARl 9°6/ G ¥l 9° ¥/ 06 1€5 G/
L°01 L b 9°¢/ yoel G 2. % 126 0°8
62°0 9°/1 21 29°1 211 L AL 6°8
34 bW e) A e SS1L SalL Hd

SITWYS Y3LUM - T# Hd¥d JHOWLIHM
S¢ 318Yl

uoL3onpoud uoL}e|nNuWLIS}Sod
(28-21-8)

LLSM T °"ON 3Luf S40W3LyM
uoLyonpoad uoL}e|nuLysSadd
(08-51-6)

7 "ON LLISM Yded 840wiLyp
uosjLy Jo aseg

10052 9 Buipeoiup

4a4Lnby 09/
(6/-62-01)
1 "ON LL3M dJ4ed S40WILYM

107

-4.33-



108

pressure was introduced. Six individual steps were used in which the
pressure ranged from near zero to about 102 atmospheres, absolute (1500
psi). Figure 28, Curve 1, shows a plot of the isotherm.

These data indicate a characteristic equilibrium adsorption isothern.
The adsorption, which is rather steep at the lower pressures, begins to
flatten out as the pressure increases. It is interesting to note that at
the final experimental pressure point (about 102 atmospheres or 1500 psi),
the methane content was about 14.8 cc/gm. The amount of methane desorbed
from the Whitmore Park No. 1 Gilson coal seam was 13.9 cc/gm (443 scf/ton).
The hydraulic head on that coal seam was observed to be about 500 feet
subsurface using an echometer. Assuming fresh water in the coal, reservoir
pressure at the depth of sampling (3100 feet) is estimated to be (3100 -
500) 0.434 = 1128 psig.

This adsorption isotherm shows very close agreement between the amount
of methane actually desorbed from the sample and the value expected from the
sample and the measured adsorption isotherm at a pressure of 1142 psia.
This indicates that the Whitmore Park No. 1 Gilson seam contains the maximum
possible amount of methane for its reservoir pressure.

Figure 28 also shows the isotherm assumed for prior computer simulation
of Gilson cval seam production. This assumed isotherm was based upon prior
USBM work as described in the Phase 1 work. Comparison of the assumed and
measured values reveals that the coal contains 67 percent more methane than
previously assumed., It also indicates the qimportance of reducing the
pressure within the coal to its Towest possible point. Half of the methane
present in the coal remains adsorbed at 100 psia.

4.5 WELL COMPLETION TECHNIQUES

4.5.1 Whitmore Park Well No. 1, Originally this well was
completed open hole across the l4-foot thick Gilson coalbed. Approximately
17 feet of open hole was exposed above the Gilson coal and 66 feet below as
was shown previously in Figure 22. The injection tests completed on this
well indicated a water influx rate from the zone above the coal that
exceeded the available pumping capacity. The influx rate would be expected
to increase after hydraulic stimulation of the well and as the bottom hole
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pressure was further reduced. The zone above the coalbed produced 700 BPD
of water with a bottom hole pressure of 990 psig. Because of the excessive
water production, a decision was made to cement a 3i-inch casing liner from
the bottom of the present casing to total depth and then perforate into the
Gilson coalbed. The casing was anchored 208 feet up from the bottom of the
5i-inch casing as shown in Figure 29. Minimum-weight cement (14.28 1b/gal)
was used to cement the casing to minimize the amount of cement pushed into
the coal formation. The casing was slotted adjacent to the Gilson coalbed
over a 5-foot interval from 3103 to 3108 feet using a Halliburton Hydra-Jet
cutting tool. A substantial amount of coal and cement cuttings were
returned to the surface to assure a complete perforation into the coalbed.
This completion system was designed to seal off the water production zone
above the Gilson zone, and to permit production only from the Gilson coal-
bed.

Production and metering facilities were installed following the
installation and perforation of the casing liner, and dewatering of the
well began. It quickly became apparent that the rate of water production
coming into the wellbore continued to be much larger than was previously
measured as coming from the Gilson coal alone. Efforts were made to
increase the pumping rate but even at the maximum rate of 5 GPM the water
level in the well was only reduced from a depth of 500 feet to 930 feet.

A careful examination of the cores obtained from this well has been
made. It was determined that the sand above the coal zone did not contain
sufficient permeability to allow the water production experienced on this
well. However, a 5-foot to 8-foot section of sand appeared to be naturally
fractured. The fractured zone does appear to be capable of transporting

high water rates.

Several possibilities for the source of the water existed. One was
that a poor cement job resulted in water entering the wellbore from the
fractured sand zone, traveling down the wellbore, and then out through the
perforations made 1into the Gilson coalbed. Cement bond logs, however,
showed good bonding and made this possibility unlikely. A second possi-
bility was that a path had been opened from the coal into the fractured
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sand zone some distance from the wellbore. Previous swab test data
indicated the source of the water production must be the zone above the
Gilson coalbed. The exact path of the water flow into the wellbore could
not be determined. It might have still been possible to squeeze cement
into the formation and shut off the water production. However, success-
fully squeezing cement relies on the ability to squeéze enough cement under
pressure and maintain that pressure long enough for the cement to set. The
personnel experienced in squeeze jobs from both Halliburton and Mountain
Fuel Supply concluded that there was too much permeability to have a good
chance of successfully completing a squeeze job. The cement would probably
leak off into the surrounding formation prior to setting up and sealing off
the water production zone. The possibility of cementing over the existing
perforations and completing new perforations directly into the fractured
sand zone was discussed. Even though this approach offered the possibility
of getting more cement into the actual water production zone, it would
severely weaken the pipe in the well and still would encounter the problem
of the cement leaking off into the surrounding formation faster than its
ability to set up and seal off the zone. It was the general conclusion of
MFS personnel that there was less than a 50 percent chance of successfully
conducting a squeeze job that would completely isolate the current water
production.

A second serious concern would exist even if a successful squeeze job
were completed. After setting the cement, there would be an extremely high
probability that any subsequent attempt to fracture the coal would reopen
the water production zone. It was highly Tikely that a fracture would
initiate and extend along the newly formed cement/formation boundary. If a
hydraulic fracture were initiated in the coal zone, it would also be Tikely
to extend out of the coal zone and up into the existing naturally fractured
sand zone. The benefits of a successful squeeze job without a hydraulic
stimulation were very small yet very costly. It was estimated that such an
attempt would cost in the range of $75,000 to $100,000. In view of this
high cost, it was not reasonable to attempt a squeeze job since the end
results, even for a successful job, would be so minimal.
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Whitmore Park Well No. 1 was used as a monitoring well during the
stimulation of Well No. 2. The bottom portion of the well was then sealed
and perforations completed into one of the upper Sunnyside coal seams. The
seam is 6 feet thick, and 1is surrounded by apparently competent rock
formations with low permeability. Conventional jet perforations were used
to make 4 perforations per foot. The final completion configuration is
shown in Figure 30.

4.5.2 Whitmore Park Well No. 2. Because of the change in the
method for completing Well No. 1, a decision was made to provide for an
open-hole completion in Well No. 2. This would permit comparison of
production from the open hole in the No. 2 well with production from the
same seam in Well No. 1 through perforations. However, because the Gilson
seam in Well No. 1 was eventually sealed this comparison was not possible.

After completing drilling to a total well depth of 3000 feet, a 5i-inch
casing was run in the well with a Halliburton packer on the bottom at a
depth of 2929 feet (2 feet above the Gilson coalbed) to prevent any cement
from entefing the open hole below the packer. Within the casing string, a
section of 5i-inch Pengo double-wall casing was run, this casing section
being adjacent to the Sunnyside seam. The Pengo system has external packers
that force cement to flow through the casing annulus and isolate the
formation between the packers from the cement. It also has ports that can
be opened and closed after cementing is completed. The Pengo packers and
Halliburton packers were accurately spaced, based on log data, to permit
landing the Halliburton packer immediately above the Gilson coalbed and
positioning the Pengo packers straddiing the main 7-foot parting of

Sunnyside coal.

Once the properly spaced casing was run in the well, a gamma ray Tlog
was run to assure the desired positioning of the packers. The casing string
was then cemented in place, leaving a cement plug in the bottom of the
casing. The cement plug was drilled out to finish the completion and tubing
and a sucker rod pump were installed to dewater the well. Figure 31 shows
the completion of this well.
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4.5.3 Whitmore Unit No. 1 Well. A total of 42 feet of coal was
encountered in this well. The coal was in 15 small beds ranging from 1 to
6 feet thick. The largest 6-foot coalbed was selected as being the most
attractive over which to locate the Pengo selective completion tool, similar
to that used at Whitmore Park Well No. 2. The well was cased to total
depth with the Pengo tool located to straddle this coalbed. The system was
installed with two sets of movable ports. One set was opened to flow during
the hydraulic stimulation. The other set of ports was screened and used to
1imit the flowback of sand from the formation after the stimulation.

The data obtained from the well logs were analyzed to assess the
quality of each coalbed and the specific characteristics of the formation
surrounding each. To maximize the methane recovery from the third well, it
was desirous to produce from as much coal as possibie without running too
high a risk of opening a coalbed that might also open an adjacent water
aquifer. The quality of the coal in each seam was estimated from logs
which were also used to identify the formations above and below each coal-
bed. Particular attention was paid to sandstones with high porosity which
could produce substantial water flows thereby resulting in water containment
problems similar to those encountered at the first two wells. Table 26
shows a summzry of the coalbeds and surrounding formation analysis. Each
of the ten seams selected for completion was perforated using a conventional
perforating gun except for the large 6-foot coalbed which was completed
using the Pengo completion tool.

4.5.4 Comparison of Completion Techniques. A direct comparison
between an open hole completion versus a cased and perforated completion
was planned for the Gilson coalbed at wells No. 1 and No. 2. Even though
the Gilson coalbed at well No. 1 had to be plugged and abandoned some
observations were made. A direct comparison was made between a Pengo

completion system, which closely approximates an open hole completion, and
a cased hole completion on the Sunnyside coalbed found in the first two
wells.
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It is generally considered within the industry that coal can be quite
susceptible to drilling and cement damage. Open hole completions avoid
possible cement damage but can result in other problems such as exposing an
undesirable formation such as was experienced at well No. 1. In order to
eliminate the risks of open hole completions the stratigraphy and exact
location of the coal seams and water aquifers must be known. The experience
with the Pengo completion system supports the belief that severe cement
damage can occur in the coals in the Book Cliffs coal field.

As will be discussed later, a very unsuccessful attempt was made to
stimulate the Sunnyside coalbed in well No. 1. An extremely high fracture
gradient on the coal of over 1.8 psi/ft depth was measured after taking
several actions to confirm that the perforations were open to the coal. By
comparison a fracture gradient on the same Sunnyside coal seam in Well No. 2
located 1800 feet away was approximately 1.2 psi/ft depth. The major
difference between the two wells is thought to be the completion technique.
If is postulated that cement infiltration into the natural cleat systems
may have resulted in the extremely high gradient at the first well that was
not experienced at the second well.

A Pengo completion tool was also used across one of the coal seams at
the third project well. Following the completion and stimulation of 10
coalbeds a gamma ray log was run to identify the presence of radioactive
sand used in the treatment. It was found that 6 of the 10 coalbeds had
accepted the treatment., The zone complieted with the Pengo tool showed the
most clear-cut indication of radioactive sand strictly across the coalbed
of any of the zones treated. Although not conclusive evidence, this also
tends to support the idea that the coals can be sensitive to damage. Also
the fact that four zones in the middle of the interval wouldn't accept any
treatment suggests possible damage from cementing the casing in place. It
is concluded that the Pengo system offers a desirable completion approach
particularly where open hole completion is not possible such as a multiple

zone completion.
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4.6 HYDRAULIC STIMULATION TECHNIQUES

A nitrogen foam treatment was conducted on each of the three wells.
One coalbed was treated at Well No. 1, two seams were treated separately in
Well No. 2, and multiple seams were treated in one stimulation of Well No.
3.

4.6.1 Hydraulic Stimulation of Well No. 2. Well No. 2 was the
first of the three wells to be hydraulically stimulated using a nitrogen
foam treatment. The well had previously been completed open hole across the
13-foot thick Gilson coalbed. The stimulation was conducted in September
1980, following prestimulation testing of gas and water production over a
4-month period. Prior to the treatment the wellbore below the Gilson coal
was filled with sand to within 10 feet of the bottom of the coalbed. About
2 feet of formation above the coalbed but below the casing was also exposed

during the stimulation treatment.

Prior to the stimulation treatment it was decided not to exceed a
bottom hole treatment pressure (BHTP) of 1 psi/ft depth. The Gilson coal
is at an average depth of 2,939 feet which set the BHTP at 2,940 psi. The
design was alsc set to keep the injection rate near 1 bbi/min/ft of coal
thickness. Based on the 13-foot thick Gilson coalbed an injection rate of
15 BPM was set. These limits were established with the objective of con-
taining the fracture within the coalbed. It was planned to terminate the
job when the BHTP T1imit was reached or a sandoff occurred. Since it was
anticipated that a 1imit might be reached early in the job, the plan was
designed to reach higher concentrations of sand early in the treatment.

Following a 5,000 galion foam pad, 5,000 galions of foam containing 1
1b/gal of 10-20 mesh sand were injected. The concentration was then quickly
raised to 1 1b/gal of 10-20 mesh sand and continued until 40,000 gallons of
foam had been injected.

During the entire frac job a very gradual buildup in BHTP was exper-
ienced. The buildup was so gradual that the entire job was completed by
the time the BHTP of 2,400 psi was reached. This allowed 85,000 Tbs of
sand to be injected into the Gilson coalbed. Nitrogen was used to displace
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the frac material from the annulus. Table 27 gives the details of the
treatment of this well and compares it to the other 2 wells.

Particular attention was paid to two areas in designing the frac
procedures: the accurate control of the foam quality and data collection to
analyze the job after completion. The specific steps taken to accomplish
these objectives are Tisted below:

(1) Inject a small amount of nitrogen down tubing and monitor tubing
pressure to give a continuous direct reading of BHTP. Mix foam
and sand at surface and inject down annulus.

(2) Hold the nitrogen rate constant and adjust the water rate to
achieve the desired 75 percent foam quality.

(3) Add 2 percent KC1 to frac water to distinguish the frac water from
formation water during flowback.

(4) Use some radioactive sand throughout treatment to be able to
identify fracture Tocation in the open hole if needed.

(5) Utilize 2 radioactive densimeters on sand/water stream and on
total fluid stream for control and analysis of stream qualities.

(6) Measure flowback after stimulation to determine when all frac
fluids have been recovered.

Much of the success of the stimulation job and the lack of pressure
buildup problems can be attributed to the excellent control of foam quality.
Adjustments to maintain quality were easily made by controlling the water
rate rather than the nitrogen rate. A set of curves was developed prior to
the job to relate the water rate required to give 75 percent gquality foam
at the measured tubing pressure for a constant nitrogen rate. Water rate
adjustments were made in seconds without burdensome calculations being

necessary.

Flowback of the well was started as soon as the Halliburton pumping
equipment was disassembled., It was planned to flow through a choke valve
and then a field separator equipped with both gas and water meters. The
gas flow would then pass through a blowdown line with a critical flow
prover and discharge to a pit. The critical flow prover would give a
second measurement of gas rates. The water stream off the separator would
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go back to the gauged frac fluid tank to measure total fluid recovery. A
van-mounted gas chromatograph was brought to the Tocation to continuously
analyze the composition of the flowback gases.

After an initial flowback of a half hour, some proppant sand began to
be 1ifted out of the well. Within a short period of time the sand cut out
the choke valve and sand began to accumulate in the separator. For the
remainder of the flowback the separator was bypassed, and the stream was
diverted directly to the blowdown pit. A %i-inch choke nipple was placed in
the end of the blowdown line to 1limit the rate of flowback. Unfortunately
only estimated flow rates could be made by using this system. During the
initial flowback a considerable amount of foam was produced to the pit.
The foam may have been reformed in the choke at the wellhead. However,
since sand was produced with this foam it is possible that the foam did not
completely break down. Less than the 7 gallons of foaming agent per 100
gallons of water that were used for this Jjob was used on the subsequent

treatments.

During the initial stages of flowback large chunks of coal {(4"x3"x3")
and a few pieces of rock were returned with the fluids. The size and
number of coal chunks indicated that the fracture had entered the coalbed.
These large particles caused the flowback line to become plugged frequently
in the initial stages. Plug give became less frequent as the flowback
continued. The total flowback lasted for approximately 18 hours until the
formation water built up in the wellbore and killed the gas flow. Initially
no methane was produced with the flowback but the methane content gradually
increased to a wmaximum of 14 percent during the final hours. Average
flowback rate was estimated at 3 - 400 Mcfd.

In June 1982, a second treatment on the Gilson coalbed was conducted.
Because of a significant decline in the gas production rates from Well No. 2
while the water production was remaining constant, it was postulated that a
wellbore restriction due to an accumulation of "fines" was not allowing the
coal water saturation to be Towered. A short retreatment using gelled water
was conducted. This treatment was designed to open the formation and give a
dense sand concentration packed near the wellbore. The stimulation was
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completed as planned using 5700 gallons of fluid to carry 7800 1bs. of sand
into the Gilson coal seam. No complications were experienced in completing
the job, however, to date no significant improvement in production has

occurred.

A hydraulic stimulation of the Sunnyside coal seam isolated by the
Pengo system on Well No. 2 was also conducted in June 1982. This treatment
was a duplicate of the nitrogen foam treatment on the same Sunnyside coal in
Well No. 1 which was completed by perforating through casing, and cement.
The direct comparison between the two wells allowed the different completion
techniques used on each well to be compared.

4.6.2 Hydraulic Stimulation of Well No. 1 Because of the
apparent success of the first hydraulic stimulation at Well No. 2, a simi-
far treatment was planned for Well No. 1. The coalbed being treated in
this well was a 6-foot thick Sunnyside coal at a depth of 2,882 feet in a
cased hole which was initially perforated with conventional perforating
guns. An injection test was conducted to determine whether the perforations
were completely open. A pressure of 2,000 psig was measured while pumping
water at a rate of 3.3 BPM. Although this was a higher pressure than was
expected, it wes concluded that sufficient perforations were open to proceed
with the stimulation treatment.

The first attempt to stimulate the well was conducted by maintaining a
column of nitrogen in the tubing and pumping the treatment fluid and sand
down the annulus. The annulus pressure limitation was 3,500 psig. Prior
to the actual treatment, another injection test was conducted. Water was
again pumped down the annulus but at higher rates up to 8.8 BPM. The
surface pressure was 2,550 psig.

The stimulation treatment was begun by pumping water at a rate of 2.5
BPM. Sufficient nitrogen was added to generate a 75 percent quality foam
pumped at a rate of 10 BPM. During a 6-minute period after the foam was
first generated, the annulus injection pressure increased to the 1imit of
3,500 psig. No break in the formation was observed. The nitrogen injection
was stopped and the treatment restarted with water but at a reduced rate of
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1.5 BPM, The pressure declined to 3,100 psig and then began to increase
gradually during the 1.5 BPM injection rate. The casing pressure limitation
was again reached after a 9-minute injection period and the pumping was
discontinued. It was decided the casing and casing Tiner should be reperfo-
rated. A Halliburton Hydra-jet cutting tool was used to cut 4 vertical
5-foot high slots into the coalbed. This perforation method was selected
because the cuttings are circulated to the surface and can be monitored to
assure that both the casing and césing liner were perforated and that the

slots were open to the coalbed.

The tubing string was measured three times to make sure of the correct
positioning of the Hydra-jet tool adjacent to the Sunnyside coalbed.
Cutting was started and held in the same location until coal cutting were
returned to the surface. The tool was then Towered and raised repeatedly
to slot the liner and casing. Many fragments of cement up to 1"x1"x3" and
smaller pieces of coal were collected at the return flow line. Enough coal
cuttings were collected to verify that a Targe surface area was open to the
coalbed.  The hole was circulated with 80 bbl of Z percent KC1 water to
clean out the cutting sand and cutting fragments.

A series of injection tests was then performed by pumping 14 bbl of 2
percent KC1 water at rates from 2 to 5 BPM at pressures from 3,200 to 3,500
psig. Initially the formation would only accept a 2.5 BPM pumping rate
before the casing pressure 1imit of 3,500 psig was reached. However, the
last injection test was at 5 BPM with the 3,500 psig limitation. Each time
the rate was increased, the pressure increased only slightly, Several
small pressure drops occurred as the injection rate was being held constant.
This work indicated that the slots were open but that pressures greater
than 3,500 psig would be required to successfully stimulate the formation.

It was decided that a nitrogen-foam stimulation down the tubing with a
packer set just above the casing liner would allow pumping pressures high
enough to successfully stimulate the coalbed. The pumping limit could be
raised from the 3,500 psig casing 1imit to a tubing pressure limit of 7,500
psig. The treatment design was modified and rescheduled.
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The entire treatment fluid was to be pumped down the tubing. A packer
was placed to seal off the annular space above the casing liner. The job
was initiated by pumping at a rate of 10 BPM of foam. The tubing pressure
roce rapidly for the first 4 minutes of pumping and started to level off.
When the tubing pressure at the surface reached 6500 psig the formation
appeared to "break" and the pressure began to decline at about the same
rate that it had risen. After 4 minutes the pressure leveled out between
4,200 and 4,400 psig with only minor fluctuations during the next 18 minute
period that the formation was receiving no sand. A total foam pad of
10,000 gallons was used. The first stage consisted of adding 10/20 mesh
sand to the foam at 1 1b/gal of foam. As soon as the sand reached the
formation the tubing pressure began to increase. As the first stage was
nearing completion, about 8 minutes after the sand reached the formation,
the pressure had built to 6,400 psig. The sand concentration was maintained
at 1 1b/gal of foam rather than increasing it as scheduled. Within 1
minute the pressure suddenly rose to the 7,500 psig 1imit and pumping was
stopped. The sudden rise in pressure indicated a "sand off" had occurred.
An attemptlwas made to restart the treatment but this was unsuccessful. A
total of 6,000 1bs. of sand was pumped but only 3,300 to 3,500 1bs. entered
the formation.

Flowback of the well was started after the Halliburton equipment was
moved off the location. Very Tittie flowback of gas or water was received
and the well was dead within 5 hours. A Mountain Fuel Supply gas chromato-
graph was used on site to analyze the flowback gases. During this short
flowback period, methane concentrations up to 5 percent were measured.

During the stimulation treatment a small amount of radicactive sand
was used so the sand could be traced. The well was cleaned out and a hard
plug of packed sand was removed from the well. After breaking the packed
sand, the well began to flow small amounts of gas and water. A gamma ray
log was run. This Tog clearly showed the radiocactive sand to be located
only in the center of the perforated Sunnyside coalbed.

The pressures required to "break" the formation represent an extremely
high fracture gradient in excess of 1.8 psi/ft depth. The data indicate
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that the perforations were open to the coal and that the treatment went
into the coalbed. However, it is believed that infiltration and damage to
the coalbed, is the cause of this high gradient and not the result of the
coal characteristics.

4.6.3 Hydraulic Stimulation of Well No. 3 The  hydraulic
stimulation selected for Well No. 3 was a nitrogen foam treatment similar to
those for the first two wells. However, the specific design was modified
because more total coal was treated in multiple, relatively thin seams

located over a 370-foot interval. Some concern existed that the treatment
fluids might not penetrate all the zones over this wide interval. This
concern was based on the drastically different responses experienced with

the first two wells.

Two main problems were considered in developing the plan to stimulate
this well: (1) assuring that the treatment extended into all or most of
these small coalbeds; and (2) keeping the frac fluids from propagating out
of the coalbeds. It would be possible to assure that all the coal zones
are treated either by perforating each individually or by using packers to
isolate each zone for treatment. However, both of these approaches would
be very costly, since each zone would have to be flowed back prior to
moving the packers and treating another zone. It was determined that all
zones would be treated simultaneously with a pretreatment breakdown using
ball sealers. During the breakdown, ball sealers were dropped in an attempt
to seal off the zones. Enough balls were dropped to seal all the perfora-
tions, plus 100 percent excess. Theoretically, if all the perforations
could be sealed during the treatment, fluid would be diverted into each
zone and a fracture or breakdown would be started into each coalbed. During
this treatment stage it was evident from changes in treatment pressure that
many perforations were being sealed. However, & complete "ball off" was
not achieved before this stage was finished. Even though all the coalbeds
were expected to break down at about the same pressure, the stimulation was
completed in stages to divert the treatment into more zones. To minimize
the chance of fracturing out of the coal zones, the pumping rate was kept
as low as possiblie without running too high a risk of sanding off due to 10
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BPM, but it was necessary to reduce the rate to 7 BPM in order to complete
the treatment.

Some problems were experienced in controlling the foam quality. At
one point the foam quality neared the unstable point of 85 percent quality
foam. However, the sand carrying capability of the foam was maintained. A
final stage was planned to inject fluid with sand concentration of 3 Tb/gal
of foam. This would more heavily load the fracture paths near the wellbore
where a good sand pack 1is most important. However, when this stage was
scheduled to begin, the surface treating pressure was within 500 psi of the
tubing pressure Timitation. To avoid running further risks of sanding off,
the final stage was deleted and the treatment fluids were flushed to the
perforations with nitrogen. The total treatment used about 45,000 gallons
of nitrogen foam to pack 66,900 1bs of 20-40 mesh sand into the formation.

The idinstantaneous shutdown pressure following treatment was 2,200
psig. The pressure declined to 1,630 psig 3 hours Tater when the well was
shut in for the night. The next morning the wellhead pressure had declined
to 1,300 psig. A gamma ray log was run to identify the presence of radio-
active sand in the coalbeds thereby indicating which coalbeds had received
treatment fluids. A high level of radioactivity was detected in 6 of the
10 coalbeds opened to completion. The log very clearly showed that the 4
middle coalbeds at depths from 3,730 to 3,804 feet received no treatment
fluids. The maximum treatment pressure on these 4 coalbeds represents a
gradient of approximately 0.8 psi/ft depth. The log also showed that the
clearest indication of radioactive sand (in the coalbed only and not extend-
ing into surrounding formations) was in the coalbed jsolated by the Pengo

completion tool.

4.7 PRODUCTION AND MONITORING PROBLEMS

Numerous problems were encountered during the course of this demonstra-
tion project and most were resolved. Many were the result of the severe
weather conditions which prevail in the Book Cliffs area while others
stemmed from the specific location and the previously unknown character-

istics of these coalbeds,
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4.7.1 MWater Containment. The most dominant problem experienced
at all three project wells was that of water containment. The specific
problems have been discussed under the description of the drilling and
completion progress. Delays and excessive costs can be the natural result
of drilling into a virgin area. Once the stratigraphy of an area is well
known the drilling and completion techniques can be revised to control or
avoid such® things as water aquifers, faulted areas, and water bearing

formations.

The sizing of pumping equipment and monitoring facilities is dependant
on water production rates. If these rates are unknown influx measurements
or swab tests should be conducted before sizing the equipment. Production
rates should also be expected to drastically increase following a successful
hydraulic stimulation. The magnitude of the increase depends on the success
of the treatment. It was also found in the case of the second well that
water production can vary dramatically with a type of seasonal variation.

After the stimulation of Well No. 2 the pumping equipment demonstrated
to have sufficient capacity to dewater this well. However, over a l-month
period during the winter of 1980-81 the water influx rate more than doubled
going from 5 GPM to over 13 GPM. The water influx rate peaked at this
point in time and gradually decreased over the next 6 months to approxi-
mately 7 GPM, Because of this unexpected fluctuation in water production,
the pumping equipment had to be redesigned and a more expensive system
installed with a very wide operating range. The required operating range
was achjeved by installing a submersible pump controlled by a variable
speed drive. This controller is able to vary the pump rpm's by controlling
the frequency of the electric current.

4.7.2 Pump Wear. During the early operation of the sucker rod
pumps at both of the first two wells a severe wearing problem was discovered.
A deviated hole ruined most of the rod string in Well No. 2 within the first
month of operation. In this short time several couplings had been worn
until the rods parted and had to be fished from the well. The start of
similar wear at Well No. 1 was halted prior to the rods becoming damaged.
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The problem was corrected by using teflon rod guides placed next to each
collar to protect the collars from wear.

Solids in the pumping equipment also caused wear. Some coal particles,
very little coal fines, and large amounts of frac sand were the source of
wear. Both the sucker rod pumps and the submersible pumps used on the
project were damaged due to sand getting into the pump. This was resolved
at Well No. 2 by building a wire screen over the pump intake on the submers-
ible pump. Mountain Fuel Supply personnel had to design this system since
too tight of a clearance existed between the 4-inch pump and the 5%4-inch
casing to use a prefabricated screen section. To build the screen, eight
1/8-inch rods were spot welded to the outside of the pump casing as support
for the screen. A 25-mesh stainless steel screen was then wrapped tightly
over the support rods and secured with cable bands. The rods supported the
screen away from the pump housing and increased the effective surface area
through which water could flow into the intake. A 40-mesh screen was on
the third well because smaller frac sand was used in the hydraulic stimula-
tion. Several rub buttons were placed above and below the screen section
and found to be very dimportant in centralizing the pump in the well.
Without the rub buttons it was difficult to lower the pump and screen to
the bottom of the well without rubbing and damaging the screen.

The screen on Well No. 2 worked quite well in protecting the submers-
ible pump on which it was used. As of this report, the screen used on a
larger submersible pump at the third well was successful in blocking larger
sand but substantial amounts of sand fines have filtered through the 20/40
mesh frac sand and the 40-mesh screen to reach the pump,

4.7.3 Metering Problems. Metering problems and inaccuracies
have resulted from three sources: solids, water in the gas lines, and
freezing. As mentioned above either coal or sand particles can reach the
water pumping equipment. Small amounts of these particles were able to be
carried to the surface. Positive displacement water meters and gas meters
were used for the project which proved to be susceptible to clogging and
malfunctions caused by these solids. Rotary gas and water meters are very
susceptible because of the close tolerances within the rotating components.
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These types of meters can be adequately protected with an inexpensive
Y-strainer or filter. Strainers with a 40-mesh screen worked well to
protect both gas and water meters.

Water in the gas Tlines was very troublesome for the bellows-type
positive displacement gas meters. As the warm saturated gas is produced to
the surface and cooled in winter, it's ability to carry moisture decreases
and condensation occurs. Filters were not successful in correcting the
problem of condensate collecting in the meter since some cooling and conden-
sation is taking place inside the meter itself. Water accumulates within
this type meter and causes inaccuracies and eventual meter failure. A
positive displacement rotary gas meter proved to work well if protected by
a filter. These meters were installed so that the production gas enters
the top of the meter, passes vertically through the meter and exists the
bottom. Through this arrangement any condensed water falls through the
meter without accumulating.

Freezing of water in both the gas Tines and water lines can be a
problem if the production system isn't designed for freezing conditions.
Figure 32 shows the production and monitoring system developed during the
course of this project. Lines were run underground and slioped to drain
after a shutdown. Above ground equipment and Tines were located in a small
metal building equipped with space heaters to prevent freezing. This
system worked very well even during the most severe weather.

4.8 PRODUCTION RESULTS

Three drastically different results have been observed during the
stimulation treatments and the subsequent production from the three methane

recovery wells.

4.8.1 Whitmore Park Well No. 1 Production. The Gilson coalbed
in this well was not hydraulically stimulated due to the water containment
problems discussed. Only the 6-foot Sunnyside coal seam was stimulated.
As discussed earlier, this coalbed was extremely tight and accepted only a

small amount of stimulation fluids.
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During the initial dewatering of this well with a sucker rod pumping
system only intermittent operation was possible due to equipment problems.
Even with this operation it was obvious that a very small amount of water,
approximately 40 GPD, was being produced. With this small production, the
water level was lowered to below the coalbed and some encouraging shows of
gas were noted. While the well was shut-in each night, pressure buildups
from 40 to 140 psig were measured over a 24-hour period. However, once
continuous operation began only minimal amounts of water and gas were
produced. With only 40 GPD of water being produced, less than one hour per
day of pumping was sufficient to pump off all the water produced during a
24-hour period. The highest gas production measured was 12 Mscfd, but was
not maintained after the first two days of metering this production. Gas
production declined quickly to approximately 1 Mscfd after the first week
and then even further to .1 - .2 Mscfd after the first month. The well was
produced continuously for 65 days until severe winter weather began creating
operational problems. Because of the disappointing production from Whitmore
Park Well No. 1 no further testing was conducted.

4.8.2 Whitmore Park Well No. 2 Production. Dewatering of
Whitmore Park Well No. 2 using a 5 GPM capacity sucker rod pump began in
late March 1980. Several shutdowns occurred during the first 3 weeks of
operation, such that the longest continuous dewatering lasted only 7 days.
The water produced over this period averaged about 60 BPD. The gas produced

was less than 500 scfd. A complete shutdown of the well occurred on
April 15, when the sucker rods parted due to severe wear caused by a devi-
ated wellbore. As soon as the well site became accessible after the spring
run-off the rods were pulled and dewatering continued in June. Prestimula-
tion testing continued for 3 months until the hydraulic stimuliation was
completed in September. During the prestimulation period water production
declined except immediately after a shutdown period when the radius being
drained tended to be recharged towards its initial state. Over this same
period the gas production increased slightly from less than 0.5 Mscfd to
near 1 Mscfd. Fiqure 33 shows the complete production history of this
well.
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The hydraulic stimulation of Well No. 2 gave more encouraging results
than those from Well No. 1. Flowback Tasted for 20 hours and about one
third of the treatment fluids were recovered. All of the treatment fluids
were recovered within a week after dewatering of the well was initiated. A
large increase in both water and gas production resulted following the
stimulation treatment of this well. Figure 33 shows that water production
rates tripled. It also shows that gas production increased over 20 times
and that peak gas production rates from 20 to 30 Mscfd were measured after
the bottom hole pressure (BHP) was reduced from 1,100 to 400 psig. It was
expected that production rates 2 to 3 times higher might be achieved as the
bottom hole pressure in the wellbore was reduced to near zero. However,
because of mechanical pumping problems the reduction in BHP was achieved
very slowly and the anticipated gas production increase did not occur.

Within approximately one month following the stimulation, recurring
problems with the sucker rod pump began. The clutch on the pump motor had
to be replaced three times, and was found to be the result of over working
the pump jack, at too high of a stroke rate. It was later discovered that
the pump efficiency had deteriorated. Excess loading of the pump was done
in an attempt to handle the Targe volume of water being produced.

Four months after the stimulation, the worn sucker rod pump was pulled
from Well No. 2 and replaced. At that time a TV camera was made available
and was used to examine the condition of the open hole. It was observed
that the Gilson coalbed had been fractured but that the fracture extended
above the coalbed to at least the bottom of the casing 2 feet above the
coal. Injection tests completed with the camera in the well also revealed
that most of the fluids were flowing into the zone on top of the coal. It
is possible that the large volume of water being produced into this well
has flowed from the formation above the Gilson coalbed. This observation
was very unexpected since no "break" had been observed during the stimula-
tion treatment and the maximum gradient on the coalbed was less than 0.85
psi/ft depth. The pressure buildup during the entire treatment was very
gradual and was thought to be contained within the coalbed.

In January 1981, when the worn sucker rod pump was replaced, a capacity
of 6.6 GPM was projected to be needed to dewater the second well. The
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capacity of the replacement pump was marginal at 5 GPM. However, after the
pump was replaced the rate of water influx into the well increased dramat-
ically. Projections were made that a pumping rate near 13 GPM would now be
needed to draw the water level down to the coal face. This increase was
apparently due to a seasonal change affecting the ground water. The rate
of water influx was monitored closely for the next 3 months. It was pro-
jected during this time that the water rate had peaked at 13 GPM as shown
in Figure 34. The sucker rod system was no longer adequate to dewater this
well,

In June 1981, a 15 GPM capacity submersible pump and variable speed
drive (VSD) was installed in this well. The VSD was included with the
system to extend the pump life and provide a wider operating range. The
wide operating range was deemed necessary because the seasonal increases
were expected to recur. A electric generator was also installed to provide

power for the pump.

A normal "debugging" period was experienced on the new system while
several operating problems were resolved. The first completely continuous
operation was achieved in late August and early September. As the water
level in the wellbore was drawn down to the coal face gas production rates
from 20 to 30 Mscfd were again measured. A peak rate over 30 Mscfd was
measured. During September through November the pump operation deteriorated
until sufficient data were collected to determine that the pump was wearing
due to coal and sand particles. This conclusion was drawn even though no
particles were ever pumped to the surface.

The pump was pulled and repaired in December 1981, The pump was
reinstalled with a specially built screen section over the pump intake as
has been discussed. The screen on this pump worked very well in protecting
the pump.

As can be seen from the well history in Figure 33, no production is
shown during much of the December-March winter period, and only estimated
water rates were available. Metering inaccuracies and failures resulting
from the cold weather were a major problem during this period. These
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problems and solutions were discussed previously. The problem of water
condensing from the gas and collecting in the gas meters was resolved by
installing a Romet positive displacement rotary gas meter 1in late March
1982. Because the initial production measurements were noticeably higher
then those recorded earlier in the winter, the earlier data is believed to
be understated. The most accurate water and gas production data were
gathered from March through the end of the project in August.

It was observed that the gas production rate declined steadily from
April through June while the water production remained relatively constant.
It was postulated that a blockage caused by the production of coal and sand
“fines" may have reduced the effective permeability at the coal face. A
retreatment of the Gilson coalbed was completed in Tate June in an attempt
to open the formation and place a concentrated sand pack near the wellbore.
Production from the Sunnyside coalbed was also opened and a treatment
conducted on this coal seam. Despite having opened more total coal to
production with these treatments, a decrease in gas production was measured
during July until pumping was stopped on august 4, 1982 because of generator

failure.

A significant and continuous decline in gas production was observed
over the production 1ife of Whitmore Park Well No. 2. This decline is
similar to those reported for isolated wells in studies completed for the
Department of Energy (14). Their studies verified the conclusions of. the
computer simulation work done under Phase I of this project, that single
isolated wells are not able to reduce the coalbed pressure rapidly enough
to yield high gas production rates. Over the intended period of testing
Well No. 2 the water rate remained essentially constant except for the

seasonal fluctuation already discussed.

4.8.3 Whitmore Unit No. 1 Well Production. A 1400 BPD capacity
submersible pump was installed, and dewatering and production of the third

demonstration well commenced in July 1982. A completely revised metering
and production system was installed to accommodate the higher rates of
production expected based on swab testing data.
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Several unforeseen problems caused some inaccuracies in the data. The
type of level control valve originally used on the water retention tank was
unable to provide a tight shutoff so that when the water production ceased
the pressure in the system reduced the water level such that gas was allowed
to bleed through the water meter. This resulted in the water meter readings
being overstated and the gas reading being understated. Some adjustments to
the data have been made. Water production was typically 20 to 30 GPM, but
rates as high as 40 GPM were experienced. Although operation during the
the first ten days was quite intermittent, gas rates as high as 150 Mscfd
were measured. Figure 35 shows these production rates. The submersible
pump was shutdown on the 10th day of operation when coal particles and sand
were found in the water meter filter. The size of these particles gave a
clear indication that the screen built over the pump intake had been damaged

while being installed.

The pump and screen were pulled in August and a new screen was in-
stalled over the pump intake ports. Rub buttons were added to protect the
screen and extra care was taken to assure the screen could be installed
without damage. A 40-mesh screen was wrapped very tightly over the pump
intake and silver soldered at the seam to give an even tighter fitting
screen than had been successfully used at the second well. This screen was
small enough to retain the 20/40 mesh sand used in the stimulation treatment.

The pump was reinstalled and operated through the rest of August.

Very little decline in gas production was measured during the August
period even though the Tevel of production was less than half that measured
in July. During the last days of August the system was again shutdown when
sand was recovered from the water retention tank. Unlike the sand recovered
earlier, this sand was fine enough to pass through the 40-mesh screen. The
sand appeared to be less than a 100-mesh size. Samples of the frac sand
used on this well indicated 5-10 percent of the sand to be of similar
"fines". Attempts to restart the submersible pump indicated it to be
jammed, presumably with this fine sand.

Sand of this size poses some serious operating problems. It is be-
lieved that sand fines are washed from the formation with the high water
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production from this well. Due to the high water velocity they are carried
into to the pump and to the surface.

Several types of alternate pumping systems were examined, none of
which provide a suitable solution to this problem. Submersible and sucker
rod pumps will wear in this sand environment. Manufacturers of Venturi-Jet
pumps claim the sand would not erode their tungsten-carbide nozzle in the
size needed for this application but the system would not be a practical
way of pumping 20-30 GPM of water production. A gas 1ift system would
appear to be a workable. However, no gas source is readily available for
this remote location without incurring excessive costs for gas storage

facilities.

4.8.4 Production Analysis. The Tlevel of water production from
the second and third wells was substantially higher than expected. Water
production from reported wells in Alabama (14) does not exceed 200 BPD
while the production from the third project well averages 700 BPD with a
peak production of 1400 BPD. Coalbeds in this area of the Book Cliffs were
shown to contain relatively high concentrations of methane. Yet only a
very small percentage of the methane in the vicinity of the well was able
to be produced, indicating that significant pressure and water saturation
reductions were not occurring. The high water rates tend to show that

water is being supplied to the formation at approximately the same rate it
is being removed. Therefore, the water saturation is not being reduced and
only a very small area immediate to the wellbore is being drained. Effec-
tive drainage of methane from coalbeds can only be accomplished by reducing
the water saturation of the coal. Reducing the saturation from 80 to 60
percent has been measured to have the effect of drastically increasing the
relative permeability as shown in Figure 36 (15). To produce gas effect-
ively the water saturation must be reduced. Data obtained from this project
indicate that an isolated well may not be effective 1in reducing water
saturation except under special circumstances where the water source to the
coalbed is minimal or restricted.
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4.9 CONCLUSIONS AND RECOMMENDATIONS

During this

demonstration project extended production data were

obtained for the Gilson coalbed in the Book Cliffs coal field. Different
completion techniques, pumping methods, and monitoring schemes were tested

and compared.

Conclusions were drawn based on the experience gained aver

the 3%-year life of this project. The following conclusions and recom-
mendations derived are believed to apply very well to Book Cliffs coalbeds
and may or may not be applicable to methane recovery from coals in other

areas.

4.9.1 Conclusions.

(a)

(b)

(d)

Large volumes of ground water exist in the Whitmore Park
area of the Book Cliffs coal field which severely restrict
and complicate the recovery of methane from these coalbeds.

Fracture containment is necessary for deep coals in the
Book Cliffs in order to minimize water production into the
wellbore. Completion of a given coalbed should be based
on an analysis of the surrounding formations which might

produce excessive water.

At least some of the coals in the areas tested are suscept-
ible to damage caused by either drilling mud or cement
infiltration. A direct comparison to show the effect of
cement on coal was made for the Sunnyside coal between
Wells No. 1 and No. 2. The cement infiltration into the
coal was believed to be the cause of increasing the frac-
ture gradient from 1.2 to over 1.8 psi/ft depth.

Open hole completions or completions using a selective
completion tool (i.e. Pengo system) offer the best chances
of avoiding damage to the coal thereby resulting in a more
productive well. The Pengo system is particularly applic-
able to multiple zone completions where an open hole is

impractical.

The completion method used is very important and may be
the difference between a successful and an unsuccessful
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well., Certain methods may damage the coal and affect
production. Other methods may result in excessive water
production.

(f) Careful attention must be paid to control solids, freezing,
and moisture in gas lines. In most cases filters ahead of
meters and equipment and screens around pump intakes will
control solids. Freezing can be prevented using space
heaters, insulating lines, and providing drainage of lines.
The metering problems caused by moisture condensing in gas
lines can best be resolved by using a positive displacement
rotary gas meter. It must be installed so that moisture
will drain with the vertical flow through the meter.

(g9) Gas production declined rapidly for the isolated wells in
this demonstration project. This observation closely
follows reports on most other isolated methane recovery
wells. In areas with considerable ground water,it may
only be possible to reduce formation pressure and water
saturation in a pattern of wells or in wells located near
a mine or other drainage point.

4,9.2 Recommendations. It is be recommended that further
research be conducted in the following areas to most effectively improve

the technology of methane recovery from coalbeds:

(a) Additional research is needed to determine if methane
recovery can be enhanced by a pattern of wells.

(b) Methods of dewatering these wells should be improved.
Alternative inexpensive methods are needed to handie very

large volumes of water.

(c)  Techniques to contain solids should be refined which
either retain the sand and coal fines in the formation or
allow them to be easily handled throughout the production
and monitoring system.
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INTRODUCTION

The timing of contract and subcontract actions on Mountain Fuel's demon-
stration project for methane recovery from unminable coalbeds has been such
that execution of IGT's subcontract has not yet occurred at the time of writing
of this report. A necessary result is that work performed by IGT and reported

herein 1s less than anticipated in the statement of work for Phase I of IGT's

subcontract.

No problem is anticipated in completing the remaining Phase I activities,
as well as IGT's Phase II tasks such that drilling can commence in the fall of
1979. The Phase I activities reported herein address two considerations judged
to have high significance to identifying the major uncertainties and developing
detailed project plans to effectively address those uncertainties during the
field program. These two considerations are the ratio of gas to water produc-
tion and hydrualic fracture design such that a single propped fracture, rather
than proppant distribution into a multiplicity of cleats, can reasonably be

expected. These considerations are addressed below,

RELATIONSHIP BETWEEN WATER PRODUCTION AND GAS PRODUCTION

This relationship was addressed by utilizing the Intercomp simulator
with inputs that reflect current estimates regarding characteristics of the
target coal seams. Results of four computer simulation rums are provided with
this report. These runs examine the effect of only two parameter variations.
Those variations are shape of the relative permeability curve and size of the

producing reservoir. Details of those simulation runs and conclusions

derived therefrom follow,

Assumed Characteristics

A full listing of input parameters used is provided in Table 1. Values
for many of these parameters were derived from, or are consistent with, those
set forth in Mountain Fuel's original proposal to the Department of Energy

(DOE) and its Phase I report. Parameters in this category are —

® Methane content ® Permeability

® Adsorption isotherm ] Depth

] Porosity ® Water pumping rate.
1
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Table 1, ASSUMPTIONS FOR SIMULATION

Geometry

Seam Shape: Circular with the well in the center

Coal

Radius for B0 acres
for 11,816 acres

Thickness
Depth

Characteristics

Density
Adsorption Isotherm

Original Adsorbed Gas in Place

Mean Particle Radius
Diffusivity

Reservoir Characteristics

Initial Pressure

Coal Compressibility
Porosity

Water 3aturation (S)
Permeability

Relative Permeabilities

Capillary Pressure

Fluid Characteristics

Well

Gas Gravity Relative to Air

Gas Viscosity (pressure dependent)

Water Compressibility
Water Density
Water Viscosity

Parameters

Hydraulic Fracture Length (each wing)

Fracture Conductivity

Water Pumping Rate

Minimum Bottom Hole Pressure

1,053 ft
12,800 ft

10 ft
2,600 ft

1.4 glem3

See Figure 1

8.3 std cm3/g (265 SCF/ton)
1.0 cm

1.0 X 1078 cm?/s

1130 psi

1.0 X 1072 psi™t
3%

1.0 (fraction)
1.0 md

See Figure 2

100 psi for S, < 0.4
< 2 psi for S, > 0.6

0.65
0.0118-0.140 cp
3.0 X 1076 pst~1
65.0 1b/ft>

0.85 cp

500 ft

2085 md-ft

1i4 bbl/day (200 gph)
100 psi
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Assumed coal seam thickness was 10 feet. This is less than the total
thickness of multiple seams to be completed and being considered for economic
analysis by Mountain Fuel. Whether this assumed thickness 1is great enough to
be representative of the anticipated first test of a single seam is open to
question. However, the simulation results can be scaled to different coal seam
thicknesses if the producing rates for both gas and water are scaled propor-

tionally to coal seam thickness.

No information exists regarding values of several essential input para-
meters for the target coal seams. For simulation purposes, values deduced
from prior studies of the Pocohantas and Pittsburgh seams were assumed. The

most significant of such parameters are —

® Initial water saturation

. Relative permeabilities

® Capillary pressure

) Mean ceal particle radius

° Diffusivity for methane in the coal particles.

Prior Intercomp experience in modeling production from coal seams had
revealed that the fraction of water that must be produced before gas becomes
mobile is probably the most sensitive of these assumed parameters. For this
reason, simulation was performed utilizing approximations to the reported
relative permeability curve for both the Pocohantas and the Pittsburgh coals.
The approximations used are shown in Figure 2. These curves are labeled
"Hi Krg" and "Lo Krg'" Note that these curves have the major difference that
permeability to gas reaches 50% of the single phase value after only 137 of
the water is produced for the Hi Krg curve, but that 47% of the water in place
must be produced before 507 of the single phase permeability to gas is reached

in the Lo KTg case.

Although not explicitly tabulated 1n Mountain Fuel publications to date,
the majority of remaining physical parameters for coal, water, and gas reflected

in Table 1 are well-known and available from the literature.

The assumed well paramters are reasonably consistent with prior practice
in hydraulic stimulation of production from coal seams and are reasonably

consistent with Mountain Fuel's Phase I report. The assumed hydraulic fracture
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length of 500 feet for each wing and fracture conductivity of slightly above
2000 md~-ft reflect propping to the distance of 500 feet with multiple layers
of 24~40 sand. The water pumping rate of 200 gph is consistent with current
Mountain Fuel planning, and the minimum bottom hole pressure of 100 psi reflects
a judgment regarding likely pressure when the practical problems of balancing

gas and water production from 2600 feet are taken into account.

Two different areas were assumed for coal seams containing a single well.
The reservoir area of 11,816 acres was arbitrarily chosen to illustrate pro-
duction that could reasonably be expected from a single test well in a large
coal seam. The small reservoir assumption (80 acres) can be regarded as a
potential mode of commercial development of the same large coal seam. Since
no fluid flow is allowed across the boundaries of the assumed coal seam, the
80-acre area is equivalent to assuming that methane from the coal seam is
produced using eight wells per square mile. This parameter variation was
included to illustrate the critically important point that the time dependence
of natural gas production, and therefore the economics of production, will be
dependent upon well spacing and will differ from values observed in a long-

term test of a single test well.

Description of Simulation Results

It is emphasized that the computer simulation results to be described do
not constitute predictions for the upcoming field experiments. Rather, they
only supply a '"feel" for some of the key parameters whose values must be
defined during conduct of the experiments. It is further emphasized that the
results to be presented contain idiosyncracies that are not limitations of
Intercomp's powerful computational tools. Rather, these idiosyncracies are
limitations on quality of input dictated by IGT's decision regarding risk

exposure 1in terms of work performed prior to contract execution.

Figure 3 is a plot of bottom hole pressure, water production, and gas
production versus the logarithm of time for the input parameters set forth in
Table 1, Figure 1, and Figure 2. This simulation assumes the most optimistic
of the two relative permeability curves (Hi Krg) and the large reservoir size
appropriate to simulating results from long-term production of a single well.
With the optimistic relative permeability curve characteristic of Pittsburgh
coal, a modest amount of gas production has already started at the end of

the first day of dewatering at a rate of 200 gph. In 16 days, dewatering
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at that rate reduces bottom hole pressure to the specified minimum of 100 psi,
and a peak gas production rate of 250,000 CF/day is calculated. Calculated
gas production then declines to about 100,000 CF/day at the end of 1 year and
roughly 30,000 CF/day at the end of 10 years. The ratio of produced gas to
produced water appears to be about 2500 CF/bbl of water. For this high ratio,
it is probable that pumping would be required throughout the productive life
of the well. It is very doubtful that gas flow velocity could become high

enough to lift the associated water.

With the exception of the first peak, the oscillations in the gas and
water production shown on Figures 3 through 6 are believed to be the result of
sharp corners in the abbreviated tables used to describe the adsorption iso-
therm, relative permeabilities, and capillary pressure curves. More careful
preparation of input tables using many more points to describe these curves
is expected to result in future simulations providing a monotonic decline in

production rates after the first peak.

Figure 4 differs from Figure 3 only because the more pessimistic relative
permeability behavior reported for Pocohantas coal was used. Since more water
must be produced before pressure reduction is sufficient for desorbed gas to
become mobile, almost a week of pumping is required before any detectable gas
production. Over 40 days of pumping are required to achieve the bottom hole
pressure minimum of 100 psi and the associated first peak in gas production.
Further, that peak is only about 100,000 CF/day, in contrast to 250,000 CF/day
at 16 days for the Hi Krg case. After the peak in gas production, the decline
rate with time 1s similar to Figure 3; however, the produced gas to water ratio
is about 1000 CF/bbl so that continued pumping would clearly be required for

gas production.

Both Figures 3 and 4 suggest that, after 10 years of production, production
rate will be only about 107 to 20% of the initial peak. However, at 10 years
less than 0.47 of adsorbed gas in place has been produced from the large
reservoir. The reason for the large decline in production after producing
only a small fraction of adsorbed gas is that large volumes of water are being
produced from remote portions of the reservoir, but providing minimal pressure
drawdown for desorption of gas. In commercial development, a well spacing

would be chosen such that pressure drawdown and gas desorption were more rapid.

155



1sd ‘3¥NSS3¥d 3TOH WOL108

(s@10® 9T8°IT) ¥IOAYISIY A9V 81y 1 ‘¢ 2an8y4
Vit e el
sAop ‘JWIL
0000l 000 ool ol _
ool
L T RO 1 1 A A I (A I i AN A 1 I I %
- Vv © o 8 8%
o Vv FVeg, 0 svo-=0
002 |— o o RS Vg o — 0§
(o}
= o ° @ <<<<<< v % |
o [
o v
00€ — o a%ag o o o 8o — 00l
a oW VOV v vy
L ag’ o g vy .u
o %0 HILVM
a o %o
8.? — o o o o -3 OO_
0
- ot 0 ]
00§ |— o o —{ 002
» e q o
; |
] (o]
008 |— & —osz
- um:mmmma\\o n
° N
004 |— 00€
[s]
— fo) -
008 |— koonn
006 00%

Aop/199 ‘Y3 LVM Aop/ 4D 000! ‘SY9 :31vH ONIDNAOY¥d

156



1sd ‘3UNSSIYd 3TOH WOLLOE

(s210® 9TQTT) WTOANASHY TOUVI 9% 01 ‘% 2inB14
618020648
sAop ‘IWIL
i
gd\{dlﬂulnwlolo.nw (o}
L oS
&@3 — 001
<<<m<<2<< frmc VUV, Vg iﬁ
o HILVM
00¥ |— —{ 0g}
(o}
- [»] -
§ — o 1 8N
- o] -
009 |— ° —
o 0s2
INSSIUd— ° ]
00L — o — oo¢
(o]
- (o]
O —
o]
008 |— o —{ os¢
o] o o
- .
006

8]0}

‘Y3.Lym *Aop/40 000I ‘SV9 :JLvH INIONA0Yd

Aop/iqq

157



isd ‘3YNSSIHd II0H WOLI08

(s219¢ 0g) WIOAWESIY TIVKS °™M 1H ¢ 2andig

shop ‘IWIL

(o]} _O
T T T
o 0°°%
OO DD
o aoo — 0%
0 o
(o] Q _
B ) s o
00¢ — ﬂ~<< o a — 00l
& Wwywygy ¥V 9V a;w
— o o o, -
o P o
0% — aQ nuunc a db a ® a o —logl
o g c 9 o o D
B nerpen® of o & ©
mqo\\% onW@o o i
008 I— o — ooz
- [o]
o |
008 |— ° —{os2
B umnmmuma\\\oo .
00L — 0 —100¢
(o}
- o —
OOL
008 > OGE

Aoprziqq ‘¥3LvM A0p/4D 000! ‘SVYO :31VH ONIDNAOMd

10

158



isd ‘3¥NSS3I¥d 3T0H WOL108

(S330% (8) WIOQAMISTY TIVKS

0280£06.8 m%BD .NE_.—.
ooo_oo.o_ 000! ool ol |
T L1 e 110 1 0 A B FV P L L A R
o
— 0 —
R °
002 |— 8 B5ag5, ° %%f/mqw |
awm_:w%f og”
s oy i
00g |— w o —
gmﬂggqgcqqfuw\qq vV g.
u o ¥3LVM
00b |— o _
(o}
" o -
006 |— o —
- [s)
o |
[¢]
009 |— ° —
- Junssaud—" %% 7
o
00L |— ° |
o -
OO
008 — o  —i
g
006

wpx 01 ‘9 aan8fy

(o]
0

00!

o1+

Aop/1qq ‘M3ILVM “APP/4D 000! ‘SVO :31VH ONIONOOHd

8

g

e

11



Figure 5 illustrates the dramatic improvement in production environemnt
that could result from optimizing well spacing to provide drawdown and rapid
desorption of gas. The only difference between Figure 3 and Figure 5 is
drainage area for the well. However, 1 year after start of production, the
gas flow rate from the small reservoir is nearly twice that from the large
reservolr, whereas water production rates are essentially identical. After
1 year, pressure is being drawn down throughout the 80-acre reservoir so that
the more favorable gas to water production ratio of about 5000 CF/bbl of water
continues as the reservoir is depleted. 1In 10 years, over 50% of the original
gas in place has been produced and the calculated gas to water ratio is

6400 CF/bbl.

Figure 6 shows the effect upon production from eight wells per square
mile for the pessimistic relative permeability assumption. Comparison with
Figure 4 reveals a less striking effect than the previous comparison of
Figures 3 and 5. However, it is noteworthy that peak gas production occurs
at about 30 days, rather than more than 40 days. Unfortunately, the simulation
in Figure 6 terminates at 2 years, or 730 days. It is anticipated that con-
tinued production would reveal an improvement in gas to water ratio after

2 vears.

Calculated cumulative gas production at various times for the four

simulations is shown in Table 2.

Table 2. CUMULATIVE GAS PRODUCTION

Year
Large Reservoir 1 2 5 10
10° cF
. .7 132.0 230.5
Hi Krg 44,6 67
. 66.0
Lo Krg 18.5 27.2 51.6
Small Reservoir
Hi Krg 54.3 112.2 183.8 221.9
Lo K 19.2 32.5 Not calculated Not calculated

reg
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Conclusions Reached

Great caution must be exercised in drawing conclusions from this small

number of very preliminary computer runs. However, the following conclusions

are probably warranted.

The current Mountain Fuel assumption for economic analyses may well be
appropriate. That assumption is production at a rate of 100,000 CF/day
for the first year followed by a decline of 10% per year for the next

5 years. A significant reservation is that such modest decline would
probably result from less than eight wells per square mile and may be
accompanied by a gas to water production ratio such that production can
be continued for several more years before operating costs exceed revenue.

The poor gas to water ratio revealed in the simulations presented may be
worse than will actually occur. Reasons for this possibility are that
the Kaiser mine in the sunnyside seam is much drier than would occur if
gas to water production ratios were as simulated. Further, project
personnel are aware that core holes drilled by others have unloaded and
produced gas from seams believed similar to the targets for this project.
This could not occur if the seams contained a 1007 water-saturated
porosity of 3%, with no free gas present, as assumed for the computer
simulation. It is IGT's judgment that the reasons for this difference
between simulation results and field observations are probably that

in situ porosity is less than the 3% measured with conventional oil field

core analysis procedures and that the fracture porosity, or adjacent
porous strata, have a gas saturation in excess of the critical value for

finite permeability to free gas.

It is extremely important that the combination of core analysis and field
testing prior to hydraulic fracturing provide improved understanding of

the porosity, water saturation, and relative permeability curves for the
target strata. Since data from mines and exploratory holes suggest that
natural gas production may be possible without stimulation, definitive

data from such production should be vigorously sought. Loading of fracture
porosity adjacent to the wellbore with water by injection testing will
undoubtedly be an appropriate step. However, if natural production is
achieved, it may be appropriate to delay injection testing until definitive
gas production data are obtained.

A substantial number of computer simulations should be performed early in
Phase II. Such simulation efforts should include seeking compatibility
between assumed fractured porosity and fracture permeability in the con-
text of understanding from 2 decades of fractured reservoir work on the
Sprayberry formation and the current exchange between Dr. Lincoln Elkins

and Dr. Todd Doscher regarding compatible fracture porosity and permeability
assumptions for Devonian shale. In addition, the parametric studies

should more accurately reflect the actual coal seam thicknesses

anticipated and consider whether dewatering other than by use of a sucker
rod system with a capacity of 200 gph is appropriate,
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HYDRAULIC FRACTURE DESIGN

IGT personnel have a strong background in research on massive hydraulic
fracturing of tight sandstone reservoilrs to enhance gas recovery. Since some
such sandstones are bounded by coal seams, that research has included considera-
tion of details as to why a few feet of coal provide an effective barrier to

vertical growth of large hydraulic fractures,

In applying that background to proprietary evaluation of hydraulic frac-
turing attempts in anthracite coal, IGT personnel were surprised to observe
that the shut-in pressure at the end of hydraulic fracturing was roughly 1.3
times the pressure due to the weight of overburden. This very high pressure
is surprising because there is a substantial background for the widely held
view that hydraulic fractures are only vertical if the minimum principal stress
that must be overcome for fracture propagation is less than vertical stress

due to the weight of overlying rock.

Since the density of real earth materials is such that the vertical stress
due to weight of overlying rock is very close to 1.0 psi/ft of depth, the
anticipated shut-in pressure after creating a vertical hydraulic fracture is
less than 1.0 »si/ft of depth. If the pressure is close to 1.0 psi/ft of depth,

creation of a horizontal, rather than a vertical, fracture 1is considered probable.

Bureau of Mines Report of Investigations RI 8260, Effects of Hydraulic
Stimulation on Coalbeds and Associated Strata, appears to offer some Insight
into why shut-in pressures are greater than 1.0 psi/ft of depth for operations
in coal seams. That report provides details of hydraulic fracturing and sub-
sequent mineback for one experiment in the Pittsburgh coalbed in Washington
County, Pennsylvania, and a second experiment in the No. b coalbed in Jefferson
County, Illinois. The report contains considerable detail on the hydraulic
fracturing operations performed and on subsequent mineback to determine the

size and shape of created fractures.

For the Pittsburgh coalbed, pressure and flow rate charts recorded during
hydraulic stimulation reveal a surface shut-in pressure of approximately 600 psi
for a hydraulic fracture at a depth of about 590 feet. Adding the additional
pressure due to the column of water from 590 feet to the surface at shut-in
reveals that at the coal horizon the instantaneous shut-in pressure was about

1.45 psi/ft of depth. Subsequent mineback revealed that proppant had been

14
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distributed into a single fracture in the face cleat direction plus multiple
fractures in the butt cleat direction. This is in contrast to the anticipated
single fracture extending a distance of roughly 300 feet in opposite directions
from the wellbore. In addition to multiple proppant paths, propped widths
were greater than anticipated, and the distance of proppant transport was
generally less than 1/10 the value anticipated from design calculations

generally believed valid for oil and gas production.

In contrast, the experiment in the Illinois No. 6 coalbed had a shut-in
pressure of about 1.0 psi/ft at the coalbed depth of 733 feet. Subsequent
mining revealed a single fracture whose direction did not parallel either the
face cleat or the butt cleat direction. Further, fracture width and the
distance of proppant transport were reasonably consistent with expectations

from the design procedures normally used in oil and gas operationms.

The data contained in RI 8260 reveal a high degree of similarity in all
aspects of the two hydraulic fracturing operations, except the correlation
of multiple proppant transport paths with a high shut-in pressure. However,
the report does not contain the data on coalbed porosity, permeability, and
mechanical characteristics that are essential to the detailed search for
understanding of the major differences in the two experiments. Nevertheless,
it is hypothesized that proppant transport along the existing cleat directions
was due to permeability of the Pittsburgh seam being so high that hydraulic
fracturing fluid leaked into the cleat structure in multiple directions before
pressure was high enough to create new fractures im the coal structure. Such
uniform fluid leak-off would then place the hydraulic confining pressure upon
the coal blocks bounded by cleats adjacent to the wellbore. This pressure may
have precluded initiation of fractures in a direction perpendicular to the

minimum principal tectonic stress in the coalbed.

IGT's proposed pursuit of detailed data on hydraulic fracture performance
for these and other experiments has been minimal during Phase I because our
subcontract has not yet been executed. However, it has involved considerable
telephone contact with personnel in DOE, the U.S. Bureau of Mines, and oil
field service companies. Those contacts suggest that analyses of hydraulic
fracturing operations have not been performed by other parties. Further,

they have revealed that Mr. Ray Wenzel of Halliburton's Pittsburgh Office
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specified details of field operations for many of the hydraulic fractures
performed in coal seams, and that Mr. Wenzel would be pleased to make records

from those hydraulic fractures available for analysis.

IGT expects to perform such analyses early in Phase II. It will include
seeking additional data on coal seam properties and resultant gas production
from other parties involved in key experiments so that '‘leak-off' during
fracturing can be calculated. It is anticipated that this analysis will pro-
duce recommendations for pumping rates high enough to address fracturing in

the injection testing to be performed before well stimulation.
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INTRODUCTION

The contract between Mountain Fuel Supply Company (MFS) and the Institute
of Gas Technology (IGT) was executed on June 5, 1979, after approval of con-
tract execution by the Department of Energy (DOE) in a letter dated May 29,
1979. The effective date of the contract is March 1, 1979, and the contract
obligates $35,000 for work performed by IGT during Phases I and II, as defined
in DOE Contract No. DE-AC21-78MC10734 between DOE and MFS. Obligation of
additional funding is a prerequisite to initiation of the field work anti-

cipated in Phase III of this program.

This report covers activity during Phase II through August 20, 1979.
Work performed prior to March 20, 1979, was covered in IGT's previously

submitted Phase I Report.

The work performed is broken into four categories: 1) computer simulation
of production, 2) hydraulic fracture design, 3) preparation for laboratory
analysis, and 4) drilling and testing recommendations. These are discussed
under headings that follow. Planned future activities are discussed in the

final section of this report.

COMPUTER SIMULATION OF PRODUCTION

IGT's Phase I Report contained results of preliminary computer simulation

runs. The four results reported illustrate that —

] Field development with a well spacing of 80 acres or less will provide
more rapid payout and the same 20-year or greater production per well as
a single well in a very large reservoir. This is because a small drainage
area per well is essential for sufficient water production to decrease
reservoir pressure, and thereby permit desorption of a substantial
portion of the natural gas.

® The natural gas production rate and the ratio of produced gas to produced
water are strongly dependent upon the shape of the relative permeability
curve for two-phase flow through the cleats and natural fractures in the
coal seam. For a blocky coal, such as the Pittsburgh seam, other proper-
ties characteristic of the MFS prospect resulted in a peak gas production
rate of less than 100,000 SCF/day and a long-term ratio of produced gas
to produced water of less than 1,000 SCF/bbl. 1In contrast, for a
relative permeability curve characteristic of the friable Pocahontas coal
seam, calculated peak natural gas production rate was about 250,000 SCF/
day, and the long-term ratio of produced gas to produced water was
greater than 2,000 SCF/bbl.
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® For both relative permeability curves, the long-term ratio of produced

gas to produced water is higher for an 80-acre well spacing than for

a single well in a very large reservolr.

The simulation results presented in the Phase I report contain oscilla-
tions in the time~dependence of production that are not representative of
nature. These oscillations were computational artifacts due to the limited

input tables and course zoning selected by IGT for preliminary calculations.

The computer simulation results presented in this report reflect a major
improvement in the quality of the simulation. In contrast to the prior pre-
liminary calculations to obtain a ''feel" for potential production, the results

presented herein are believed to bracket the range of possible production from

Mountain Fuel's first experiment.

The selection of coal reservoir characteristics judged most likely to be
representative of the first Mountain Fuel experiment is described below.
Results are then presented for a more careful simulation of the effects of
well spacing upon producing characteristics starting on page 8. These simu-
lation runs are based upon a 10-foot thickness to facilitate comparison with
the Phase I Report. Results of a base-case simulation for the first experi-
ment start on page 13. Finally, the effect of possible ranges of experimental

parameters 1s investigated.

Selection of Coal Properties

The logic used in selecting specific values for each of the coal reservoir

characteristics required for computer simulation is described below.

Adsorption Isotherm

The adsorption isotherm used was based upon prior MFS considerations
discussed on pages 2.5 and 2.6 of its technical proposal. Those prior consid-
erations used the equation developed by the U.S. Bureau of Mines (USBM) with
empirical constants in the equation pased upon prior USBM studies of Castlegate
coal from the Book Cliffs. After converting to the units required for Inter-

comp simulation, this equation becomes —

v =1.90 p°*37 — 0.00870 P — 0.51 (1)

where —
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P = pressure, atmospheres
V = gas content, standard-cm3/g.

A plot of this equation in relation to gas content measurements by the Utah
Geological and Mineral Survey (UGMS) is shown in Figure 1. This figure is
reproduced from the MFS proposal and MFS Phase I Report,

For computer simulation purposes, the hydrostatic head on the coal seam
was assumed to be 2600 feet. The corresponding reservolr pressure is 1130 psi

or 76.7 atmospheres, and the corresponding methane content is 8.29 cm3/g or

265 SCF/ton.

A plot of the solution of the above equation reflecting the points and

interpolations actually used in the computer simulation is shown in Figure 2.

The assumed reservoir pressure of 1130 psi may be an Achilles' heel for
the projections to be presented. This pressure assumes hydrostatic equilibrium
with a water table 2600 feet above the coal seam. However, coal seams in the
Book Cliffs area do dip downward at a small angle from outcrops on the cliffs.
Furthermore, face cleats in mines are observed to be perpendicular to the
outcrop. Thus, the direction of highest permeability is toward the outcrop.
If the coal seams dip 30, are continuous from the outcrop to a well 3.5 miles
away, and have a hydrostatic head determined by elevation in relation to the
outcrop, the hydrostatic head will be only about 1000 feet, and the reservoir
pressure will be only about 435 psi or 29.5 atmospheres. The isotherm in
Figure 2 reveals that the methane content would be about 5.88 cm3/g, rather
than the 8.3 cm3/g for the assumed pressure of 1130 psi. If the reservoir
pressure is only 435 psi, the methane producible with a minimum bottom-hole
pressure of 100 psi will be cut in half. This is because the isotherm reveals

that residual methane at 100 psi is 3.29 cm3/g.

Alternatively, if the well can be successfully operated with a bottom-
hole pressure of less than 100 psi, methane recovery may be substantially

greater than estimated herein.

Relative Permeability Curves

The starting point in selecting relative permeability curves was the
observation by Mr. Doug Reese, a geologist with Mountain Fuel, that coal mined

from the Book Cliffs 1s reasonably similar to the blocky coal mined from the
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Pittsburgh seam. The coal is definitely not as friable as the Pocohantas

seam, Permeabilities for six samples of Sunnyside seam coal have been

measured in both the "as received" and dried conditions for Mountain Fuel by

an oil field service company laboratory. 1In such laboratories, the confining .
pressure on the coal is normally about 120-140 psi. The measured porosity

and permeability values span more than an order of magnitude, but average

about 3.0% porosity and 1.0 md.

Relative permeability curves for computer simulation were estimated by
using this information to determine relative permeability curves for a similar
sample in the reports from the University of Pittsburgh. The curve selected
for relative permeability to gas is reported for laboratory results for a
Pittsburgh coal seam sample having a permeability of 0.43 md at a 200 psig
confining pressure, and a porosity of 1.11% of bulk volume, This is the only
sample having properties within the range observed for the Book Cliffs seams,
for which relative permeability data have been reported. The curve actually
used for relative permeability to gas is Figure 5 of a paper by Reznik, gg_gi.*
This figure has relative permeability curves for three values of confining

pressure. The curve for the highest reported confining pressure, 1000 psig,

was used.

The actual data points and interpolations used in computer simulation
are shown in Figure 3. The paper by Reznik, et al. reported a value of zero
for relative permeability to gas for fractional water saturations of about
0.76. The finite values used in computer simulation for higher fractional
saturation are below resolution of the experiment, but were found necessary
for computer simulation without excessive cost due to a very large number of
time steps. The gas relative permeability values actually used for water
saturations in the range of 0.8 to 0.9 are so small that they have no signi-

ficant effect upon calculated natural gas production.

Unfortunately, curves showing the relative permeability to water are not
reported by the Pittsburgh group using the same samples as the curves for

relative permeability to gas. The water relative permeability curve actually

*
Reznik, A. A., Dabbous, N, K., Fulton, P. F. and Taber, J. J., "Air-Water
Reletive Permeability Studies of Pittsburgh and Pocahantas Coals," Soc.
Petrol., Eng. J. (1974) December.




used is reported as a calculated-drainage relative permeability to water for
a Pittsburgh coal sample with a gas permeability of 39.1 md at 200 psig and a
water permeability of 110 md at 200 psig. The curve used is in Figure 9 of
the above paper. This particular curve for relative permeability to water
was selected only because the critical fractional water saturation of 0.45 is
physically reasonable in relation to the shape of the previously selected
curve for relative permeability to gas. Actual values and interpolations

used in the computer simulation are shown in Figure 3.

|009 g:: :’8; O CAPILLARY PRESSURE

[ o A RELATIVE PERMEABILITY

0.9 —
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Figure 3. CAPILLARY PRESSURE AND RELATIVE PERMEABILITIES
TO GAS AND TO WATER USED FOR SIMULATION
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Capillary Pressure Curve

Capillary pressure studies on coal also were reported by the Pittsburgh
group.* Unfortunately, it was not possible to correlate reported capillary
pressure curves with the previously selected curve for relative permeability
to gas. Because calculated production is virtually independent of capillary
pressures if the capillary pressures are minimal for finite relative perme-
ability to water, an artificial curve that meets this condition but corrasponds
to an unrealistically low critical water saturation, was arbitrarily chosen.

The points and interpolations used in the computer simulation are shown in

Figure 3.

Effect of Well Spacing Upon Production

These simulation runs differ from those presented in IGT's Phase I Report

in that they —

] Use the coal reservoir parameters described above and illustrated in
Figures 1 through 3.

° Use additional zoning and shorter time steps in the computer problems so
that the spurious oscillations in the Phase I Report did not cccur,

The remaining properties used for simulation are identical to those for the
Phase I Report and are presented in Table 1. For those properties where
Table 1 contains two entries, the first entry was used for these computer

runs. Those entries are a coal thickness of 10 feet and a hydraulic fracture

length (each wing) of 500 feet.

Results of simulation are shown in Figure 4 for a single well in an

11,816~acre reservoir, and in Figure 5 for field development with a well

spacing of 80 acres.

Production histories for the two cases are virtually identical for the
first 2 years. Pumping of water reduces reservoir pressure to the assumed
minimum of 100 psi in 2 weeks. This coincides with start of a long peak in
gas production that averages about 37,000 SCF/day for the next 3 months.
Natural gas production then declines monotonically for both cases, reaching

a value of about 16,000 SCF/day in 2 years.

*
"In Gas-Water Capillary Pressure in Coal at Various Overburden Pressures,"”
Soc. Petrol. Eng. J. (1976) October.




Table 1. PROPERTIES USED FOR SIMULATION

Geometry
Seam Shape: Circular with the well in the center

Coal

Radius for 11,816 acres
for 80 acres

Thickness
Depth

Characteristics

Density

Adsorption Isotherm

Original Adsorbed Gas in Place
Mean Particle Radius

Diffusivity

Reservoir Characteristics

Initial Pressure

Coal Compressibility
Porosity

Water Saturation (Sw)
Permeability

Relative Permeabilities

Capillary Pressure

Fluid Characteristics

Well

Gas Gravity Relative to Air

Gas Viscosity (pressure dependent)
Water Compressibility

Water Density

Water Viscosity

Parameters

Hydraulic Fracture Length (each wing)
Fracture Conductivity
Water Pumping Rate

Minimum Bottom Hole Pressure

12,800 ft
1,053 ft

10 ft;18 ft
3,100 ft

1.4 g/cm3

See Figure 2

8.3 std cm3/g (265 SCF/ton)

1.

1.0 em
0 X 1078 cm?/s

1130 psi

3.0 X 1072 psi~1

3%

1.0 (fraction)
1.0 md

See Figure 3
See Figure 3

0.65

0.0118-0.0140 cp
3.0 X 1076 psi~1

114 bbl/day

65.0 1b/ft3
0.85 cp

500 ft;200 ft
2085 md-ft
(200 gal/hr)
100 psi
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After 2 years, the effect of overall reservoir pressure reduction with
the small well spacing becomes strikingly apparent. For the 80-acre well
spacing, natural gas production rate again begins to increase and reaches a
calculated peak of about 45,000 SCF/day, slightly less than 6 years after
start of production. Flow rate then declines so that at the end of 20 years
almost 190 million SCF of natural gas has been produced. This is 45% of

original adsorbed gas in place.

In contrast, for the single well in a very large reservolr, natural gas
production rate continues to decline after 2 years. Cumulative production
in 20 years 1is only 59 million SCF of natural gas. This is less than 0.17% of
original adsorbed gas in place and is only 31% as much gas as would be
produced in the same time from each well if the reservoilr were produced on an

80-acre spacing.

Still smaller well spacing would —

) Cause the peak due to overall reservoir production to start earlier in
time so that the production rate between 1 and 4 years would be much
higher;

° Provide more rapid reservoilr depletion; and

° Increase percent of original gas in place recovered for a project life

of 20 years.

Cumulative gas production at various times for these two cases are
presented in Table 2. This table also summarizes the variation in produced
ratio of gas to water for various time intervals. Note that the increase in
gas production as reservoir pressure is reduced with an 80-acre spacing is
accompanied by an increase in the ratio of produced gas to produced water
that may be sufficient for well operation without pumping. In contrast, the
ratio of produced gas to produced water deteriorates throughout the life of a
single well in a large reservoir. Thus, pumplng would probably be essential

to maintain production at all times during the life of this single well,

Base Case for the First Experiment

Input parameters for the computer simulation to calculate the expected
performance on the first test of a single coal seam are set forth in Table 1.
For those parameters where two values are listed, the base case parameters are

the second numbers. These are a coal seam thickness of 18 feet and an

12



assumed propped length for the hydraulic fracture of 200 feet.

This propped

length is much shorter than service companies would calculate for a foam

fracture treatment of 50,000 gallons.

However, it 1s consistent with the

propped length for the short, fat propped fractures actually revealed by

minebacks after foam fracture treatments.

It is also consistent with propped

lengths from the United States Steel (USS) minebacks, which revealed widths

reasonably consistent with expectations from service comapny design calculations.

IGT's interpretation of the reports, however, is that the fractures diverted

out of the coal seam in a distance of roughly 200 feet.

Time

® NN R oW R

10
12
14
16
18
20

Gas~to-Water Ratio:

20 Years

First 2 Years (avg)
Remaining 18 Years (avg)
Last 10 Years (avg)

Month
Months
Year
Years
Years
Years
Years
Years
Years
Years
Years
Years

Years

(avg)

Table 2.

80 acres/well

Gas, Water,

10% scF 1000 bb1
.84 2.72

.1 5.68
10.7 13.97
17.4 21.87
29.0 34.17
47.8 43.09
76.3 49.10
108. 3 52.86
134.2 55.24
153.5 56.87
168.5 58.01
180.1 59.07
189.5 59.85

80 acres/well,
1000 SCF/bbl

CUMULATIVE PRODUCTION

11,816 acres/well

3.03
0.80
4.53
11.62

13

Gas, Water,
106 SCF 1000 bbl
0.86 2.81
3.3 5.86
10.8 14.50
16.7 22.92
24.1 36.80
30.2 48.98
35.7 60.14
40.6 70.92
45.0 81.41
48.9 91.71
52.5 101.80
55.8 111.80
59.1 121.60

11,816 acres/well,
1000 SCF/bbl

0.486
0.73
0.43
0.365
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The time dependence of bottom hole pressure, water flow rate, and natural

gas flow rates for the base case is shown in Figure 6.

For the first 13.5 days, water production rate will be the assumed 114
bbl/day capacity of the pumping system. At that time, pumping is calculated
to have reduced reservoir pressure to the assumed minimum of 100 psi. Peak
natural gas production occurs at this same time. After this peak, both water
and natural gas production are projected to decline monotonically with time
for the assumed single well in a very large reservoir. Since the ratio of
gas production to water production never becomes as high as 1000 SCF/bbl, and
the natural gas production rate is less than 50,000 SCF/day, it is doubtful
whether the flowing gas stream would ever 1ift produced water from the well
bore. Whenever water pumping is stopped, the well would probably load with
water, so gas desorption and production would terminate due to bottom-hole

pressure buildup.

Calculated production rates and cumulative production for both gas and

water for various times during the well life are presented in Table 3.
Table 3. BASE CASE PRODUCTION

Peak Gas: 56,400 SCF/day at 13.5 days

Gas Production Water Production
Rate, Cumulative, Rate, Cumulative,

Time 1000 SCF/day 106 scF bbl/day 1000 bbl
13.5 days 56.4 0.3 109.0 1.45
2 months 32.8 2.1 54,0 4.50
5 months 26.0 4.7 38.0 8.40
1 year 19.2 9.2 29.6 15.30
2 years 13.2 14.4 26.0 25.10
5 years 6.8 23.2 23.6 52.00
10 years 6.0 34.4 21.2 92.40
20 years 5.2 56.0 18.8 163.00

It should be emphasized that this base case calculation is not an
appropriate basis for economic assessment of investment decisions. It is
only useful in relation to field experiment design. In turn, results of such
field experiments must be utilized to perform computer simulations of the effect

of well spacing to provide a basis for economic analysis. Such computer
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studies would define the optimum well spacing to achieve the peak in gas
production and dramatic improvement in ratio of produced gas to produced

water previously illustrated by the comparison of Figures 4 and 5.

This base case projection has made maximum utilization of existing
information to select the values of parameters listed in Table 1. However,
it is emphasized that actual site-specific data are minimal. To investigate
the credible range of departures from this calculation for the first experi-
ment, a series of computer simulations were run. The variation of values for

specific critical parameters and the resultant effect upon possible production

are discussed below.

Reservoir Parameter Variations

Computer simulations reported in IGT's Phase I Report revealed that the
difference in average shapes of relative permeability curves from the
Pittsburgh and Pocohantas seams could cause variation by a factor of three in
natural gas production and in the ratio of produced gas to produced water.
As previously discussed, the relative permeability curves selected for this
base case study are based upon laboratory studies of Pittsburgh coal and
are therefore at the pessimistic end of the range presented in the previous
report, Furthar variation of this parameter has not been undertaken due to
the complete lack of information and the questionable validity of the laboratory

studies that have been performed.

The validity of publicly reported relative permeability curves is
questionable because the laboratory work has been done only on coal samples
with sufficient integrity to survive the machining required for the laboratory
measurements. IGT has found no data in which the larger cleats known to exist
in nature have existed in samples actually studied in the laboratory. These

cleats could substantially change the shapes of relative permeability curves.

The parametric variations that have been performed are discussed below.
The varilations are fracture length, porosity, permeability, and, for high

permeabilities, water pumping rate.

Variation of Fracture Length .

Fracture lengths of 100, 200, and 500 feet were used in computer simulation.
The 200-foot length is the base case. Resultant calculated production of gas

and water is summarized in Table 4. Graphs of production curves are not
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provided herewith because overall shape will be very similar to those shown

in Figures 4 and 6. Times for the gas production peaks that correspond to
reducing bottom-hole pressure to the assumed minimum of 100 psi and associated
peak production are included in the table. Logarithmically spaced tabulated
values of production rates for gas and water can be used to approximate such

curves if the reader so desires.

With all other parameters equal to their base case values, the timé to
reduce bottom hole pressure to 100 psi and achieve peak gas production depends
strongly upon fracture length. Calculated time varies from 3.9 days for a
100-foot fracture length (each wing) to about 59 days for a 500-foot fracture
length. Peak natural gas production is less sensitive to fracture length.
Calculated values range from 37,200 SCF/day for a 100-foot length to 82,000
SCF/day for a 500-foot fracture length.

Calculated production rates 1 year after fracturing provide a crude basis
for considering the effect of fracture length upon production economics.
Estimated cumulative production for the base case (200-foot fracture length)
is 9.2 million SCF after 1 year. If the fracture length is only 100 feet,
cumulative production is expected to be slightly more than half this value.

A fracture length of 500 feet nearly doubles cumulative production at the end
of the first year. Thus, it is very important that means be sought to achieve
propped fracture lengths approaching those predicted with conventional oil and
gas field fracture design procedures. Further economic benefit from a large
fracture length is apparent when one recognizes that at the end of 1 year,

the produced gas to water ratio would be about 425 SCF/bbl for a 100-foot
fracture, but about 810 SCF/bbl for a 500-foot fracture. In both cases,
continued pumping would be required to sustain gas production. However, the
fraction of produced gas required for pump horsepower would be much less for

a long, narrow fracture than for a short, fat fracture

Interestingly, although not particularly relevant to economics because a
close well undoubtedly would be used for field development, the production
advantage with a long fracture continues for the 10 years calculated. Both
production rate and cumulative production at the end of 10 years would be
more than twice as great as the base case (200-foot fracture) if the fracture
of 500 feet is achieved. However, for all fracture lengths with a single well

in a very large reservoir, the long-term ratio of produced gas to produced

18



water deteriorates. In the tenth year for a 100-foot fracture, the calculated
ratio is 220 SCF/bbl, and for a 500-foot fracture, the calculated ratio
decreases to 450 SCF/bbl.

Variation of Porosity

Porosity values of 1%, 2%, 37, and 5% were examined with computer simu-

lation. The base case porosity is 3%. Resultant calculated production of gas

and water is summarized in Table 5.

For the assumed pumping rate of 114 bbl/day, the time to reach minimum
bottom hole pressure of 100 psi and achieve peak gas production is calculated
to vary from 4.2 days for a porosity of 1% tc 20.4 days for a porosity of 5%.
These times are all within a reasonable range for a field experiment. Asso-
ciated peak gas production 1s greatest for the smallest porosity (1%). Calcu-
lated peak production rate at 4.32 days is 99,000 SCF/day. In contrast, if
porosity 1is as great as 5%, a peak production rate of about 37,000 SCF/day is

expected 3 weeks after beginning continuous pumping.

Assuming cumulative production at 1 year has a rough correlation with
economics for a close well spacing, the computer simulations reveal that a
low porosity is most desirable. However, the sensitivity is not as great as
sensitivity to fracture length. The range of variation is 15.4 million SCF at
1 year for a porosity of 1% to 7.1 million SCF for a porosity of 5%. Low:
porosity is accompanied by an advantage in the ratio of produced gas to produced
water. For a porosity of 1%, the ratio of 1 year is calculated to be about
1230 SCF/bbl, 1In contrast, for the base case (3% porosity), the ratio at
1 year is only 650 SCF/bbl, and for a porosity of 5% the ratio is down to
400 SCF/bbl.

The effect of porosity upon long-term production from a single well in a
large reservoir is speculative. This is because still finer zoning for the
computation and greatly increased computation cost would be required to avoid
computational artifacts in the form of oscillation production for the low
porosity cases. 'The increase in gas production rate in Table 5 from 15,200
SCF/day at 2 years to 17,100 SCF/day at 5 years for a porosity of 17 is believed
due to computational deficiencies. The same is true for the calculated increase
between 5 years and 10 years for a porosity of 2%. Nevertheless, it is

apparent that the long~term deterioration in the ratio of produced gas to
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produced water is less severe for lower porosities. For example, the calculated
ratio of produced gas to produced water for the base case (3% porosity) is

280 SCF/bbl at 10 years. In contrast, for a porosity of 5%, the calculated
value of that ratio has deteriorated to 170 SCF/bbl.

Variation of Permeability

Permeability values of 0.2, 1.0, and 5.0 md were used for computer
simulation with 1.0 md as the base case. Resultant gas and water production

is summarized in Table ‘6.

The time required for a pumping rate of 114 bbl/day to reduce bottom-
hole pressure to 100 psil depends strongly on permeability. It varies from
2.64 days for a permeability of 0.2 md to 186 days, or 6 months, for a perme-
ability of 5.0 md. It is apparent that if effective permeability, including
the effect of cleats that have not been included in laboratory studies, is as
great as 5.0 md, a higher pumping rate will be required for a field experiment
to observe peak gas production in reasonable time. However, the anticipated
peak natural gas production rate is almost independent of permeability. The
calculated ﬁeak rate of 56,000 SCF/day at 2 weeks for the base case is greater
than both the calculated peak rate of 36,000 SCF/day at 3 days for 0.2 md and
the peak of 48,000 SCF/day at 186 days for 5.0 md.

Assuming a rough correlation with economics for field development with
optimal and cumulativé production for 1 year, high permeability is clearly
desirable: For the base case permeability of 1.0 md, the l-year cumulative
production of 9.2 million SCF is more than twice the 4.5 million SCF calculated
at that time for a permeability of 0.2 md. A permeability as high as 5.0 md
has a less dramatic effect. Calculated l-year production is 13.5 million SCF
in contrast to l-year production of 9.2 million SCF for the base case perme-
ability of 1.0 md. The gas production advantage of high permeability is
somewhat offset by the pore ratio of produced gas to produced water. In 1 year,
the calculated ratio is 800 SCF/bbl for a permeability of 0.2 md, but only
400 SCF/bbl for a permeability of 5.0 md. Thus, the higher permeabilities

would require a larger proportion of the produced gas energy for pumping water.

For a permeability of 0.2 md, production after 5 years was not calculated
due to computational artifacts causing oscillations, as previously discussed

for the variations involving low porosity. However, the 1.0 md and 5.0 md
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columns of Table 6 reveal that high permeability has a greater long-term
advantage in gas production than was apparent at 1 year. In the 10-20 year
period, cumulative production for 5.0 md is more than 2.5 times as great as
for the base case of 1.0 md, In contrast to being only 50% greater at 1 year.
This advantage has minimal cost in relation to fraction of produced energy
required for water pumping. For the base case, the calculated produced ratio
of gas to water at 10 years is 280 SCF/bbl and for a permeability of 5.0 md,
the calculated ratio is 210 SCF/bbl at the same time.

Variations for Permeability to Gas Greater than to Water

All computer simulations previously covered in this report and IGT's
Phase I Report have assumed that the single-phase permeability of coal to
gas is identical to the single-phase permeability of coal to water. However,
the laboratory research reported from the University of Pittsburgh reveals
that, for high confining stress, observed permeability to water is less than
observed permeability to gas for all coal samples studied. Because the
maximum confining pressure reported was only 1600 psi whereas substantially
higher pressures are expected at the 3000-foot depth of the MFS experiments,
permeability to gas may well exceed permeability to water. This effect was
examined in two computer simulation runs for which the permeability to gas

was three times the permeability to water.

Table 7 presents results of the base case plus a simulation run using A
3.0 md for gas permeability and 1.0 md for water permeability plus a computer
simulation run using 15 md for gas permeability and 5.0 md for water perme-
ability. Comparison of the base case with the variation in which gas perme-
ability was increased to 3.0 md but water permeability remained at the base
case value of 1.0 md reveals little change in the time or magnitude of peak
gas production. However, when gas and water permeabilities are increased
by a factor of 5.0 to 15 md for gas and 5.0 for water, the time of peak
production is increased from 2 weeks to about 6 months. Thus, as with the
previous permeability variation where both gas and water permeability were
assumed to be 5.0 md, a pumping rate greater than 114 bbl/day is required

to observe the peak gas production in a reasonable time,

Using l-year cumulative production as a crude indication of relative
economics revealed that if gas permeability is 3 times the base case value

(or 3.0 md) but water permeability is unchanged (1.0 md), gas production is
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increased by about 27%. The ratio of produced gas to water after the first
year correspondingly improves from 650 SCF/bbl to 750 SCF/bbl for gas and
water permeabilities of 15 md and 5.0 md, respectively, cumulative gas pro-
duction during the first year is 15.2 million SCF or 65% greater than the
base case where both permeabilities are 1 md. However, the ratio of produced

gas to water is only 430 SCF/bbl at the end of the first year.

During the tenth year of production from a single well in a large reservoir,
the advantage of permeability to gas three times the permeability to water
is slightly greater than at 1 year. However, the variations in 10-year
produced gas to water ratio are not of major significance. For the base case,
that ratio is 280 SCF/bbl in the tenth year. With gas permeability increased
to 3.0 md, the ratio improves to 430 SCF/bbl. However, for the higher perme-
abilities of 15 md to gas and 5.0 md to water, the tenth year produced ratio
of gas to water is back down to 310 SCF/bbl.

Variation of Pumping Rate for High Permeability

The two previous parameter variations involving a permeability to water
of 5.0 md both resulted in a time of roughly 6 months to draw well-bore
pressure down to 100 psi and achieve maximum natural gas production when the
pumping rate was 114 bbl/day. Because this is an unreasonably long time for
a field experiment, the effect on these two cases of increasing pumping rate
to 200 bbl/day (approximate maximum rate for sucker rods) was examined. Com-—
puter simulation results are set forth in Table 8 for the two cases of gas and
water permeability both equal to 5.0 md and gas permeability equal to 15 md

with water permeability held at 5.0 md.

For both cases, the time to observe peak gas production was reduced to
a reasonable value for a field experiment. However, it is interesting to note
that the time to peak gas production is only 15 days when gas permeability is
three times the water permeability of 5.0 md, but is calculated to be greater
than 36 days if the gas and water permeability are both equal to 5.0 md.

Table 8 reveals that variation in pumping rate has no significant effect
upon production of gas or water after sufficient pumping to reduce reservoir
pressure to the assumed 100 psi. The significance of high pumping is only
in time required to achieve drawdown during a single well field experiment.
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HYDRAULIC FRACTURE DESIGN

IGT's Phase I Report included a discussion of two hydraulic fracturing
experiments reported in a USBM report.* We observed that the reported experi-
ment in the Illinois No. 6 coal bed terminated with a shut-in pressure near
lithostatic (1.0 psi/ft), and that the fracture width and distance of proppant
transport were reasonably consistent with expectations from the hydraulic
fracture design procedures normally used in o0il and gas operations., 1In
contrast, the reported experiment in the Pittsburgh coal seam experienced a
shut-in pressure of about 1.4 psi/ft. Subsequent mineback revealed that the
proppant was distributed in multiple fractures, that the propped width was
much greater than anticipated, and that the distance of proppant transport
was only about 10% of the value anticipated from design calculations generally
believed valid for oil and gas production. The Phase I Report hypothesized
that the high shut-in pressure in the Pittsburgh seam resulted from fracturing
fluid liquid leakoff into the cleat structure in multiple directions before

the pressure was high enough to initiate new fractures in the coal structure.

Since March 20, 1979, IGT's interactions with personnel from the USBM
Research Center in Bruceton, Pa., have provided copies of service company
pressure records for 10 additional hydraulic fracturing operations with water-
based fluid. The portions of this information deemed most relevant to design
of the MFS experiments are summarized in Table 9. Other interactions with
USBM personnel, plus papers presented at DOE's Methane Recovery From Coalbeds
Symposium in Pittsburgh on April 18-20, 1979, have provided additional frag-
mentary information on pressures experienced during numerous fracturing

operations.

Review of Hydraulic Fracturing Experiments

Overall, hydraulic fracturing of coal seams appears substantially less
effective than anticipated on the basis of current technologies for predicting
fracture dimensions plus resultant production for oil and gas operations.

Only 2 of the records obtained for hydraulic fracturing with a liquid carrier
revealed shut~in pressures of about lithostatic (1.0 psi/ft) or less (Table 9).

*
Bureau of Mines, "Effects of Hydraulic Stimulation on Coalbeds and Associated
Strata,”" Rep. Invest. No. RI 8260.
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The remainder had shut-in pressures greater than 1.25 psi/ft, and for seven

of these, shut-in pressure exceeded 1.50 psi/ft. One of the two records having
shut-in pressures consistent with expectations was the Jefferson County, Ill.,
experiment in the No. 6 coal bed which was discussed in IGI's Phase I Report.
The other fracture is described in Bureau of Mines Report of Investigations

RI 7968, "Degasification of the Mary Lee Coalbed Near Oak Grove, Jefferson
County, Alabama, by Vertical Borehole in Advance of Mining." 1In this experi-
ment, 10,000 gallons of water gelled with 20 pounds of guar gum per 1,000
gallons of fluid emplaced 6,000 pounds of 10-20 mesh proppant with virtually
constant rate and pressure. Instantaneous shut-in pressure at the coal seam
depth of 958 feet was approximately 0.8 psi/ft. Propped fracture length, as
calculated by conventional methods, was estimated to be 255 feet. Eleven days
after fracturing, a maximum gas production rate of 90,000 SCF/day occurred.
Production rate than declined rapidly to roughly 60,000 SCF/day and then
remained constant at about 55,000 to 60,000 SCF/day for the 8 months coverad
in the report. This is one of the highest sustained production rates reported

for any hydraulically fractured vertical bore hole.

Unfortunately, two USS stimulation attempts with gelled water were much
less successful. These experiments were performed in the same county in
Alabama, but =t a location where the coal seam depth was about 150 feet
greater than for the impressively successful stimulation discussed in the
previous paragraph. The first USS experiment achieved gas production of less
than 8500 SCF/day. Mineback revealed that the coal seam had been fractured
by drilling mud and well cement prior to stimulation. The hydraulic fracture
was in the rock below the coal seam. For the second USS experiment, care was
taken to minimize hydrostatic pressure during cementing of the casing.
Nevertheless, hydraulic fracturing pressure reached the preset limit of
2500 psi. Shut-in pressure was not reported. Gas production achieved a
short-term peak of about 25,000 SCF/day when the well was dewatered. Average
gas production during the 50 days of actual production during the 70-day period
between fracturing and end of production acsociated with the approach of mining
was less than half this peak value. Mineback revealed that the slots in the

casing were located a foot below the interface of the coal and floor rock.

One of the USBM-funded hydraulic fracturing experiments that has not yet

been publicly reported in detail is of particular concern in relation to the

29 197



198

Mountain Fuel Project. This fracture was performed in the Castlegate coal

seam at a depth of 1017 feet and at a location only a few miles from the
location proposed for Mountain Fuel's third well. During the first pumping
attempt, surface pressure became excessive after only 14 minutes of rumping
time. The well was allowed to flow for about 6.5 minutes to remove a suspected
"sandout." Pumping was then resumed and pressures continued to build during
the 22 minutes of the second pumping operation. Shut-in pressure was estimated
to be 1.7 psi/ft at the depth of the coal seam. Natural gas production after
fracturing peaked at only about 800 SCF/day and then rapidly declined.

Although it is generally agreed that hydraulic fracturing with foam pro-
duces higher natural gas production rates than fracturing with gelled water
fluids, the fragmentary data available to IGT strongly suggest that the resultant
propped fracture length is still much less than that calculated using design
methods normal to oil and gas operations and that treating pressures are often
very high., Summaries of foam fracture treatments and gas production for seven
wells at the new Emerald Mine near Waynesburg, Pa.* Mr. Peter F. Steidl has
provided supplementary data included in Tables 10 and 11. Additions to the
published report include data for an eighth well (Well 11), the fracture
lengths observed on mineback, and the shut-in pressures from the hydraulic

fracturing ogeration.,

In the new Emerald Mine wells, "screen-outs'" were reported for four of
the seven wells hydraulically fractured using foam. Following screen-outs
on wells 1 and 3, the wells were allowed to flow back and flush out the sand
blockage; then the treatments were completed. Treatments on wells 6 and 7
were terminated after screen-outs occurred because the treatments were almost

complete,

Although neither coalbed thickness nor propped fracture length are
reported for the Emerald Mine wells in RI 8286, comparison with propped lengths
recently calculated for MFS by Halliburton and by Nowsco suggest that fracture
lengths observed during mineback were much smaller than would be calculated
for a fracture height of 20 feet. The calculations by Halliburton and Nowsco
reveal propped lengths of about 650-700 feet for the foam volumes used in the

*
U.S. Bureau of Mines, "Foam Stimulation to Enhance Production from Degasifi-
cation Wells in the Pittsburgh Coalbed," Rep. Invest. No. RI 8286,
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Table 11.

EMERALD MINE WELL DATA

Gas Production Data in Cubic Feet Per Day

Well No.
Date Tested 1 3 4 5 6 7 8 11
09-24-76 - 7,500 (1) 942 20,000- 120,000 10,800
_ 30,000 ‘
10-01-76 14,000 - 1) 2,000~ 122,000 10,800
8,000
10-29-76 19,500 16,800 (1) 14,000 10,000 140,000 21,000
11-10-76 25,200 16,700 (1) 100,000- (2) -
34,000

12-14-76 - 23,300 @8] 18,100 (2) (2) 18,200
01-08-77 - 24,500 (L) 100,000 (2 105,000 8,100
01-26-77 - 42,000 40,000 100,000 (2) 58,100 8,390
02-08-77 10, 400 - - - - (2) -

03-28-77 9,100 (2) - 117,000 (2) 800 (2) -

03-29-77 - (2) 16,000 - (2) (2) 19,000
08-31-77 1,070 41,400 7,090 79,800 (2) 44,400 3,510 1,400
09-07-77 1,080 39,800 7,470 86,400 110,000 44,400 3,510 44,400
09-14-77 2,430 39,800 8,840 81,900 86,400 - 3,140 62,800
09-19-77 2,730 44,400 - 69,700 69,700 29,900 4,740 86,700
10-13-77 2,720 28,200 3,510 61,100 64,100 25,200 3,216 72,300
10-20-77 3,060 15,200 3,510 72,300 61,100 25,900 3,140 79,800
10-27-77 3,060 (2) (2) 74,800 61,100 25,200 3,140 66,900
02- -78 1,800 (2) (2) (2) 59,000 13,000 2,700 57,000
06-02-78 .- 30,000 - (3) 82,000 28,000 2,000 30,400
07-20-78 (1) 17,500 (1) (2) 14,400 (2) 16,500
09-11-78 625 (1) 1,000 (1 24,400 5,800 (2) 16,000
10-26-78 (3) 800 (1) 3) (3) (2) 8,000
01-19-79 - (1) (3) 3,000
(1) = No pump.
(2) = Pump down.
(3) = Plugged.
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Emerald Mine experiments. Because the thickness of the Pittsburgh coalbed at
the Emerald Mine is undoubtedly much less than the 18-foot thickness for the
Mountain Fuel calculations, service company~calculated propped lengths for the
Emerald Mine experiments would undoubtedly be much greater than 700 feet.
Although mineback found the end of the fracture for only one of the Emerald
Mine fractures, the short distances at which sand was detected in the other
fractures, in addition to Mr. Steidl's verbal communication that the propped
width observed on mineback was about 2 inches at the widest part close to the
well with sand only in the bottom half of the fracture, strongly suggests that
the propped length from foam fracturing was less than 50%, probably less than
33%, and possibly less than 10% of what would be expected from hydraulic
fracture design calculations. In addition, only one open fracture extending

into a nearby pillar was observed without sand.

During DOE's April 1979 Symposium in Pittsburgh, Mr. R. L. Mazza of
Continental described a foam fracture treatment at the Loveridge Mine in
Marion County, W. Va. 1In his words, visual inspection of this Pittsburgh
coal seam fracture indicated that fracture length and width differed from
predicted values by an order of magnitude. Shut-in pressure at the coal
face was about 1.8 psi/ft (1525 psi at 840 feet). Perforations were in the
center of the cuval seam, the bottom of the fracture was about 1 foot above the
bottom of the target coal, and the top of the fracture extended through 1 foot
of shale and 1.5 feet of coal above the target seam. The observed propped
fracture width was about 1 inch below the perforations and about 2.25 inches
above the perforations. Using the observed fracture width and height, plus
the known amount of sand, a propped length of 40 feet was calculated. This
calculation is consistent with failure to observe proppant sand in a cross-cut

61 feet from the wellbore.

Available quantitative details regarding individual hydraulic fracturing
operations performed by USS in Alabama are minimal. However, the following
observations from DOE Report RI-PMTC-3 (79), "Methane Drainage Ahead of Mining
Using Foam Stimulation, Mary Lee Coalbed, Alabama," appear particularly

relevant to hydraulic fracture design for the Mountain Fuel experiments.

® Page 8: '"Propagated fractures examined were vertical, typically began as
a hairline crack about 3 feet above the base of the coal, and gradually
widened to about 3/16 inch at the top of the coal. The fractures
continued upward at the same thickness for an undetermined distance into
the roof."
33
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® Page 8: ‘'Cement used to set casing was contained within the same vertical
plane as the sand to lateral distances of up to 80 feet. Microscopic
examination of samples of this cement showed that although the cement
contains coal particles, no sand was observed."

® Page 13: '"The fine-meshed sand used as a fluld-loss agent was the only
sand found to be contained in the coal. This sand is thought to have
caused the propagating fracture to clog or 'screen-out' in the coal early
in the treatment. With continued pumping, it is possible that the
fracturing fluids entered a pre-existing plane of weakness in the shale
roof rock."

) Page 15: '"Recent underground investigations indicate 'fractures',
denoting rock breakage, do not normally occur as a result of stimulation.
The physical evidence indicates that pre-existing fractures (rock joint,

or coalbed cleats) or bedding planes are widened during stimulation."

During a side conversation with Mr. P. B. Stubbs of USS after his pre-
sentation at the April symposium, he indicated that '"screen-out" or excessive
pressure buildup has not been a pfoblem in the Alabama treatments., He further

stated that the fracture gradient at the coal seam depth of about 1100 feet

was roughly 0.8 psi/ft.

It is hypothesized by IGT that the difference in observed propped widths
and pressure behavior between the Appalachian wells and the USS Alabama wells
is primarily due to differences in fracture characteristics of the rock
overlying the target coal seams. 1In the Appalachian wells, high fluid loss
into the coal results in screen-outs with very high treating pressures. 1In
contrast, screen—-out of the coal seams in the Alabama wells is accompanied
by fracture diversion to the overlying rock and then fracture propagation in
that rock with pressure and proppant transport characteristics similar to

those normal in oil and gas reservoirs.

Considerations Relevant to Mountain Fuel Supply Stimulation Design

Only one of the hydraulic fractures that has been documented through
mineback had dimensions characteristic of those predicted using design
calculations normal to oil and gas hydraulic fracturing operations. That was
the experiment in the Illinois No. 6 coalbed. Correlating unique features of

that hydraulic fracturing operation are —

® Bottom~hole treating pressure throughout the fracture and the instantaneous
shut-in pressure were about lithostatic for coal seam depth.

® Azimuthal orientation of the vertical did not coincide with either the
face cleat or the butt cleat direction in the coal seam.
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In contrast, the majority of other mineback operations have revealed extra-
ordinarily wide fractures with the greatest length in the face cleat direction.
In some cases, proppant also has been observed in multiple openings in the

butt cleat direction as well.

Foam Stimulation

IGT's review of experience in hydraulic fracturing in coal seams supports
the widespread belief that foam fracturing generally results in greater
natural gas production rates than fracturing with a gelled water fluid.
However, our review has not revealed understanding of the reasons for this

difference.

When foam fracturing was developed, its primary advantages over other

fluids were recognized to be —
® Very low effective fluid loss

° Ideal transport of proppant.

If these advantages were being realized in coal seams, the propped widths
would be much less than observed and propped lengths would be much longer.
Expected propped width can be estimated from proppant concentration and design
calculation estimates of width during fracture propagation. For upper limits
of 2.5 pounds of sand per gallon of foam and a width of 2 inches, the amount

of sand per square foot of fracture area would be:

y 2 in.) (144 in.2/£t2y

3 = 3.12 1b/ft?
(231 in”’/gal)

(2.5 1b/gal

Figure 123 of the Halliburton Frac Book reveals that the resultant upper limit
on expected width of the propped fracture is 0.375 inches or 3/8 inch. The
propped width observed on mineback cannot be greater than this if the low fluid

loss and ideal proppant transport of foam are actually being realized.

The enormous propped widths observed can be achieved only if very high
rates of fluid loss result in deposition of large quantities of proppant
very near the well bore. However, lack of proppant sand, including the
100-mesh sand used by USS, in butt cleats intersecting the propped face cleat
makes this difficult to understand. The reason for using fine sand is that
its entry into small branches from the main fracture is expected to inhibit

fluld loss. Because this effect 1s not observed, IGT hypothesizes that the
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apparent high fluid loss is due to breakdown of the foam such that the gelled
water and entrained sand remain in widened face cleats, while the nitrogen
leaks into the butt cleat and runs ahead of the liquid in the face cleat

direction.

Two additional observations support this hypothesis of very early foam

breakdown during hydraulic fracturing. These are —

@ Three of the foam fractures were accompanied by nitrogen arriving at a
distant offset well during the hydraulic fracturing operation. These are
one of the Emerald Mine fractures, the Leveradge Mine fracture by Con-
tinental, and one of the USS fractures in Alabama. The Continental
experience is particularly relevant. Even though the mineback revealed
that proppant had been transported in the face cleat direction, nitrogen
production during the fracture was observed from a well about 500 feet
away in the butt cleat direction.

® Foam breakdown is inevitable. if large changes in bottom-~hole treating
pressure occur during a hydraulic fracturing operation. Foam is stable
only in the quality range from about 65% to 85%. A design quality of
75% is normally chosen because it is the midpoint of this stable range.
However, to a first approximation, if treating pressure doubles during
a hydraulic fracturing operation in which the ratio of nitrogen pumped
to water pumped remains constant. the nitrogen volume will be cut in half
by the higher pressure., This will reduce foam quality to 60%, a value
below the stable range. In contrast, if the ratio of nitrogen to water
is increased as pressure increases so that the quality of 75% is
maintaincd at the higher pressure, foam quality will exceed 857 and the
foam will break down at any point where the traveling fluid encounters
the pressure of lithostatic or below that is normal for hydraulic
fracture propagation.

Adequacy of Foam Fracture Control Information

Early in the spring of 1978, IGT supervised a very large foam fracturing
operation in a tight gas sand in Canada. This operation used 6 million SCF
of nitrogen to emplace 250,000 pounds of proppant sand at a depth of about
6700 feet. Eight nitrogen pumpers were used tc obtain the desired rate of
12 bbl/min. The large fracturing treatment was preceded by a mini-frac at the
same rate to evaluate field equipment and procedures. Although improvements
in standard procedures, such as including an orifice meter in the nitrogen
line to monitor output of multiple pumpers, were implemented, it is doubtful
whether the information available to the frac operator was adequate to stay
within the quality range for stable foam throughout the job. One major problem
was that the flowmeter on the blender was operating outside its range of

linear response. Analysis after the fracture revealed that the blender operator
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had controlled sand input on the assumption that his flowmeter was correct,
The result was a sand concentration in the blender of more than 12 1ib/gal when
the operator thought he was controlling at 8 1b/gal. Overall foam quality for
the entire job averaged 827 versus a design quality of 75%. Furthermore,
fluctuations in nitrogen and water rate during the job were large enough to

go outside the quality region of 65%-857 for stable foam in both directions.

To date, IGT has not been successful in obtaining time-dependent pressure,
water flow, and nitrogen flow data that can be interpreted to deduce variations
in foam quality during any fracture operation in a coal seam. We suspect this
is because real time recorded data do not exist for the nitrogen input, The
operator of the nitrogen pumper is normally directed to hold a pumping rate
that is displayed on a panel meter, but not recorded on a time-dependent basis.
Furthermore, most recordings of water rate are on a scale of 50 bbl/min for
full-scale deflection. The water rate of 2.5 bbl/min for most foam fractures
in coal seams is such a small fraction of full scale that the recorded signal
is only slightly larger than the noise level on the recording. Further, the
size of the flowmeter used for water control is not normally recorded on
customer tickets, thus it is impossible to determine whether the flowmeter

was operating in its linear range.

As set rorth in SPE 7935, "Analysis of an Elmworth Hydraulic Fracture -
Alberta, Canada," IGT strongly recommends that all foam fracturing operators
insist upon use of gamma ray-based monitoring of the densities of both the
sand~laden liquid and the foam streams for control purposes during the hydraulic
fracturing operation. Further, these densities, as well as pressures and flow
rates, should be recorded so that subsequent detailed analysis of the hydraulic

fracutring operation will be possible.

In summary, although higher gas production has been observed from coal
seams following foam fracturing, it is doubtful whether this is due to the
major advantages of foam over other fluids, namely, low fluid loss and ideal
proppant transport. It appears that neither of these conditions are achieved
in coal seams; Indeed, the greater gas production may only be due to large
quantities of nitrogen displacing connate water by entering the cleat system

in the coal and then providing a gas drive for well cleanup.
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The Design of the First Mountain Fuel Supply Hydraulic Fracture

The discussions above have revealed that hydraulic fracturing of coal
seams involves phenomena not properly taken into account by design procedures
normally used to calculate propped length of hydraulic fractures in oil and
gas operations. Whether this is due to deficiencies of the mathematical
formulations or deficiencies in input parameters for the calculations is not
clear. Discussions with Mr. Kurt Elder, who has had program responsibility
for many USBM stimulations, revealed that few, if any, of the hydraulic
fracture designs have been preceded by site-specific determination of critical
input parameters into the calculations. Such parameters include —

® Elastic modulus of the coal bed — A value of 3.0 X 105 psi is used for
the vast majority of design calculations. This is much lower than for

reservoir rock, and we have been unable to find the original source of
this number.

) Fluid loss coefficient — Reports available to IGT do not contain the value
used for fluid loss coefficient in hydraulic fracture design calculations
for experiments that have been performed. However, the Halliburton calcu-
lations performed for Mountain: Fuel Supply in March 1979 use a value for
the fluid loss coefficient (Cw) of 1.0 X 10% ft/sq rt (min). This value
is consistent with that reported in SPE 5003, "Formation Fracturing With
Foam," for sandstone with a permeability of 100 to 200 millidarcies (md)
and a pressure difference between the fractures and pores of 900 psi,
However, this value is less than 1/6 the value one would calculate from
the porosity, permeability, and reservoir fluid characteristics used in
the Halliburton design. A major question 1s whether fluid loss into the
cleat system is such that a fluid loss coefficient several orders of
magnitude greater would be an appropriate assumption.

If the short, fat fractures usually observed are the result of high
fluid loss, the only obvious solutions are to pump much faster or to incor-
porate a fluid loss additive. Pumping rates for the best documented previous
fractures have been in the range of 1-3 bbl/min per foot of fracture height.
Within that range there is no apparent correlation between fracture shape and
pumping rate. However, for the 18-foot thick coal seam anticipated by MFS, the
upper limit of this range would require a rate of 54 bbl/min. Doubling this
rate to about 100 bbl/min would be a minimal step to investigate hydraulic
fracturing outside the range of prior experiments. Achieving such a rate
with foam fracturing would involve a formidable and extremely expensive array
of nitrogen pumpers. Also, control would be minimal for a modest volume. For

example, 50,000 gallons would be pumped in only 12 minutes.
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Future interaction with service companies is a prerequisite to meaningful

IGT views regarding the feasibility of using fluid loss additives.

IGT is reluctant to consider volumes greater than about 50,000 gallons
for the first MFS experiment. This is because the previous history of hydraulic
fracturing of coal seams makes it appear unlikely that any larger volume will
be successfully pumped Into the coal seams due to screen-outs. The only
reported success in consistently pumping volumes this large is that of USS
in Alabama. However, in that case the evidence strongly suggests to IGT that
the fractures divert out of the coal seam early in the fracturing operation,
and that lack of sand-outs is due to fracture propagation in the low fluid loss

strata above or below the target coal seam.

In addition to the possibility of fluid loss additives, further inter-
actions with service companies should carefully consider whether foam provides
any advantage other than a gas drive for cleanup. If this is the only advant-
age, the use of CO; or a nitrogen/gelled water ratio less than that required
for foam, or a nitrogen pad, may be worth considering. This is particularly
true if such an approach would make the use of a fluid loss additive with
greater effectiveness than 100-mesh sand practical.

As this discussion of hydraulic fracturing has been gloomy enough to
motivate thoughts regarding the possible alternative of dralnhole drilling in
coal, we will conclude it with an encouraging possibility. That possibility
is based on the recognition that the MFS experimental well will be at a sub-
stantially greater depth than any of the well histories considered above.

One possible effect of this greater depth is that in situ stresses will result

in greatly reduced cleat permeability. Such greatly reduced permeabilities
would reduce fluid leakoff and may result in fracturing without excessive
pressure buildup and with a propped length much greater in relation to-design
calculations than in the prior experiences at shallower depths. This possibility

should certainly be examined with a field experiment before considering the

expensive alternative of drainhole drilling.

PREPARATION FOR LABORATORY ANALYSIS

Specific plans for the analyses to be performed have been finalized and
the laboratory preparations for doing this work are underway. The analyses

include the following:
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] Direct determination of methane content of the coal and the emission
rate, This also includes component analysis of the emitted gases.

® Routine coal characterization analyses to establish rank and characteristics
of the coal. These include organic elemental analyses, percent moisture,
percent ash, percent volatile matter, and density.

® Porosity, Darcy flow permeabilities, and compressibility.

® Adsorption and desorption isotherm determinations.

® Miscellaneous analyses.

Methane Content

One of the most important analyses made on coal for purposes of methane
production is the direct determination of the methane content. This is
performed using standard operating procedures on core samples taken during
the drilling operations. Both methane content and the rate of gas emission
are determined. Samples of the gas emitted are periodically obtained and
analyzed by mass spectrometer or gas chromatography to monitor the composition

of the emitted gases.

Coal Characterization

During the coring procedures, recovered samples are taken for the IGT
analytical section to perform routine coal characterization analyses. These
results determine the chemical constituents that establish the rank of the
coal as well as its general character. The tests provide background data for
each of the coal seams encountered. These analyses include organic elemental
analyses for carbon, hydrogen, nitrogen, oxygen, and sulfur, including both
fixed carbon and inorganic carbon determinations. The percent moisture, ash
content, volatile matter, and density also are tested. In addition, other

miscellaneous analyses may be necessary.

Porosity, Permeability, and Compressibility

Coal samples that are earmarked for core analysis are used for tests of
porosity, Darcy permeabilities, and compressibilities. The tests require
small plugs of the cores. The samples require special handling, particularly
1f the coals are friable. These tests are not routine for the IGT analytical
section, so special equipment is being fabricated. These data are necessary

for engineering and production analyses. They include the effect of water
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saturation on permeabilities as well as the effect of in-situ overburden
pressures on the permeabilities. The resulting data provide input parameters

for the computer simulation of the production of methane from coal.

Adsorption and Desorption Isotherms

Adsorption and desorption isotherm data for methane gas are developed.
The adsorption data are used to calculate the capacity of the coal to hold
methane gas. Results are compared to those obtained from the direc£>deter-
mination of methane by desorption measurements. Desorption data are required
to establish the diffusion coefficients of the coals, and a determination is
made of the particle size at which methane flow is diffusion limited. This

work also requires special high pressure equipment, now on order.

Miscellaneous Analyses

During the course of the laboratory investigations, it is anticipated
that miscellaneous analyses may be required. This work would be performed if
the information obtained would be useful to the computer simulation or the
field operations. It is expected that certain properties or constituents of
the coal might affect production and a better understanding of them may be
required. Tests could include formation water analyses, ash analysis for
major elements, X-ray for elements and/or minerals, analysis of adjacent
sandstone cores, and coal surface and pore size determination. In addition, tests
determining flaws (Knudsen permeabilities) through discs of coal which have
been selected to be mark~-free by an optical or scanning electron microscope
could be conducted. Such data would be useful in establishing diffusion
constants for engineering and production analyses. This flow procedure can
be performed with little additional equipment, however, it is somewhat time

consuming.

DRILLING AND TESTING RECOMMENDATIONS

IGT's recommendations for those portions of the drilling and pre-fracture
well testing program directly relevant to natural gas production from coal seams
arc provided in Appendix A. Details of drilling from the surface to slightly
above the Sunnyside coal seam at a depth of 2800-2900 feet are being

independently developed by MFS.
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It is possible that program objectives could be accomplished at lower
cost by modification of these recommended field procedures. Suggestions

regarding possible changes to further reduce cost are solicited by IGT.

Compromises between cost and completeness of data are inevitable aspects
of any drilling and testing program. The largest such compromise in Appendix A
is drilling threcugh all target coal seams before running and cementing casing.

Cost is minimized thereby because —
) Only one, rather than two suites of wireline logs will be required

] Rigging for and performing injection tests with straddle packers will be
required only once, rather than twice.
These cost savings involve the risk that all testing after cementing casing
will provide erroneous and discouraging conclusions due to plugging of cleats
with cement. If field data reveals loss of cement to the Gilson coal seam,
it is recommended that the program for the second well include cementing the
casing before drilling through that seam. A potentially attractive alternative
is use of the PENGO" Selective Completion Tool to prevent cement intrusion
into coal seams. This tool is run as a part of the casing. Packers are set
above and below the seam to be protected. Cement circulates into the annulus
and through the lower packer into the concentric casing of the tool, flowing
back into the annulus after reaching the upper packer. Ports through the
cement in the concentric casing are opened with a wireline for completion in

and production from the coal seam.

The recommended program places very heavy emphasis upon —

) Minimizing fines and cement injection into the coal seam and flushing by
production from the seam to clean it after coring and after drilling out
cement

® Maintaining an accurate inventory of fluid (gas and water) injection into

and recovery from the coal seams
° Determining coal seam reservoir pressure and permeability.
Attachments A-1 and A-2 to Appendix A elaborate upon these points.

It is recommended that the tubing installation for pre-fracture testing
be the same as for after hydrualic fracturing. Although a workover rig will be
required for hydraulic fracturing, this installation will provide critically
important data and may well provide a basis for system changes that will
minimize the cost of the long-term production tests after fracturing.

42



The preliminary recommendations for hydraulic fracturing is to use foam

as follows:

Volume of 50,000 gallons

Rate of 15 to 20 bbl/min

Maximum surface pressure of 4500 psi

Proppant size of 20/40 or larger; use only one size

Cleanup by production to a tank as described in Attachment A-1 to
Appendix A

Insist upon a small turbine meter linear to as low as 1 bbl/min on the
inlet to the blender, and upon gamma ray absorption instruments for on-
line control of both the water/sand and foam streams on the surface.

Future interactions with service companies may lead to recommending a fluid

loss additive or a gas/gelled water ratio lower than that required for foam.
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APPENDIX A. Drilling and Preliminary Testing
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Monthly Report for July 1979

APPENDIX A. Drilling and Preliminary Testing

The recommendations below cover drilling and preliminary testing in the
vicinity of the coal seams. Many of these steps include details already
agreed to in discussions between MFS and IGT personnel. However, some steps
are new recommendations and some aspects are presented in more detail than

previously discussed.

It is IGT's understanding that MFS intends to drill to 2800 feet with
air unless mud is required by hole conditions. When the first target coal
seam (Sunnyside) is reached, changing to natural mud is planned due to the
greater probability of successful core recovery. The first step in procedures
set forth below addresses details of depth selection for the start of coring and

the change to natural mud.

1. Hopefully, air coring will be practical. If not, change from air to
natural mud 50 feet above the Sunnyside coal seam and start coring at
that point. Use the coring bit that will produce the largest practical
size cuttings (clusterite or cones, not diamonds) to minimize coal seam

plugging.

2. As coring proceeds toward the Sunnyside coal seam, carefully monitor returns
for any iadication of lost circulation to the coal seam. If the Sunnyside
seam 1s a thief zone, determine the hydraulic head of the coal seam and
then inject air or gas into the drilling mud so that the bottom-hole
pressure balances the natural fluid pressure in the coal seam. (See
Attachment A-1, Pressure Balance.)

3. Core to total depth, maintaining a record of water loss or gain as a func-
tion of depth. (See Attachment A-2, Fluid Volume Recording.) Persomnel
from both IGT and UGMS will select samples of core for desorption measure-
ments as soon as core is removed from the barrel and described by the MFS
geologist on location. (See Attachment A-3, Injection and Mini-Frac Testing.)

4. Swab or unload the well with air or gas until the lost mud volume is
recovered and formation water is produced. This is to clean cuttings
from the coal seams.

5. Run a full suite of logs from TD to 200 feet above the Sunnyside coal
seam as directed by the MFS geologist in consultation with the IGT
representative on location (minimum log suite will include caliper,
gamma ray, density, and sonic data). Water level during logging is to
balance reservoir pressure in the coal seams. DO NOT load the hole with
mud to the surface unless required for safety due to observed natural gas
production,.

6. Utilize Lynes packers to perform open hole injection or mini fracture tests
at six depth intervals. The intervals are to consist of the Sunnyside
and Gilson coal seams plus 20+ feet of the rock immediately above and
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below each of the seams. Packer seats will be selected in the field
after logging. The recommended test procedure is set forth in
Attachment A-3, Injection and Mini Frac Testing.

7. If prior tests have revealed that the hydraulic head on the coal seam
is more than 200 feet below ground level, set a drillable open hole
packer above, but as close as practical to, the Gilson coal seam.

8. Run and cement a 5-1/2-inch casing, with a burst rating of at least 4500
psi, to as close to the top of the Gilson seam as practical. Use low
density cement with a volume calculated to give a cement top 500 feet
above the Sunnyside coal seam.

9. After the cement sets, use cement bond logging plus measurement of
casing stretch or a free point locator to find the cement top and
determine the maximum cement loss to the Gilson coal seam.

10. Drill out the cement shoe and clean hole to TD using air or natural gas
(not mud). Record air (or gas) and water returns as described in
Attachment A-2, Fluid Volume Recording.

11. Monitor fluid level rise in the well overninght using an echo meter. If
gas production occurs, choke flow so that the well kills itself due to
water influx. If gas production still exists the next morning, kill the
well by pumping fresh water down the drill string to the bottom of the
Gilson coal seam.

12. Rig up and pressure test wellhead to 4500 psi.

13. Run 2-3/8-inch tubing with a Sperry Sun bottom-hole pressure sensor.
The tubing string should be equipped with either air lift valves or a
sucker rod pump seat.

1l4. Remove fluid from the well bore by swabbing or gas 1lift. Continue until
either gas or formation water is being produced. Maintain gas and water
inventory.

15. When warranted by lack of problems due to solids production, install
pumping hardware and release rig.

16. Determine reservoir pressure by measuring the static water head. If gas
is being produced, choke flow and monitor fluid level to see if the well
will kill itself. After monitoring fluid rise to a static level, pump
a measured amount of water into the well, and then record the drop to the
static level.

17. Perform injection tests to determine reservoir limits, kh (permeability
times thickness), and minimum in situ stress. (See Attachment A-3,
Injection and Mini Frac Tests.)

18. Pump well to determine whether gas production can be achieved prior to
hydraulic fracturing.
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ATTACHMENT A-1. PRESSURE BALANCE
Introduction

Production from coal seams occurs via the permeability of natural frac-
tures (cleats) in the coal. Further, IGT's parametric computer simulation
studies have revealed that knowledge of the porosity and permeability of the
fracture (cleat) system, plus the fluid pressure therein, are critical to
interpretating data from a test well to determine the well spacing appropriate

to minimize the costs of gas production.

Laboratory determinations of porosity and permeability under simulated
in situ conditions determine only lower limit values. This is because
laboratory data has only been developed for coal samples strong enough for
machining coal cylinders with dimensions of a few inches. Coal containing
the larger cleats crumbles or breaks before the samples can be prepared for

testing.

Reservoir fluid pressure must be determined in field tests. In additionm,
the most meaningful determinations of cleat porosity and permeability must come
from injection and production tests on the well. However, such tests will
not provide valid data if the cleats are loaded with mud, cuttings, or cement
prior to the tests. IGT's recommended field procedures contain numerous
details intended to ensure meaningful conclusions from the well tests. These

are discussed below.

Drilling
Drilling coal seams for production differs from sandstones in two major

ways.

° Fluid additives (such as KC1l) to avoid formation damage are not required
for coal and should only be used if needed to stabilize shale intervals
drilled.

® If coal fines or solid components of the mud are forced into the cleats

of the coal, the resultant '"formation damage' will preclude obtaining
critically needed cleat permeability data.

For these reasons, the recommended drilling program places strong emphasis
upon avoiding overbalanced drilling and provides for production from the coal

seam to flush the cleats as soon as possible after coring and after drilling

out the cement shoe.
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Cementing

If the coal seam reservoir pressure is not greater than hydrostatic,
cement invasion of cleats 1s Inevitable for the Sunnyside seam and may only
be avoided for the Gilson seam i1f drillable packer is placed above the seam
as recommended. For a minimal cement density of 12 1lb/gal and an assumed
reservoir pressure of hydrostatic, the previously agreed upon cement top of
500 feet above the Sunnyside seam gives a differential injection pressure of
95 psi into the Sunnyside seam and 137 psi into the Gilson seam. If the head

of coal seam water is 200 feet below the surface, these pressures increase to

182 psi and 224 psi, respectively,

If cement loss into the Gilson seam occurs until the fluid head in the
casing drops to a reservoir pressure, a water head 200 feet below surface,
total cement loss will be over 350 feet of tubing/casing annulus volume or over
275 gallons (37 ft3). This volume would fill 3% porosity to a radius of 4.7
feet from the well bore in an 18-foot coal seam. Such loss would drop the
cement top to very near the Sunnyside seam and fill cleats to beyond the

distance to which abrasive slotting has been shown effective.



ATTACHMENT A-2. FLUID VOLUME RECORDING

As previously emphasized, avoiding fines or cement injection into the
coal seam is extremely important if data from the first experiment is to be
analyzed. Achieving this requires an extraordinarily conscientious effort to

maintain accurate records of liquid movement Iinto or out of the coal seam.

Operational control to avoid fines injection into the coal makes careful
monitoring of the fluid balance essential from the moment the bit encounters
the Sunnyside coal seam and continuing throughout all well operations. During
drilling, water balance can be adequately recorded by the use of still pits
and careful monitoring of pit liquid level. However, it is doubtful whether
this procedure will be adequate while using air for unloading the well bore
or for well clean-out after cementing. At these times, excessive liquid loss

due to droplet spray is a major concern.

We therefore recommend that all fluid returns from the well during air
coring or after coring with mud be produced into the top of a vertical 400-
barrel tank. Field experience, including that on the Pinedale No. 8 well in
1975, has revealed that this procedure is very effective for monitoring
liquid production. It is further recommended that the tank hatch have a
spring cover £nd be designed so that gas can leave the tank only through a
single hole. Monitoring of air or gas production rates from about 20,000
to 100,000 SCF/day can be readily accomplished by using nipples to provide an
appropriate size pipe for pitot tube measurement. A positive displacement

meter for lower rates is very desirable.

A separate substantial advantage of using such a tank as a gas/water
separator and fluid balance monitoring device is that all solids produced
settle to the bottom of the tank so that total solids production over a period
of days can be determined by removing the hatch at the bottom of the tank

and manually removing accumulated solids.

In contrast, if a conventional separator is used, solids production
provides an enormous headache in erosion of back-pressure control valves and
plugging of the separator. 1In addition, during early production attempts an
external gas supply will undoubtedly be required for successful operation of

a conventional gas/water separator.
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It is recommended that use of the vertical 400-barrel tank as a separator
continue until no problems with production of solids have been observed after
hydraulic fracturing. Such a demonstration can easily be accomplished by using
a "T" at ground-level between the wellhead and riser to the top of the tank.

A valve on the blind leg of the "T" will concentrate any solids in the flow
stream and thereby permit sampling of solids by opening that valve to a bucket

or pitcher.

As gas production begins, accuracy and convenience of gas rate measurement
can be enhanced by installing a positive displacement meter on the gas outlet
from the tank. However, such action must be accompanied by a choke between
the wellhead and tank to dampen any large surges in gas production. This is
not terribly critical because a spring-loaded hatch is capable of venting

about 1 million SCF/day without creating excessive back pressure.

After pumping results in gas production from the annulus with water pro-
duced through tubing, no problem should be encountered in use of a choke and
orifice meter for gas production metering. However, the tank should be
retained on the liquid production from tubing to both facilitate liquid pro-
duction measurement and to provide backup separation in case control from the
Sperry Sun bottom-hole sensing system is not adequate to avoild gas surges

through tubing, as reported by USS.



ATTACHMENT A-3. INJECTION AND MINI-FRAC TESTING

The objective of injection testing is to determine the product of perme-
ability times thickness for the coal seams. Because the results of measurements
made at the well bore will be applied to interpretation of production from
great distances, it is extremely important that these tests be conducted in the
manner so that any skin effect or formation damage at the well bore is minimal

and measureable.

The objective of the mini-~frac tests is to determine the initial shut-in
pressure after hydraulic fracturing to develop quantitative data regarding
fracture propagation in the coal seam versus fracture propagation in rock
strata above and below the coal. Fractures actually created during such tests
must be small enough to provide confidence that the test fractures have not
extended into the adjacent strata. Therefore, data obtained will describe the
near well-bore environment and will not be valid if the rock properties or
stress conditions near the well bore are significantly altered by cement

invasion.

The test procedures detailed below are tailored to minimize rig time,
to provide insight into any alteration of strata by cement invasion, and to
permit completion of injection tests before changing the bottom~hole geometry

by conducting mini-frac tests in the coal seams.

IGT's recommended chronological sequence of tests is presented below.

Open-Hole Testing

Valid injection tests require that the strata to be tested uniformly
at original reservoir pressure when the test commences. It is therefore
recommended that the open-hole tests take place immediately after loggiqg.
Valid data will be obtained at this time if the fluid level in the well

balances reservoir pressure during logging as previously emphasized.

Down~Hole Hardware Configuration

Recommended down-hole hardware consists of tubing with Lynes packers
spaced at #20 feet. Ideally, three sets of dual Armarada pressure recorders
with 3000 psi full scale and 36-hour clocks will be run with the packers.

Sets of dual recorders would be installed below the bottom packer, between the

two packers, and above the top packer. If sufficient recorders are not
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available, frequent echo-meter readings can be used for the annulus and tubing

fluid levels. Actual packer spacing will be determined by field examination

of wireline logs. No valve is required in the down-hole assembly. The tubing

is to be opened only to the space between the packers.

1~

10.

11.

12.

13.

Injection Test Procedures

Seat the packers straddling the Gilson coal seam.

Connect the top of the tubing to a gravity drain from a 55-gallon drum of
fresh water on the rig floor.

Flow about 15 gallons (accurately measured) from the drum into the tubing
while observing annulus fluid level with an echo meter to verify sealing
of the upper packer.

Fill the remainder of the tubing with water from the 55-gallon drum, with
provision for air escape, and then measure the decrease in the 55-gallon
drum fluid level for 30 minutes. Continue echo meter monitoring of the
annulus fluid level to establish test validity.

Disconnect the top of tubing from the 55-gallon drum and monitor fluid
level decline in the tubing with an echo meter for 2 hours.

Unseat the packer, move to straddle the Sunnyside coal seam, and then
repeat the above steps for the Sunnyside seam,

Pull the tubing string, examine the pressure recorders from below the
bottom bomb to determine whether the lower packer was adequated seated,
redress the packers as appropriate, adjust packer spacing if required by
seats for mini-fracture testing, and rerun the bottom-hole assembly.

If needed because of inadequate data, repeat the injection test while
rigging for the mini-frac test.

Mini-Frac Tests

Rig for the mini-frac testing using a cement truck, Halliburton 2-inch
turbine flow meter, and frac-van-~quality pressure recording equipment for
both the tubing and annulus. This fast time-response, high chart-speed
equipment is essential for reasonably accurate picks of ISIP.

Seat the bottom packer at the selected point above the Sunnyside coal seam.
Circulate the water to load the tubing and annulus.

Seat the upper packer and shut in the annulus.

Pump about 1 barrel of fluid into the tubing at the lowest possible rate,

shut in the tubing, and observe the tubing and annulus pressure gauges
to verify adequate packer seats.
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1l4. After adequate packer seats are verified, resume pumping into the tubing
at the minimum possible rate until a total of 5 barrels have been pumped.

15. Stop pumping and record ISIP.

16. Resume pumping at approximately twice the previous rate, continue until
an additional 3 to 5 barrels have been pumped, and then record ISIP.

17. Allow the well to flow back through tubing.

18. Move the packers to the strata underlying the Sunnyside seam and repeat
steps 10 through 17,

19. Move the packers to the rock strata overlying the Gilson seam and repeat
steps 10 through 17.

20. Move the packers to the rock strata underlying the Gilson seam and repeat
steps 10 through 17.

21. Pull the tubing assembly and examine the recorders from beneath the

bottom packer to determine whether any tests must be repeated due to

bottom-hole pressure buildup.

Starting with the shallowest mini-frac tests and then performing the tests
in order of. increasing depth minimizes rig time by permitting bleed-off of
fluid from previous mini-fracs from above the top packer while test preparations
are being made. Field experiments have revealed that in testing the deepest
interval firet, bleed-off may cause pressure buildup below the bottom packer
that interferes with its seating. Also, the slow bleed-off after flow-back

may force fines into the Gilson seam if deep mini-frac tests are conducted

first.

Injection Tests After Running Casing and Releasing Rig

The previously discussed open-hole injection tests of the Gilson seam
emphasized minimum cost to obtain a preliminary indication of permeability
times thickness (kh) for that coal seam. Additional and more elaborate
testing after cementing the casing is important to determine the extent to
which cement invasion or other formation damage has occurred, to provide
average kh data at greater distances from the well bore, and to determine

whether the coal seam has reservoir limits within an area that would complicate

interpretation of production test data.

A reservoir limit test to determine whether substantial changes in perme-~
ability exist near the well bore is recommended to minimize uncertainty in

ultimate interpretaion. One such test is a long-~term injection test in which
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reservoir boundaries or substantial changes in reservoir properties are
detected by reflected pressure pulses during injection and during pressure

decline after injection.

A reservoir limit injection test of 1 week is recommended. This duration
will reveal any boundaries within a 6.5-acre area around the well bore and may
test as much as 50 acres, depending upon the value of the effective compressi-

bility and other reservoir parameters.

This injection test should be performed at constant rate and at a positive
wellhead pressure of a few hundred psi. The required injection rate is
expected to be about 0.2-2.0 gal/min. This value can be defined with greater
accuracy after the short-term open~hole injection test is performed. In
addition to careful monitoring of the constant injection rate, it is very
desirable that the bottom-hole pressure be recorded with the greatest practical
resolution. Ideally, a Hewlett-Packard bottom—hole instrument with a resolution
of a few hundredths of a psi would be used. If this is not judged practical,
IGT can supply transducers and recorderg with a resolution of about 1.0 psi

for use with the Sperry-Sun system.

After 1 week of injection and 1-2 weeks of monitoring pressure decline,
the mini-frac ~f the Gilson seam should be performed. Procedures would be
the same as for the open-hole mini-frac test with the exceptions that packers
would not be required, and bottom~hole pressure monitoring would be via the

Sperry-Sun system.

BB/CL
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Monthly Report for September 1979

CHARACTERIZATION ANALYSES OF KAISER'S SUNNYSIDE UTAH COAL

Two pieces of coal from Kaiser Steel's Sunnyside mine in Utah were sent
to us by Mountain Fuel Supply, Salt Lake City, Utah. These samples were
taken from the mine at an unknown depth. One sample was taken right out of
the mine where mining was occuring. The other was from a previously mined
shaft and had apparently been exposed for a considerable period of time.
These pieces were labeled Coal Sample A (current fresh mining) and Coal
Sample B (previously mined-weathered). These samples were sent at our re-
quest for the purpose of gaining experience in handling coal and for devel-
oping techniques for running future analyses and tests on coal which will be

sampled while drilling seams for methane production.

The samples were submitted first to the analytical section for routine
analyses. These results are used to establish the rank. The analyses in-
clude both a proximate and an ultimate analyses, and the results are included
in this report. Tests such as permeabilities, porosities, compressibility,
and adsorﬁtion—desorption isotherms will eventually be determined when equip-
ment is ready for such tests. These data can be used as background informa-
tion later when the Sunnyside coal seam is actually drilled by Mountain Fuel

Supply at a deeper depth for methane production.

Samples taken from the two coal pieces (A & B) were labeled as follows:
two samples, A-1 and A-2, were taken from the A piece and 3 samples, B-1,
B-2, and B-3, were taken from the B piece. These spots were samples from

areas in the coal piece which appeared to be different from each other.

The five samples were analyzed, and after results were obtained it was
found that four of them were very close in composition. Sample A-2 was dif-
ferent, primarily in the amount of ash after combustion. Since this sample
was a nearby area to the other A sample, it points out the known existence
of nonhomogeneities within coal beds. Table I shows the analyses of the
average of the four samples (A-1, B-1, B-2, B-3), while Table II gives the
results of the sample (A~2) that was different for comparison. This sample
is not considered to be typical of the coal seams. Table III gives all the
data that were obtained on the elemental constituents in the ash, as deter-
mined by atomic absorption spectroscopy. It appears that silicon (Si), iron

(Fe), and aluminum (Al) make up the bulk of the elements in the ash, although
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there 1s a small quantity of other elements present. Other data such as
surface area and mercury porosimeter data were obtained, but these are not

shown as they were only obtained for possible future references.

Also not shown, but worthy of mention, are the qualitative results from
an x-ray fluorescence scan of material coated on the face cleats of this
sample. This material was a white powder coating. The x-ray scan of the
surface was able to pick up elements that were in higher concentration than
in the coal by itself. They were found to be mostly calcium (Ca), aluminum
(Al), and silicon (Si). These elements suggest the material to be a clay
residue or a salt residue or both. It was apparently not a coal oxidation
product as the cleats inside the coal piece contained this white coating

also. It is significant, however, that the white residue was most likely

left by flowing water in the cleat system.

It can be seen from the results of the promimate analyses in Table I
that the coal had a fairly low as received moisture content (2.8%) as well
as a low ash content (2.6%), a fairly high volatile matter content (42.4%)
and a fixed carbon content of 54.5%. With this as a guide, the ASTM chart
for ranking coal was consulted and a preliminary rank of high volatile A
bituminour was assigned. This was further substantiated by a gross calorific
value of 14,441 Btu/lb. In addition, these analytical data were used by
IGT's D. M. Mason to calculate the rank and he also calculated it as a high
volatile A bituminous. The USGS lists the Sunnyside coal seam in Utah as
this rank.

It is also evident from the results of the ultimate analysis in Table I
that the total carbon was about 817% and that both sulfur and nitrogen are
low. The oxygen content (7.9%) may not be representative of what this coal
is in situ, since this is a mine sample which has been exposed to air and
some coal oxidation may have occurred. The mineral carbon content is low
and substantiates the low ash content. The gross calorific value of 14,441

Btu/1lb fits well with the other analysis for a rank of high volatile A
bituminous.
It is known that the methane content of a coal is dependent on its rank

and its depth. The higher the rank and deeper the depth, the higher the

methane content. Using published data on these values and by extrapolation,



it was estimated that a high volatile A bituminous coal such as this would
contain 450 cu ft of methane/ton of coal at a depth of 2800 feet. This is
the depth of the Gilson coal seam that is to be the first drilling by
Mountain Fuel Supply in their methane from coal project. I1f the assumption
is made that the Gilson coal is similar in rank to the Sunnyside, which is
very likely, then the amount of methane contained in the Gilson can be ap-
proximated. This was done using a thickness of 18 ft for the Gilson bed and
was calculated to be 9.2 billion cu ft/sq mile. If the initial in place
methane is higher or the seam is thicker, then the methane content would be
greater. However, if these values are lower, then the methane content would
be lower, At any rate, these figures can offer some speculation as to the
amount of methane contained in these coal seams before they are actually

drilled and stimulated for methane production.
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Table I. KAISER'S UTAH SUNNYSIDE MINE COAL SAMPLES
Avg. of Samples (A-1;B-1;B-2;B-3)

Proximate Analysis (He density = 1.29 gm/cc)

Proximate Analysis

Moisture
Volatile Matter
Ash

Fixed Carbon

Total

Ultimate Analysis

Ash
Carbon (Total)

a) Organic
b) Mineral

Hydrogen

Sulfur

Nitrogen

Carbon Dioxide

Oxygen (by Difference)

Total

Wt %

2.8
40.1
2.6

54.5

100.0

2.6

81.0

5.7

1.9

100.0

Gross calorific value: 14,441 Btu/lb.

(as Received)

41.3 (dry)

80.8

0.6

42.4 (DAF)

(Dry Basis)

2.6

80.8

5.7

1.9

0.6

100.0



Table II. KAISER'S UTAH SUNNYSIDE MINE COAL SAMPLE (A-~2)

Proximate Analysis (He density = 1.43 gm/cc)

Proximate Analysis Wt % (as received)
Moisture 2.8
Volatile Matter 32.1 33.0 (dry) 41.4 (DAF)
Ash 19.1
Fixed Carbon _46.0
Total 100.0
Ultimate Analysis Wt % (Dry Basis)
Ash 19.6 19.6
Carbon (total) 65.8
a) Organic 65.7 65.7
b) Mineral 0.1
Hydrogen 4.8 4.8
Sulfur 0.4 0.4
Nitrogen 1.4 1.4
Carbon Dioxide 0.2 6.2
Oxygen (by difference) 8.0 7.9
Total 100.0 100.0

Gross calorific value: 11,569 Btu/lb.
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Monthly Report for October 1979

METHANE FROM COAL SAMPLES
Project 65019

This report includes data thus far obtained on all samples taken during
the drilling and coring by Mountain Fuel Resources of the Whitmore Park No. 1

and Whitmore Park No. 2 wells in Utah for methane production from coal. A

general status report is included for all the tests to be done on these samples.

Whitmore Park No. 1

Water Sample Analysis

Three water samples were taken during the drilling of the Whitmore Park
No. 1 well, While air drilling, a water zone was encountered at a depth of
about 760 feet. A sample of this water was obtained and analyzed for its major
ions, pH, and solids. Also two samples were taken after the Gilson coal seam
had been cored in an effort to establish the zone of water entry into the well.
One of these samples was taken at 2100 hours on October 29, 1979 and was water
unloaded from base of Gilson coal in which it required greater than 1000 psi to
break the water over. The other was taken at 1940 hours from about 650 feet
off bottom (2500 ft depth) after 16 feet of shale had been cored below the
Gilson coal. These analyses are shown in Table 1. These analyses show that
some differences exist in the waters, but these differences are not very sig-
nificant in verifying the origin of water of different chemistries. However,
it does appear that the 760 feet aquifer showed a little less total ion concen-

tration, as would be expected.

Coal Sample Analyses

The upper coal seams in this well were not sampled because they were drilled

instead of cored. The Gilson seam was, however, cored, and a few pieces of

solid core plus some broken pieces were retrieved. This sample has been analyzed

- for rank classification and is still in the process of desorbing its methane
for the methane content. Table 2 shows the results of the rank analyses and
helium density. The results for the major ions in the oxidized ash are
included in Table 3. 1In Table 2, a proximate and ultimate analysis both are
included. From the proximate analysis, a low as-received water content of 1.8%
was obtained. A dry, ash-free volatile matter of 41.3% was obtained along with
a fixed carbon of 55.8%. A gross calorific value of 14,270 Btu/lb and a helium

B-1
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density of 1.34 g/cc were obtained. With these values, the ASTM rank was
established as high volatile bituminous A coal. This is the same rank as was
previously established for the Kaiser Sunnyside sample sent to us previously.
The ultimate analysis 1s included for background information. As noted from
this analysis, a fairly low ash content (3.19%) was obtained, indicating the
coal to be free of most mineral matter. This 1s further substantiated by the
low mineral carbon content (.09%). The other analyses show low sulfur and
carbon dioxide values and average hydrogen, nitrogen, and oxygen values for
this rank of coal. A breakdown of the major ions in the oxidized ash (Table 3)
are indicated to be largely silicon, aluminum, iron, and calcium, although

small quantities of others are present.

Desorption Samples for Methane Content

During the coring of Whitmore Park No. 1, several samples of core other
than coal were sealed into containers to see if any gas was released. This
was only intended for qualitative purposes, and no attempt has been made to
quantify any of these results. One good coal sample from the Gilson seam
was sealed for desorption and as of this data, the desorption is still not
complete. The other samples were sandstone, shale, and shale with coal partings.
All of these data are shown in Table 4. It can be seen from this table that
the Gilson cral has desorbed a total of 9427 cc, including a graphically
determined ''lost gas" content as well as a correction for altitude change from
the site in Utah to Chicago, Il1l., during its desorption period. A weight of
849.6 g for this sample has desorbed the 9427 cc of methane. This calculates
as 11.10 cc/g or 355 cu ft/ton of coal. More desorbed gas is anticipated,

however, the rate is dropping fast.

Gas samples from these coal samples were taken in the field during desorp-
tion for component analysis. However, the portable electrical vacuum pump
which was to be used in obtaining relatively air-free gas samples for analysis
would not operate on rig power, so samples were taken with an inadequate, small
hand vacuvm pump. This, coupled with the large void volume of the sample
containers resulted in these samples having too much air for a reliable mass
spectrometer analysis. One good gas sample, which was relatively air-free,
has been obtained on the coal gas desorbed from the Gilson coal since returning
the samples to Chicago, but results have not yet been received. Others are

possible from this sample if desorption continues.
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Permeability measurement on the Whitmore Park No. 1 Gilson coal will not
be possible due to inadequate sample sizes; however, they can be made on the
same coal seams from the Whitmore Park No. 2 coal. After the Whitmore Park
No. 1 sample has desorbed, it will be possible to obtain equilibrium sorption

isotherms on powdered samples.

Whitmore Park No. 2

A total of 12 samples were taken for desorption analysis during the
drilling of this well, These samples represent generally the main seams
(Sunnyside, Rock Canyon, Fish Creek, and Gilson); however, stringer samples
were also taken for desorption. The data thus far obtained on these desorption

samples are presented in Table 5.

Currently, the graphs are being drawn for "lost gas" determinations for
these samples. Also, samples are being prepared for submission for rank
analysis. (Several of the samples have to wait until desorption is complete
before the rank or other analysis can be done.) Gas samples have been taken
in the lab from the desorbed gases. These are awaiting analysis for components

by mass spectrometer.

Sample No. 10 (Sunnyside) has desorbed 150 cu ft/ton; sample No. 11
(Sunnyside stringer) hés desorbed 232 cu ft/ ton; samples No. 16 and No. 17
(Gilson) have each desorbed 170 cu ft/ton. Weights on the other coal samples
have not been taken. None of these samples have been corrected for "lost gas"
or for altitude change from moving from Utah location to Chicago. This
latter calculation cannot be made until densities are obtained on each sample

so that vold volume of the containers can be calculated.

Samples are being prepared for equilibrium sorption isotherm determination
as well as for permeabilities, wherever the sample size permits. Some of these

tests cannot be run until the samples have been completely desorbed.
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Table 2.

WHITMORE PARK #1 — 3101 ft GILSON COAL

Proximate Analysis

Moisture

Volatile Matter

Ash

Fixed Carbon
Total

Ultimate Analysis

Ash

Carbon (total)

Organic Carbon

Mineral Carbon

Hydrogen

Sulfur

Nitrogen

Carbon Dioxide

Oxygen (By Diff)
Total

(He Density = 1.34 g/cc)
Wt % {(As Received)

1.8

39.3 40.0 (dry)
3.1

55.8

100.0

Wt 7% (Dry Basis)

3.19
80.25
80.16
0.09
5.50
0.39
1.59
0.32
9.08
100.00

Gross Calorific Value = 14,270 BTU/1b.

41.3 DAF

3.19

80.16

5.50
0.39
1.59
0.32
8.85
100.00
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Table 3. WHITMORE PARK #1 — 3101 ft GILSON COAL

Major Ions in Oxidized Ash

Element Oxide (% Ash = 3.59) Wt 7
SiO2 42.0
A1203 21.0
FeZO3 5.70
TiO2 | 0.7
P,0, N/D
.~ CaD 10.3
MgO 2.32
Nazo 2.09
KZO 1.37
SO3 8.9
Total: 94.38
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Table 4,

WHITMORE PARK #1 — DESORPTION SAMPLES

Sample
No. Description
1 Sandstone
2 Gilson Coal
3 Sandstone
4 Shale w/Coal
5 Shale
*

Depth
ft cc's Desorbed
2736 799
3099 9427%
3092 129
3109 126
2718 723

Complete

Yes

No

Yes

Yes

Yes

This number includes a lost gas value of 1500 cc's determined by
graphical means and a correction of 601 cc's for altitude change
in elevation from Whitmore Park #1 location in Utah to Chicago,

Illinois.
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Table 5. WHITMORE PARK #2 — DESORPTION SAMPLES

Sample Depth ce's
No. Description ft Desorbed Complete
6 Sandstone 2560 475 Yes
7 Shale w/Coal Stringers 2628 588 No
8 Coal Stringer 2664 3266 No
9 Coal Stringer 2688 6566 No
10 L. Sunnyside 2714-20 3981 No
11 Sunnyside Stringer 2703 6742 No
12 Rock Canyon Main Seam 2864~67.5 3435 No
13 ~ Stringer between R.C, & F.C. 2876~77.5 3443 No
14 R.C. Upper Stringer 2862.5-63 3154 No
15 Fish Creek (Carbonaceous Spl.) 2883 1837 No
16 Gilson (Upper) 2934-37 3813 No
17 Gilson (Lower) 2934-37 2815 No
B-8
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mMonthly Report for November 1979

DisT

INSTITUTE OF GAS TECHNOLOQY - 3424 SOUTH STATE STREET +« IIT CENTER + CHICAGO, ILLINOIS 60616
GENERAL PHONE 372 7

TELEX 25.6182
DIRECT DIAL 312 567

December 11, 1979

Mr. Larry Allred

Mountain Fuel Supply Co.

P. 0. Box 11368

180 East First South

Salt Lake City, Utah 84111

Dear Larry:

Enclosed find our report on Mr. 0. P. Funderburk's data and my calcu-
lations of the coal permeability.
To summarize, I get the following values for Gilson coal permeability,

based on a formation thickness of 18 ft:

21 md
1.3 md

Injection: K

Swabbing: K

The swabbing data is handled assuming a constant pressure draw down. After
staring at the data, I came to the conclusion that it does not warrent more
sophisticated treatment.

Also enclosed is a graph of permeability as a function of "start injec~
tion" time, based on the injection data, which shows how the "computed value"

' These values are based on a forma-

of permeability varies with "start time.’
tion thickness of 14 ft.

Yours sincerel

Sherad Kelkar

SK:jml
Encl.
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WHITMORE PARK #1, GILSON COAL SEAM
Permeability from Pressure Buildup Analysis

For an infinite-acting reservoir with constant flow rate, pressure at

the well bore is given as a function of time by the following equation:

p=p_+% 2D (4n ¢+ a (ﬁ—;g;‘%) + 0.800) Ref. 1
where

P = opressure at time t (psi)

Py = reservoir pressure = 1106 psi

q = flow rate (bpd) = 576 bpd

U = water viscosity {cp) = 0.85 cp

K = permeability (darcies)

h = formation thickness (ft) = 18 ft

t = time (hrs)

¢ = porosity (fraction)

¢ = .water compressibility (1/psi)

ry = well bore radius (in)

A plot of fn t vs. P will give a straight lime with slope = .1;i22u

Note:

1. The units of time don't affect the permeability.

2. If all values of the pressure are changed by a constant, the permeabil-

ity is unchanged. It was found that the pressure reading from the upper

and the lower gauge differed by a constant. The readings from the
Halliburton recorder were found to agree with the surface guages.
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PRESSURE BUILDUP DATA

Time, P (Upper guage)
No. t, hrs Ant psi
1 0.00 325
2 0.033 | —3.411 360
3 0.067 —2.703 380
4 0.133 —2.017 425
5 0.167 —1.790 450
6 0.200 —1.609 455
7 0.233 —1.457 470
8 0.267 —1.321 478
9 0.3 —1.204 490
10 0.333 —1.100 500
11 0.367 —1.002 520
12 0.4 —0.916 525
13 0.433 —0.837 535
14 0.5 —~0.693 545

Slope of the line = 92.9 psi

1 .141 x 576 x .85
2 K x 18

o= 92.9 =

. K=21md

244



——

4+

- R man uid o -l
T - -y N
m (R N OO S
1)

; | 1 L - -M y.n
! |
H : rnn,vl*.l At

{

-

I I

I

T

Il

[ I

TP P

-

b

[

1

—+ 5 ——

Sl

B

-

l!.\il

TTTT

wisd upyosflo

; e

PR

ey

., \Su% =3
jpaprducc

xﬁﬂw




00

«

Q¢

N\A

+oo

lL oc

246




WHITMORE PARK #1, GILSON COAL SEAM

Permeability from Swab Test

the swab test.

It is assumed that a constant pressure analysis adequately represents

are nor warrented.

Due to the nature of the test, more sophisticated treatments

Flow rate at the well bore for a constant pressure draw down is given

as a function of time by:

where

Swab #
1 2
2 -3
3 5
5 -7
8 S

(=~ J o o

G W g o hod
£ 7

it

1 __ fnt
e~ ™7.3026 T C

AT
i W

flow rate (bpd)
time
formation volume factor =1
viscosity (CP)
permeability (md)
formation thickness (ft) = 18 ft
reservoir pressure = 1103 psi
flowing well bore pressure (psi)

a constant. \[
3

A plot of #n t vs. 1/2 will give a straight line with:

slope = —2
P 2.3026

Time, t Flow RateAéY?
hr bpd

0.1 464

0.38 204

0.77 125

1.43 99

2.30 86

Ref. 2
Lnt 1/2
—2.3 2.2 x 107°
~0.97 4.9 x 1073
-0.26 8 x107°
—0.36 10.1 x 1073
—0.832 11.6 x 1073
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From the swab data, average well bore pressure is:
Pw = 340 psi
For the graph,

3.2 x 1072 dpb

slope =

Cx = 162.6 x .85 1

g 18 x (1103 — 340) x 3.2 x 10-3 * 2.3026
L. K =1.4md
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Monthly Report for December 1979

ANALYSIS OF SWAB TEST DATA FROM WHITMORE PARK NO. 2 WELL,
GILSON COAL SEAM

During the swab test, the following quantities were recorded as a

function of time:

1. Depth at which the driller hit the water level with the swabbing tool

2. Depth from which the swab was pulled

3. Length of cable in the hole when water appeared at the ground level

4, Amount of water flown out into measuring drums
5. Echometer recordings to get independent measurements of the water level
in the hole.

While the test was in progress, it was noted that there was a large
amount of uncertainty as to when the swabbing tool hit the water level. As a
result of this, the water level data from this measurement shows a lot of
scatter and cannot be used in pressure drawdown analysis. Hence, the avail-~
able echometer recordings are used as the most reliable water level indicators
(Figure 1). The uncertainties in the data do not permit an analysis based omn
the assumption of constant pressure. Hence, the formation permeability is
computated assuming a constant flow rate drawdown where the flow rate is
estimated from the gross water produced during the test. The amount of water
measured in the drums is used as the best estimate of the water produced.

Figure 2 shows gross water production as a function of time.

Unfortunately, pressure build-up data using echometer was not obtained
at the end of the swab down. This data would have permitted a much more

reliable estimate of the formation permeability.

Data and Calculations

Formation depth (from logs) = 2940 ft
Formation thickness (from logs) = 14 ft

Flow Rate Calculations

Total water pulled out = 45.2 bbl
Decrease in the water level in the hole = 1660 — 285 = 1375 ft
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Hole capacity (tubing and annulus) = 0.0224 bbl/ft

therefore, water pulled out of the hole = 30.8 bbl

therefore, water produced from the formation = 45,2 - 30.8 = 14.4 bbl
Total time for swabbing = 5,66 hours

therefore, flow rate = 60.9 bbl/day.

Echometer Data

Formation depth (from logs) = 2940 ft

Echometer calibration: 160 ft depth = 1 inch of strip chart record
T
AT

time at which the ecometer was shot

time lapsed since the first swab

depth recorded on the echometer
bottom-hole hydrostatic head = 0.433 X (2940 ft - D)

The bottom-hole pressure is plotted as a function of AT on a semilog

paper (Figure 3), and the slope of the best straight line is determined from
the graph.

Slope = 322 psi/cycle /*
From "Advances in Well Test Analysis,' SPE Monograph, V5

Slope = 162.6 Bug

kh
where
B = formation volume factor =1
v = water viscosity = 0.85 cp
q = flow rate = 60.9 bpd
h = formation thickness = 14 ft
162.6 X 0.85 X 60.9
therefore, k 359 X 14 = 1.9 md,
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:20
:31
:50
121
149
:00
:11
127
:39
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00
19
34

am
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ECHOMETER DATA

AT,
hr

0.00

.32
1.57
2.33
2.52
2.83
4.35
4.82
5.00
5.18
5.45
5.65

285

730
1195
1430
1395
1360
1630
1520
1600
1630
1645
1660
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Monthly Report for January 1980

METHANE FROM UNMINEABLE COAL SEAMS
IGT Project 65019

This month's work has included a continuation of the desorption measure-
ments on all samples taken during the Whitmore Park No. 1 and No. 2 drillings.
It has also included data obtained on gas analyses from samples taken at
various stages of the coal desorption measurements. These measurements are
continuing. Partlal rank analysis on some of the samples taken adjacent to
the samples sealed into containers for desorption from Whitmore Park No. 2
have been obtained. Actual rank analyses on samples sealed into containers
will be obtained later if necessary. Lost gas curves have been plotted and
determinations made for each of the sealed samples. The construction of
equipment for measuring both residual gas and adsorption-desorption isotherms

on the sealed samples is nearing completion.

The updated data, together with new data obtained in January 1980, are

given below.

WHITMORE PARK NO. 1

The Gilson coal seam (No. 2) taken from this well is still desorbing
after more than 3 months in the container. It has now desorbed a total of
10, 442 cc of gas. For a weight of 849.6 grams, this calculates as 393 cu ft/
ton of coal. The total volume includes 1500 cc of lost gas plus 601 cc of

additional volume due to altitude change,

Mass spectrometer analyses of two gases from the Gilson coal in addition
to those reported last month have been received. They are shown in Table 1
with the desorbed values corregted for lost gas and altitude change. Very
little change in gas composition is noted in these last samples. It is noted
from the earlier samples that carbon dioxide apparently decreases while methane
increases as the desorption proceeds. Also, it is evident that the heavier
hydrocarbons (Cz, Cs, and C4;) are starting to appear in only small to trace
amounts. It does not seem likely that heavy hydrocarbons will appear to any
significant extent this late in the desorption process. It is planned to take
a sample of residual gas for analysis to see if any of these heavier components

are liberated on pulverization of the coal.
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Table 1. WHITMORE PARK NO. 1 — GAS SAMPLES FROM GILSON COQAL

Components

Carbon Dioxide
Hydrogen
Methane

Ethane

Propane
n-butane

i~butane

*
Corrected for

Tr = Trace.

Sample No.
2A 2C 2D 2E 2F
Volume *
Desorbed, cc 2912 9211 9642 9887 10,380
2.2 2.3 1.7 1.3 1.3
0.2
97.7 97.4 98.1 98.5 98.5
0.1 0.1 0.1 0.1 0.1
Tr 0.1 0.1 0.1 0.1
Tr Tr Tr Tr
Tr Tr Tr Tr
Total 100.0 100.0 100.0 100.0 100.0

lost gas and altitude change.



WHITMORE PARK NO. 2

Table 2 presents the updated desorption data obtaiﬁed on Whitmore Park
No. 2 coal samples. The samples with presently known weights show present
values of methane content in cu ft/ton, which includes lost gas values, but
not altitude change or residual gas values. The lost gas valués as determined
graphically are also included in Table 2. The helium densities, available
from the rank analyses which are now only partially complete, will be used to
calculate a value for the amount of gas to be added due to altitude change
from the well site in Utah to Chicago, Illinois. Complete rank analyses on
samples taken adjacent to samples sealed into containers are nearing completion

and will be reported when available.

All of the samples have desorbed enough gas to allow at least two samples
to be taken for component analysis. These data are shown in Tables 3, 4, and
5. Nearly all of these samples show greater than 95 mol % methane content.
Each sample contains some carbon dioxide, which apparently gets less as the
desorption continues. The diminishing carbon dioxide content reflects an
increase in the methane content with time. There seems to be little indica-
tion at this point in the desorption process, that heavy hydrocarbons are
beginning to show in the desorbed gases. Samples will continue to be taken

whenever possible to monitor these gases.

Q0. P. Funderburk
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Table 3. WHITMORE PARK NO. 2 — GAS SAMPLES (Mol %)
Sample No.
8A 8B 9A 9B 10B 10C
Volume
Desorbed, cc 4361 5116 6503 7758 2579 4452
Components
Carbon Dioxide 3.3 1.4 4.8 3.9 4.3 4.1
Hydrogen 0.2 0.1
Methane 96.0 98.2 94.6 95.5 95.2 95.5
Ethane 0.2 0.2 0.3 0.3 0.4 0.3
Propane 0.3 0.2 0.1 0.3 0.1 0.1
n-butane Tr Tr 0.1 Tr Tr Tr
i-butane Tr Tr Tr Tr
Total 100.0 100.0 100.0 100.0 100.0 100.0
Tr = Trace.
Table 4. WHITMORE PARK NO. 2 — GAS SAMPLES (Mol %)
Sample No.
11B 11C 12B 12C 13B 13C 14B 14C
Volume
Desorbed, cc 5710 10,362 3804 4275 3989 4838 4148 4489
Components
Carbon Dioxide 4.8 3.3 2.4 2.6 2.2 2.7 1.9 1.6
Hydrogen 0.1 0.2 0.5
Methane 94.9 96.3 97.0 97.1 96.7 96.7 96.7 97.2
Ethane 0.2 0.3 0.3 0.2 0.5 0.4 0.6 0.7
Propane Tr 0.1 0.2 0.1 0.3 0.2 0.3 0.4
n-butane Tr Tr 0.1 Tr 0.1 Tr 0.1 0.1
i-butane Tr Tr Ir Tr Tr
Total 100.0 100.0 100.0 100.0

Tr = Trace.
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Table 5.

Components

Carbon Dioxide
Hydrogen
Methane

Ethane

Propane
n-btuane

i-butane

Volume
Desorbed, cc

Total

WHITMORE PARK NO. 2 — GAS SAMPLES (Mol %)

Sample No.
15A 15B 16A 16B 17A 17B
2399 2644 3535 4613 2725 3445
2.6 2.6 .2 1.9 2.4 2.2
0.6 0.2
95.6 96.7 96.5 97.3 96.8 97.0
0.6 0.4 .5 0.4 0.4 0.4
0.3 0.3 4 0.4 0.3 0.3
0.1 Ir 1 Tr Tr 0.1
Tr Tr Tr Tr Tr Tr
100.0 100.0 100.0 100.0 100.0 100.0



Monthly Report for February 1980

bieT

ROUCANION - RESEARCH

INSTITUTR OF GAS TECHNOLOGY . 3424 SOUTH STATE STREET ¢ IiT CENTER + CHICAGO, ILLINOIS 60616
GENERAL PHONE 312/567-3650

TELEX 25-6189
DIRECT DIAL 312/567- 5818

March 7, 1980

Mr. Larry Allred

Mountain Fuel Resources

36 South State Street

Suite 1540

Salt Lake City, Utah 84111

Re: Monthly Letter Report for February,
"Methane from Unmineable Coal Seams,"
IGT Project No. 65019

Dear Mr. Allred:

Desorption studies on all coal samples collected for this project have
continued. These data show some of the samples to be completely desorbed,
and thus ready for residual gas analyses. Table 1 contains all the data ob-
tained to date on all samples collected. It will be noted that Whitmore
Park No. 1 (W.P.#1) Sample 2 Gilson coal still is not completely desorbed
and has desorbed a total gas content of 414 ft3/ton. Also, the sandstone
and shale samples taken from this well (Samples 1, 3, 4, and 5) have desorbed
completely and the total amount desorbed is very small. Nothing more is

planned for these shale and sandstone samples.

Samples taken from Whitmore Park No. 2 (W.P.#2) are shown as Samples
6-17. Samples 6 and 7 are sandstone, and shale with coal partings, respec-
tively, and are similar to those from W.P.#1. Nothing more is planned.
Samples 8 - 17 are the coal samples taken from W.P.#2 and these data are pre-
sented in Table 1. The weights have now been obtained on all samples. Table
1 lists these weights, which enabled the calculation of total gas desorbed in
cu ft/ton which is also shown for each sample. Lost gas values were reported
last month and are included here also. The corrections for the altitude
change (Utah to Chicago) have been calculated for W.P.#2 samples and are also

included in Table 1. The helium density values were obtained in the rank
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Mr. Larry Allred March 7, 1980
Page 2

analyses which are now complete for all these samples. The rank analyses were

done on samples taken adjacent to those sealed into containers.

The samplesin Table 1 which appear to be completely desorbed are among
those with the smallest amount of coal and with apparent high ash contents.
It would be expected that these would be the first to completely desorb. For
example, the lowest value, 185 ft3/ton (Sample 15), was labeled as carbonaceous
when sealed into the can. Also, the rank analysis of an adjacent sample shows
a helium density of 1.53 and an ash content of more than 29%Z. The highest value
shown 1is 429 ft3/ton (Sample 11), however, this sample was not sealed into a
container until after a day at subfreezing temperatures at wellsite in a core
tray. The lost gas calculation which is extremely high in this case 1is con-
sidered to be in error. It is poséible that frozen drilling mud in the out-

side pores during this long lost gas period prevented methane desorption.

The rank analyses for all W.P.#2 samples are presented in Table 2. 1In
each case, except for Sample 8, these samples were taken adjacent to the one
seaied in a container for desorption. A 2675' stringer sample was used for
Sample 8. If necessary, those sealed in the cans could be submitted for rank
analysis afte. the desorption is completed. Sample 18 is a sample taken from
freshly mined coal obtained from the Soldier Creek Mine which is close to the
Whitmore Park location. This represents an outcrop sample of the Rock Canyon

seam and 1s only included for comparison.

The ASMT method of establishing rank was used for these samples. The rank
of high volatile A bituminous was made since the criterion of <69% dry fixed car-
bon and a > 31% volatile matter was met. However, the Btu qualification for
this rank of > 14,000 Btu/lb is only satisfied in two (Samples 14 and 16) of
the samples with four others being borderline (Samples 9, 12, 13, and 17).

This is apparently due to the high ash contents of the low Btu samples. The
mineral matter (ash) in effect acts as a diluent in the Btu determination.
These high ash contents are explained from the fact that coals are known

to be nonhomogeneous and stringers and thin beds such as these are even

more susceptible than others.

These samples contain very little mineral carbom such as carbonates as in-

dicated by the analyses. Also, the hydrogen, nitrogen, oxygen, and sulfur



Mr. Larry Allred March 7, 1980
Page 3

contents seem to be normal, although two samples (14 and 15) have higher sul-

fur contents than the others.

In conjunction with the rank analyses, the oxidized ash content from each
of these coals were analyzed by atomic absorption spectrophotometry for their
major elements. These results are shown in Table 3. It can be seen that the
ash contents ranged from a low of about 3% to a high of about 45%. Recoveries
of from about 87% to 1007 were indicated. The analyses show that the oxide of
silicon, aluminum, and iron make up the bulk, however, in a few instances (low
ash contents) there is also high calcium and sulfur oxides. The predominantly
high silicon and aluminum contents would suggest the ash to be primarily shaly
sand material. Small amounts of other elements are present in less quantities

as indicated.

Future work will concentrate on finishing the desorption measurements with
subsequent residual gas determinations. A vessel for the residual gas deter-
mination has been constructed and pressure tested. The sample, or portion
thereof, of the sealed coal samples will be used for the residual gas deter-
minations. If rank analyses are required, this too can be done on a portion
of this sealed sample as well as adsorption-desorption isotherm determinations.
Also, 1if plugs suitable for core analysis can be obtained on the one cocal seam
sample (W.P.#2 Gilson) available with large enough dimensions (3-1/2" dia.),
then permeability tests will be conducted on those core plugs.

Very truly yours,

P, Frdlabrk

0. P. Funderburk
Senior Advisor
Reservoir Sample Analysis

OPF: jml

265



*a397dwod A73jusiedde coﬁuuMOmwa+

doaoang
- - - - - - -~ uofue) %20y BUTK }@21) ITPTOS (Z#°d°M)8T
ON 0SE T %9¢ oL YLL*S 0°82S LE-vE6T UOSTID 13m0 (Z#°d'M)L1
ON 434 1€°1 seL 008 9zh ‘L S'9TL  LE-%E6T uosTyy 1addn  (g#°d*M)9T
+ G681 €S°T 9SL S6L 869°¢ € 1%9 £887 (*qaed) 291D YsTd (T#°d'M)ST
+ 6% 0t°T elL SLTT z62°S o°cey £9-6° 298¢ 193Ut 138

uofue) yooy aaddn  (Z#°d MY
ON 8yt 0v°T ey ovel T°L T°LS9 67 LL-9(8T 128utais  (T#°d'MIET
+ L9 €€’ 1 IA7A ove 700°S %°009 S"L9-%987 uokue) ¥o0§ (Z#°d°M)TT
ON YA S9°T1 (24 093 79%°7T 9°0¢6 £0LZ I1o3ura3s apysduung  (Z#°d"M)TT
ON LST 96T 9zL 066 L08°9 8°8Y8 0Z-9T1LT spysduung 1omoT (T#°d°M)OT
ON €9t 0e°t 509 0801 8.9°0T 0°80%T 8892 128utals 10D (Z#°d°M)6
+ 21 VAARY 0LL 06ST 196°S L*S6Y %992 198uT13s TeoD (Z#°d°M)8
sax - - - - 886G - 829¢ 180D YITA @TeYS (Z#°d'M)L
sax - - - - SLy - 0967 suolspues (Z#°d°M)9
9% - - - - €L - 81L7 aTeus  (T#°d°M)S
Sax -= - - - 9¢1 - 60T¢ TeOD YITM @TBUS (T#°d°M)Y
sax - - - - 671 - Z260¢ auojlspues (T#°d°M)E
ON 71y E°T 109 00T L66°0T 9°6%8 660¢ Teo) uwosTId (T#°d"M)T
sox - - - - 66L - 9€LT ~ouogspues (T#°d°M)T

339 Tdmo) uol /33 29/8 20 20 o0 7 B fayBtem 33 ‘yadeq. uoT3dranss(q a7dumeg

fjuajuoy ‘4£3jsusag ‘uoTios|aiog) “sen ‘poaqaossg
1o oK apn3ITITV 1807 sunTop
SHIANLS NOIILLA0SHA
— T 'ON GNV T °ON (°d'M) XM¥Vd T4ORLIHM °T °Tqel

266



Table 2. WHITMORE PARK NO. 2 —
SAMPLE NO. 8 — 2675 FT STRINGER

Proximate Analysis (He Density = 1.44 g/cc)

wWtZ (As Received)

Moisture 1.6
Volatile Matter 36.2 36.7 (Dry) 44.9 DAF
Ash 17.9
Fixed Carbon 44.3
Total 100.0

Ultimate Analysis

Wt% (Dry Basis)

Ash 18.14 18.14

Carbon (Total) 64.70

Organic Carbon 64.70 64.70

Mineral Carbon 0.00

Hydrogen : 4.73 4,73

Sulfur 0.70 0.70

Nitrogen 1.31 1.31

Carbon Dioxide 0.01 0.01

Oxygen (by Diff.) 10.42 10.41
Total 100.00 100.00

Gross calorific value = 11,538 Btu/lb

SAMPLE NO. 9 — 2688 FT STRINGER

Proximate Analysis (He Density = 1.30 g/cc)

Wt% (As Received)

Moisture 2.0
Volatile Matter 42.2 43.1 (Dry) 45.9 DAF
Ash 6.0
Fixed Carbon 49.8
Total 100.0
Ultimate Analysis Wt7% (Dry Basis)
Ash 6.08 6.08
Carbon (Total) 77.56
Organic Carbon 77.43 77.43
Mineral Carbon 0.13
Hydrogen 5.65 5.65
Sulfur 0.67 0.67
Nitrogen 1.59 1.59
Carbon Dioxide 0.49 0.49
Oxygen (by Diff.) 8.45 8.09
Total 100.00 100.00

Gross calorific value = 13,928 Btu/lb
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Proximate Analysis

Moisture

Volatile Matter

Ash

Fixed Carbon
Total

Ultimate Analysis

Ash

Carbon (Total)

Organic Carbon

Mineral Carbon

Hydrogen

Sulfur

Nitrogen

Carbon Dioxide

Oxygen (by Diff.)
Total

Gross calorific value

Proximate Analysis

Moisture

Volatile Matter

Ash

Fixed Carbon
Total

Ultimate Analysis

Ash

Carbon (Total)

Organic Carbon

Mineral Carbon

Hydrogen

Sulfur

Nitrogen

Carbon Dioxide

Oxygen (by Diff.)
Total

Table 2, Cont.

WHITMORE PARK NO. 2 —
SAMPLE NO. 10 — 2714-20 FT

(He Density = 1.56 g/cc)
WtZ (As Recelved)

29.2 (Dry)

Wt7% (Dry Basis)

50.24
0.09

0.32

= 8888 Btu/lb

SAMPLE NO. 11 — 2703 FT

(He Density = 1.65 g/cc)

Wt7Z (As Received)

25.7 (Dry)

W W N
oo L=
(= C R o

100.0

Wt% (Dry Basis)

38.94
43.63
43,58
0.06
3.35
0.43
0.98
0.21
12.67
100.00

Gross calorific value = 7793 Btu/1lb
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46

37

50.

NO O W

.6 DAF

.33

24

.83
.38
.10
.32
.80

100.

42

38.

43.

OO W

00

.1 DAF

94

58

.35
.43
.98
.21
12.

51

100.00



Proximate Analysis

Moisture

Volatile Matter

Ash

Fixed Carbon
Total

Ultimate Analysis

Ash

Carbon (Total)

Organic Carbon

Mineral Carbon

Hydrogen

Sulfur

Nitrogen

Carbon Dioxide

Oxygen (by Diff.)
Total

Gross calorificvalue

Proximate Analysis

Moisture

Volatile Matter

Ash

Fixed Carbon
Tot:al

Ultimate Analysis

Ash

Carbon (Total)

Organic Carbon

Mineral Carbon

Hydrogen

Sulfur

Nitrogen

Carbon Dioxide

Oxygen (by Diff.)
Total

Table 2, Cont,

WHITMORE PARK NO. 2 —
SAMPLE NO. 12 — 2864-67.5 FT

(He Density = 1.33 g/cc)
Wt%Z (As Received)

1.6 .

7.5 38.2 (Dry)

5.4

5.5

—

100.0

3

WtZ (Dry Basis)

5.52
79.28

79.11
0.17

0.63

13,975 Btu/lb

SAMPLE NO. 13 — 2876-77.5 FT
(He Density = 1.40 g/cc)

Wt% (As Received)

1.3
37.8 38.3 (Dry)
15.6
45.3
100.0
Wt% {Dry Basis)
15.78
68.74
68.70
0.40
5.04
0.79
1.53
0.16
_8.12
100.00

Gross calorific value = 12,323 Btu/lb

40.4 DAF

79.11

.29
.59
.59
.63
.27
100.00

~NOHHEOW,

45.5 DAF

15.78
68.70

5.04
0.79
1.53
0.16
8.00
100.00
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Proximate Analysis

Moisture

Volatile Matter

Ash

Fixed Carbon
Total

Ultimate Analysis

Ash

Carbon (Total)
Organic Carbon
Mineral Carbon
Hydrogen
Sulfur
Nitrogen
Carbon Dioxide

Oxygen (by Diff.)

Total

Proximate Analysis

Moisture

Volatile Matter

Ash

Fixed Carbon
Total

Ultimate Analysis

Ash
Carbon (Total)

Organic Carbon

Mineral Carbon
Hydrogen
Sulfur
Nitrogen
Carbon Dioxide

Oxygen (by Diff.)

Total

Gross calorific value =

Table 2, Cont.
SAMPLE NO.

SAMPLE NO.

WHITMORE

14 — 2862,

(He Densgity = 1.30 g/cc)

PARK NO. 2 —
5-63 FT

WtZ (As Received)

Gross calorific value = 14,239 Btu/lb

1.2
46.2 46.8 (Dry)
3.7
48.9
100.0
Wt {Dry Basis)
3.74
78.65
78.55
0.10
5.80
1.98
1.61
0.36
8.22
1006.00
15 — 2883 FT

(He Density = 1.53 g/cc)

Wt%Z (As Received)

10,193 Btu/1lb

32.0 (Dry)

(Dry Basis)

55.80
0.03

0.10

48,

3.

78.

5.
1.
1.
0.
7.

6 DAF

74

55

80
98
61
36
96

100.

45.

29.

55.

WO W

00

5 DAF

65

80

.05
.68
.20
.10
.52

100.00



Proximate Analysis

Moisture

Volatile Matter

Ash

Fixed Carbon
Total

Ultimate Analysis

Ash

Carbon (Total
Organic Carbon
Mineral Carbon
Hydrogen
Sulfur
Nitrogen
Carbon Dioxide

Oxygen (by Diff.)

Total

Table 2, Cont. WHITMORE PARK NO. 2 —

SAMPLE NO. 16 — 2934-37 FT

(He Density = 1.31 g/cc)

_WtZ_ (As Rec

W S
VO
~N N~

100.0

eived)

40.7 (Dry)

Wt (Dry Basis)

2.49
80.76

8.99
160.00

Gross calorific value = 14,311 Btu/lb

Proximate Analysis

Moisture

Volatile Matter

Ash

Fixed Carbon
Total

Ultimate Analysis

Ash

Carbon (Total)

Organic Carbon

Mineral Carbon

Hydrogen '

Sulfur

Nitrogen

Carbon Dioxide

Oxygen (by Diff.)
Total

80.48
0.28

1.04

SAMPLE NO. 17 — 2934-37 FT

(He Density = 1.41 g/cc)

Wt%Z (As Received)

10.09
100.00

Gross calorific value = 12,529 Btu/lb

37.5 (Dry)

70.77
0.68

2.47

41,

2.

8 DAF

49

80.48

5.49

0.

1
1
8

58
69
04
23

100.00

42.

11.

70.

00N O

4 DAF

71

77

.84
.45
.46
.47
.30

100.00
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Proximate Analysis

Moisture

Volatile Matter

Ash

Fixed Carbon
Total

Ultimate Analysis

Ash

Carbon (Total)
Organic Carbon
Mineral Carbon
Hydrogen
Sulfur
Nitrogen
Carbon Dioxide

Oxygen (by Diff.)

Total

Table 2, Cont. SOLDIER CREEK MINE —

OUTCROP ROCK CANYON COAL

(He Density = 1.28 g/cc)

WtZ (As Received)

F
-~ O W
L] ° .
OO

w

ol
(=]
o
(=]

W7

Gross calorific value = 13,702 Btu/lb

10

41.8 (Dry)

(Dry Basis)

77.36
0.09

0.32

43.9 DAF

4.75
77.36

5.38
0.44
1.53
0.32
10.22
100.00
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Monthly Report for March 1980

hioT

EDUGATION - REBEARCH

INSTITUTE OF GAS TECHNOLOGY - 3424 SOUTH STATE STREET « HT CENTER + CHICAGO, ILLINOIS 60816
GENERAL PHONE 312/567-3650

TELEX 25-6189
DIRECT DIAL 312/567- 5818

April 11, 1980

Mr. Larry Allred

Mountain Fuel Resources

36 South State Street
Suite 1540

Salt Lake City, Utah 84111

Re: Monthly Report for March 1980,
"Methane From Unmineable Coal
Seams," IGT Project No. 65019

Dear Mr. Allred:

Residual gas analysis procedures have been started for all desorption
samples under test. Table 1 is a continuation of these desorption data from
previous reports and includes the residual gas analyses for two samples
(samples No. 8 and No. 10) that have completely desorbed. Three more samples
have also completely desorbed, and these residual gas analyses are in progress.
The desorption values in Table 1 show all the additions since last month's

report.

Included in last month's report were all the rank analyses values for
Whitmore Park No. 2 samples. Whitmore Park No. 1 Gilson coal had been
presented in a previous report. Table 2 is included insthis report to show and
discuss the effects of some of the variables in rank analysis values on the
methane content of coal. Because most of the gas is adsorbed on the internal
surface of the micropores, the total methane content would be expected to
become altered if this porosity was disturbed in any way. Apparently, this
is exactly what happens when a sample of coal is diluted with other sedi-
mentary matter or water. Because rank analyses are used to classify the coal,
it is desirable to obtain at least a proximate analysis which gives such
values as percent moisture, percent ash, percent volatile matter, and percent

fixed carbon. The percent moisture and percent ash are the most critical
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Mr., Larry Allred Project 65019
Page 2 April 11, 1980

factors with respect to diluting the methane content, Also, ultimate analyses
are important when considering the organic makeup of the coal, such as carbon,

hydrogen, sulfur, and oxygen contents.

In Table 2, only‘two of the samples are total methane contents (samples
No. 8 and No. 10). The other samples are included in the "corrected" column
at their present stage of desorption. It can be noted from the "measured"
column that when the combined moisture plus ash content of the coals is high;
it generally reflects a low total methane content. Accompanied with this is
usually a higher helium density value, reflecting the presence of inorganic
sedimentary matter. Sample No. 10 is a good example of this because the
total ash plus moisture is 38.1% from the rank analysis. Helium density is
1.56 g/cc, and total measured methane content is 292 ft3/ton. If this value
is corrected to 5% total ash plus moisture (normal), the value is 378 ft3/ton,
which is more in line with other low ash samples. All the values in the
"corrected" column assume ash plus moisture content of 5%. Samples No. 11
and No. 15 also should fit this category, but as explained in an earlier
report, the Sample No. 11 values are probably high due to a large "lost gas"
value which had to be assumed for this sample. Other samples (Samples No. 8,
No. 13, and No. 17) apparently follow this same pattern although they were
in the intermediate ash plus moisture contents. Again, the "corrected" values
for these samples are more in line with actual values from low ash plus
moisture samples. Samples No. 9 and No. 12 are two exceptions to the above
category. The methane contents are too low for the low ash plus moisture
contents. These can only be explained by nonhomogeneities in the samples
taken for the two analyses. This nonhomogenous characteristic is an ever

present problem when sampling coals and should always be given consideration.

The final column in Table 2 ("Estimated" methane content) is included
for 4 samples only for comparison to the actual measured values. These values

were calculated using rank analysis plus known depth of the samples using the

following U.S. Bureau of Mines (U.S.B.M) adsorption equation:1
100 — % Ash — % Moisture, Vw ng _ 1.8h
\ ( 100 ) (Vd) [ko (.096h) b 0365-+ 1]

1Kim. Ann G. "Estimating the Methane Content of Bituminous Coal Beds From
Adsorption Data," U.S. Bureau of Mines RI 8245, Pittsburgh, Pa., 1977,



Mr. Larry Allred Project 65019
Page 3 April 11, 19080

This equation considers the effect of pressure, temperature, percent
moisture, and percent ash from the rank analysis. The U.S.B.M. value of
.75 was used for the ratio of volume of wet coal to volume when dry G%p.
The constants ko and n, were obtained from the rank data according to the
U.S.B.M. procedure. These were determined for each sample and found to be
only slightly different. The value of .14 was used as the temperature
constant as determined by the U.S.B.M., and h was the depth of each sample

in meters.

Only four samples were calculated by this procedure, two of which are
completely desorbed (samples No. 8 and No. 10). These should give some
indication as to the accuracy of the estimation calculation. Sample No. 8
showed 462 ft3/ton measured versus 398 ft3/ton estimated. Sample No. 10
showed 292 ft3/ton measured versus 277 ft3/ton estimated. These results are
in fairly good agreement. Because total methane contents for the other samples
were not available, they were not included. However, Sample No. 2, the
deepest sample of the coals, and Sample No. 18, the shallowest of the samples,
were included to show the effect of depth and temperature on the calculation.
Sample No. 2 has measured to date 418 ft3/ton, while the calculated value of
484 ft3/ton was obtained. When this sample has completely desorbed and a
residual gas value has been determined, it is expected to be in very good

agreement with the calculated value.

From these results, it appears that by use of this adsorption equation,
together with values from rank analyses of the coal and with depth or known
pressure and temperature data, it is possible to make an estimation of
in-place methane content of coal seams. The examples given show fair agreement

between actual measured values and calculated values.

Sincerely

0 P A wclirlicntt

0. P. Funderburk

Senior Advisor

Reservoir Sample Analysis
OPF/cel
Attachments
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Monthly Report for April 1980

bieT

EOUCATION - RESEARTH

INSTITUTE OF OAS TECHNOLOQGY - 3424 SOUTH STATE STREET + HT CENTER ¢ CHICAGO, ILLINOIS 60616
GENERAL PHONE 312/567-3650

TELEX 25-6189
DIRECT DIAL 312/567- 5818

May 8, 1980

Mr. Larry Allred

Mountain Fuel Resources

36 South State Street

Suite 1540

Salt Lake City, Utah 84111

Re: Monthly Report for April 1980,
""Methane From Unmineable Coal
Seams," IGT Project No. 65019

Dear Mr. Allred:

The desorption phase for all field samples taken during the drilling of
Whitmore Park No. 1 and Whitmore Park No. 2 wells in Carbon County, Utah,
has now been completed. These samples have been desorbing in sealed containers
after being taken at the well site during October and November of 1979. Gas
emissions from these samples were essentially complete although a few were
still desorbing a small quantity of gas occassionally. The equipment used

to desorb these samples was inexpensive and found to be adequate and reliable,

The values that are reported are total methane contents of the coal in
place, which includes lost gas, desorbed gas, and residual gas. The residual
gas was determined as a final stage of the desorption procedure. It was done
by crushing the actual coal sample desorbed in the sealed container and
measuring the amount of gas liberated after pulverizing. A special container,
with steel balls inside with the coal, was used in conjunction with a paint
can shuker to determine the residual gas. For samples that were still

desorbing gas slowly, this gas was included in their residual gas values.

The complete desorption data are shown in Table 1. This same table was
presented incomplete in last month's report. In that report, a column was

included for a correction for altitude change, but in this table, the altitude
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correction is included in the 'Desorbed Gas'" column. This table shows that
the residual gas quantities are different for each sample, which no doubt is
due to the impurities in the samples as well as the stage of desorption when
the residual gas values were obtained. A total methane content of greater
than 400»ft3/ton of coal is indicated in many of the samples. Again, the
impurities, as shown previously in rank analyses, are having their effect on
the gas content. The deepest and shallowest coal seams in the Whitmore Park
No. 2 well were compared in their total gas contents, however, no correlation
with depth was apparent. There was only about a 300-foot difference in these

depths, so that difference 1s probably not detectable from the desorption

data.

The Table 2 in last month's report showing some of the rank analysis
values with methane contents obtained by measurement, after correction for
high ash plus moisture contents and estimated by U.S. Bureau of Mines (U.S.B.M.)
adsorption equation, hasbeen included in this report also. The measured
values are now the final ones, and the corrected values are now calculated
from the final measured amounts. The estimated calculations by the U.S.B.M.
equation have also now been completed for all the samples. The corrected
values reflect considerable increases in the total amounts in the high ash
plus moisture contents, but fail to bring all of them up to the 400 ft3/ton
level. A general observation from using the U.S.B.M. equation to calculate
gas contents using rank analysis data is that the results are, in most cases,

higher than the actual measured values.

Gas samples taken during the last stages of desorption on some of the
samples have been collected and analyzed by mass spectrometer. There is little
change in the gas composition from earlier samples., Residual gas samples were
not taken due to the introduction of large quantities of air into the residual

gas container, making an analysis unreliable.

Sincerely,

O Foilirtrerts

0. P, Funderburk
Senior Advisor
Reservoir Sample Analysis

OPF/cel

283



‘uoTIBWIISD 2de[d-UT 10j BINWIO) uolidiospe SOUTW JO neaing °S°(} Buysn paiendIe)y (¢

*snouadomoyuou £1qeqoid Buiqiosap aydwes [en3de ‘pajedJpPul SIUSIUCD BANISYow pue Yse moy Y3noyiry (¢

©JUd3U0D YSE puE IANISTOW TEBIOF %0°'G O3 Pa3dsrio]d (g

*(se8 TenpIsaa SapnTIUT) SIVIJUOCD Bueylaw Teiol ()

8T 1dS SUIW

SLT — - Sy 0°¢ 8Z°1 - doad3ng uodued yd0y q8d1) IBIPIC

98% (1% 70y 911 €1 1 LE-%E617 2U0Z UOSTI) 19mO7] LT 1dS T °"ON °d’

62S (8¢ (8¢ 14 L't €' 1 LE-vE6T auoz uosITH 22addp 9T 1dS ¢ "ON °d°

L9¢ 062 L8T £°6C 11 €S°1 £887 (*q3ed) %@2a) Ysid ST 1dS T °"ON °d°

SLy €Iy €1y e 1 0€°t £€9-6°7987 138uta3g uodue) ¥doy iaddn 9T T1dS T "ON °d°

STY GSy 0% 9°61 €T o't S LL-9.8C 133Ut 3S €T 1dS € "ON °d-°

T0S Amvomw %8¢ AR 9°1 €€° T §T(9-%98C 120D uokuey }o0y ZT1 1dS T "ON “d-

| ¥AY otL 8LY G 8¢ 11 $9°'1 £0LT 198uta3g apysfuung 1T 1dS T "ON °d-

Le 9ty 76¢ 8°9¢ €1 96T 0Z~-%1L2 aprsiuung 1amo7 0T 1dS T "OR "d-

Ly Agwwm 81€ 0°9 0°z 0€° T 8897 1a3uy13g Teo)d 6 1dS T "ON 'd°

86¢€ 86% 9zY 6° LT 9°1 VAN %992 aa3uta3g feod 8 TdS T "ON "d-

8%y €YY €9y 1€ 8°1 AT 660¢ TeOD UOSTTH ¢ T4 1 "ON “d°

vimumﬁumm vavouuwuuoo vvmunmmwz ysy % 2INISTOWN % .»uu\w 33 ‘yadeg uot3diosaq ay1dueg
aOu\mu.« ‘3uajuo) sueylIsy TEIOL uwmcmn
Z T4Vl

284



Monthly Report for May 1980

IGT

EDUCATION - RESEARCH

INSTITUTE OF GAS TECHNOLOQGY . 3424 SOUTH STATE STREET + lIT CENTER * CHICAGBO, ILLINOIS 60616
GENERAL PHONE 312/567-3650

TELEX 25-6189
DIRECT DIAL 312/5667- 5818

June 11, 1980

Mr, Larry Allred

Mountain Fuel Resources

36 South State Street

Suite 1540

Salt Lake City, Utah 84111

Re: Monthly Letter Report (May 1980)
"Methane From Unmineable Coal
Seams," IGT Project No. 65019

Dear Mr. Allred:

Last month's report included all the completed data on methane content
by direct desorption of the coal samples under test. Previous reports also
included the analyses of desorbed gases at different stages of their
descrption and the routine coal rank and characterization anmalyses. A portion
of these samples are being retained for any future characterization analyses

that may be needed.

The work for this month has concentrated on testing the coal samples for
other properties, particularly those that are needed for use in the computer
simulation program for methane production. It should be noted at this point
that most of the data remaining to be obtained require measurements made on
specially prepared plugs taken from the coal samples. The only samples that
are available which are sufficiently large enough for plugging is from limited
pieces of 3-1/2 inch core from the Whitmore Park No. 2 Gilson seam., Adsorption~
desorption isotherm data do not require plugs. However, if different size
particles are tested for methane diffuslon rates, a considerable amount of
coal may be required to obtain a large enough quantity of each size for
testing. Since the rank analyses, methane contents, and general characteriza-
tion of all the different seams that were sampled have been found to be very

similar, our efforts will be concentrated on the Gilson coal seam by necessity
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Mr. Larry Allred June 16, 1980
Page 2 Project No. 65019

due to lack of sufficient samples of the others. Also, this Gilson seam is
the thickest of those encountered and is scheduled to be the first seam to

be individually tested for methane production.

A pulverized sample of Gilson coal was prepared for obtaining an equili-
brium adsorption isotherm for methane adsorption. The preparation included
a treatment for removing the last traces of gas and water vapor. This was
accomplished by treatment in a vacuum oven at 130°C for 24 hours. The sample
was removed from the oven and placed into a vacuum-pressure system that was
equipped with sensitive pressure transducers for pressure measurements. Pure
gases from high-pressure cylinders were used in the determination. Helium
was used to determine volumes in the system by expansion and calculation by
Boyles Law. The ideal gas equation was used to determine the amount of
methane adsorbed in the coal at various pressures. 1t was found that even a
pulverized sample of the coal required some equilibration time after each
pressure was introduced. Six individual steps were used in which the pressure
ranged from near zero to about 102 atmospheres, absolute (1500 psi). The
ranges used and corresponding quantity of methane adsorbed are shown in

Table 1. Figure 1, Curve 1, shows a plot of the isotherm.

These data indicate a characteristic equilibrium adsorption isotherm.
The adsorption, which is rather steep at the lower pressures, begins to
flatten out as the pressure increases. This is explained by the fact that
as the pore system begins to f£ill with methane, the pressure must become
greater and greater 1in order to adsorb less and less methane. It is
interesting to note that at the final experimental pressure point (about
102 atmospheres or 1500 psi), the methane content was about 14.8 cm3/g.

The amount of methane desorbed from the Whitmore Park No. 1 Gilson coal
seam was 13.9 cm3/g (443 SCF/ton). The hydraulic head on that coal seam was
observed to be about 500 feet subsurface using an echometer. Assuming fresh
water in the coal, reservoir pressure at the depth of sampling (3100 feet) 1is
egtimated to be —

(3100 — 500) 0.434 = 1128 psig.

Figure 1 reveals very close agreement between the amount of methane
actually desorbed from the sample and the value expected from the sample and

the medsured adsorption isotherm at a pressure of 1142 psia. It, therefore,
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appears that the Whitmore Park No. 1 Gilson seam contains the maximum possible

amount of methane for its reservoir pressure.

Figure 1 also shows the isotherm assumed for prior computer simulation
of Gilson coal seam production., This assumed isotherm was based upon prior
USBM work .as described in the Mountain Fuel Supply Phase I report. Comparison
of the assumed and measured values reveals that the coal contains 677 more

methane than previously assumed.

If the minimum bottom~hole pressure during production is 100 psia, as
previously assumed for computer simulation, the maximum amount of producible
methane will be 7.0 cm3/g (224 SCF/ton) rather than the 5.0 cm3/g (160 scCr/
ton) deduced from the assumed isotherm. If a lower mean pressure in the coal
seam can be achieved in practice, methane production will increase substantially.

This is because half of the methane remains adsorbed on the coal at 100 psia.

Presently we are in the process of determining a desorption isotherm on
the same pulverized sample as the adsorption work discussed above. This is
not complete. It has been found that considerable time for desorption equili-
brium is being required for each desorption step even using a pulverized sample.
Also, some very minor modifications of the equipment to eliminate a small

pressure restriction may be done before the desorption run is completed.

Sincerely,

N cirbisrfr

0. P, Funderburk
Senior Advisor
- Reservoir Sample Analysis

OPF/cel
Attachments



Table 1.

Step No.

WHITMORE PARK NO. 1 COAL (3100 Feet) ADSORPTION
ISOTHERM — 25°C, PULVERIZED SAMPLE
Pressure Range (Absolute)
Methane gontent,
Initial Final cm”/g
atm psi atm psi
0 0 2.3347 34.3 2.42
2.3347 34,3 6.3522 93.4 5.84
6.3522 93.4 13,8982 204.3 8.61
13,8982 204.3 41,6945 612.9 12.06
41,6945 612.9 74.7030 1098.1 13.81
74.7030 1098.1 102.3424 1504.4 14,81
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MOUNTAIN FUEL SUPPLY COMPANY
WHITMORE PARK WELL NO. 1
LEASE: FEE
SECTION 34, T.12S., R.12E., SLB & M, CARBON COUNTY, UTAH
10-POINT PLAN

1. The surface formation is Colton Formation.

2. The estimated tops of important geological markers:

Lower Sunnyside 2,890' Gilson 3,098'
Rock Canyon 3,060' Kenilworth 3,143"
Fish Creek 3,080' Total Depth: 3,200'

(All above zones are coal seams which are the Black Hawk member of the
Mesa Verde Formation)

3. Estimated depths of anticipated water, oil, gas or other mineral bearing
formations that are expected to be encountered:

No water flows expected. No oil expected. Gas expected in above
described coal beds.

The coal seams to be tested are defined as unminable coal.

4. The proposed casing program, including the size, grade and welght per foot
of each casing string and whether new or used is:

Surface: 0-200'; 200'; 8-5/8"; 32#; K~-55; 8rd THD; ST&C; NEW
Production: 0-3,200'; 3,200'; 4-1/2"; 116#; K-55; 8rd THD; ST&C; NEW

5. Operators minimum specifications for pressure control equipment requires
a 10-inch, 3000 psi double gate blowout preventer with 4-1/2" pipe rams in
the bottom and blind rams in the top, and a 10~inch 3000 psi rotating pre-~
venter from 200' to total depth. See attached diagram. Blowout preventers
will be tested by rig equipment after each string of casing is run.

6. Air will be used to drill the well from O' to total depth. If air drilling
is not feasible, a water gel base mud system will be used.

7. Auxiliary equipment will consist of: (1) A manually operated kelly cock;
(2) A Baker float at bit; (3) No monitoring equipment for mud system {(air
drill); (4) Full opening Shafer floor valve manually operated.

8. No drill stem tests. Coring from 2,890' to 3,150'.
Logging: DIL Sonic Density Gamma Ray Neutron from bottom of surface casing

to total depth.

The well stimulation will comsist of a foam frac with approximately 30,000
gallons liquid and approximately 70,000 pounds of sand, 20-40 mesh.

9. No abnormal pressures expected. No abnormal temperatures expected. No
HyS expected.

10. Anticipated spud date is approximately September 10, 1979. Duration of
drilling operations are expected to be approximately five days. Stimulation

and completion to last approximately 30 days.
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DEVELOPMENT PLAN FOR U.S.G.S. APPROVAL OF SURFACE USE
MOUNTAIN FUEL SUPPLY COMPANY DRILLING WELLS

Well Name - Mathis Canyon Well No. 3

Field or Area -~ Carbon County, Utah

1. Existing Roads =~
A) Proposed well site as staked - Refer to well location plat no. M-13672, well
pad Tayout map no. MN-I3673 and area map no. M-13677 for location of well, access
road, cuts and fills, directional reference stakes, etc.
B) Route and distance from nearest town or locatable reference point to
where well access route leaves main road - Refer to area map no. M~13677
From the well to Price, Utah is 14 miles.

C) Access road to location - Refer to well location plat no. M-13672 and area map
no. M-~I567/ for access road. {Color coded red for existing road and blue for road
to be constructed.) ~

D) 1If exploratory well, all existing roads within a 3-mile radius of well

site - Refer to area map no. M~13677. This well is an experimental well.
The coal seams will be stimulated for the purpose of withdrawing methane.

E) If development well, all existing roads within a l-mile radius -~
Not a development well.

F) Plans for improvement and/or maintenance of existing roads -
An existing ~oad as shown on area map No. M-13677 will be used for the wells access.

2. Planned Access Road -~ An existing road to be used for access.
A) Width - 16' wide from shoulder to shoulder.

B) Maximum grade - The maximum grade on the road is 12 percemt. ... :i:__:2:2

C) Turnouts - No turnouts will be constructed.

D) Drainage design - A drainage ditch on the uphill side of the road will be
constructed. It will be a minimum of one foot below the surface of the road.
No water diversion ditches are anticipated.

E) Location and size of culverts and description of maior cuts and fills -
1) No culverts required, A Kansas crossing will be used on Willow Creek. The
existing road was constructed to allow water drainage.

2) No new roads or existing roads to be constructed. The existing road has
several side hill cuts.

F) Surfacing wmaterial - None anticipated.

G) Necessary gates, cattle puards or fence cuts - None required, 295




H) New or reconstructed roads -~ No new roads required.

3. Location of Existing Wells - Refer to area map no. M-13677
A) Water wells -= None within the area.

B) Abandoned wells - An abandoned well is located on the north line of Section
27, as shown on the area map.

C) Temporarily abandoned wells = None within the area.

.D) Disposal wells - None within the area.

E) Drilling wells - None within the area,

F) Producing wells - None within the area.

G) Shut-in wells - None within the area.

H) Iniection wells - None within the area.

1) Monitoring or observation wells for other resources - geveral coal core holes
are Jocated within the area. ’

4, location of Existing And/Or Proposed Facilities - Refer to area map no. M-13677
A) 1) Tank batteries - None within the area.

2) Production facilities = None within the area.

3) 01l gathering lines - None within the area.

4) Gas gathering lines - None within the area.

5) Injection lines - None within the area.

6) Disposal lines = None within the area.

B) 1) Proposed location and attendent lines by flagging if off the well pad -
None to be installed. The gas will be flared during testing operations. If the

project does prove to produce enough gas to justify a pipeline, then a pipeline will
be dealt with under formal right-of-way.

2) Dimensions of facilities ~ Refer to drawing No. M-13680 for proposed
testing facilities.

3) Construction methods and materials =All on-location line will be surface.
The separator will be a prefabricated unit. The flare stake will be anchored. The
296 sump pit will be installed as described in Parc 4.




6.

7.

9.

4) Protective measures and devices to protect livestock and wildlife
All sump pits will be fenced. The fence shall be woven wire at least 48-inches
high and within 4-inches of the ground. If oil is in the sump pit, the pit will
be overhead flagged to keep birds out.

C) Plans for rehabilitation of disturbed area no longer needed for operations
after construction is completed =  Areas of nome use will be restored and
reseeded as recommended by the B.L.M.

5, Location and Type of Water Supply -
A) Location of water - Willow Creek - Point of diversion will be the SW 1/4 NE 1/4

Section 21, T.12S., R.1QE.

B) Method of transporting water - To be hauled by tank truck.

C) Uater well to be drilled on lease - None

Source of Construction Material - None anticipated.
A) Informarion -

B) Identifv if from Federal or Indizn land -

o dhere materials are to be obtained and vsed -

D) Access roads crossing Federal or Indian lands -

Method for Handling Waste Disposal -

A-D)Cuttings and drilling fluids will be placed in the mud pit. Any produced 1liquids
will be placed in test tanks and hauled out by tank trucks. A chemical toilet will be
installed on the well pad. The mud pit shall be constructed with at least 1/2 of its
holding capacity below ground level. It shall be fenced as described in Section 10-A.
E) Garbage and other waste material will be placed in the burn pit and covered over
with wire mesh to contain the garbage.

F) After drilling operations have been completed, the location will be cleared of
litter, and the trash will be burned in the burn pit. The burn pit will be egvered over.
The mud pit liquids will be allowed to evaporate. Any fill material on the mud pit wilt
be compacted with heavy equipment.

Ancillary Faciliries - No camps or airstrips exlst now, and Mountain Fuel Supply Compauy
has no plans to build them.

Well Site Layout - Refer to drawing mo. M-13673

1) Refer to drawing no. M-13674 for cross section of drill pad and mud pit with
cuts and £fills.

2, 3) Refer to the location plat for location of mud tanks, reserve pit, burn pit,
pipe racks, living facilities, soil material stockpile, rig orientation, packing areas
and access roads.

4) The mud pit is to be unlined. The drilling fluids in the reserve plt will be haules
off and disposed of at an acceptable site.
297
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Plans for Restoration of Surface -

A) After drilling operations, the well site will be cleared and cleaned and the
burn pit filled in. Should the well be a dry hole, the surface will be restored
to the extent that it will blend in with the landscape. Prior to the onset of
drilling, the mud pit shall be fenced on three sides. Immediately upon completion
of drilling, the fourth side of the pit will be fenced. The fence will be
maintained until restoration.

B) Revegetation and rehabilitation of the location and access road will be done
to comply with Bureau of Land Management recommendations.

C) Prior to rig release, pits will be fenced and so maintained urtil clean up.
The trash pit will be dug so when filled, the depth will be at least three-feet
below the finished contour of the location.

D) If o0il is in the mud pit, overhead flagging will be installed to keep birds
out,

E) Clean up will begin within two months after drilling operations have been
completed and the land will be restored at this time.

Other Information -
A) The location lies adjacent to an existing road near the bottom of Mathis Canyon.
The soil is clay and sandstone. The vegetation 1s grass and Juniper treeg

B) The surface is U. S. Government. A portion of the existing access road crosses
Fz2e lands belonging to Pete Bottino.

C) Water can be located in Willow Creek approximately 0.4 miles west of the well
site. No archaeological, cultural or historical sites exist within the area to my
knowledge. No occupied dwellings are within the area.

12. Lessee's or Operator's Representative -
A. J. Maser, Drilling Superintendent, P.0. Box 1129, Rock Springs, Wyoming 82901,
Telephone No. 307-362-5611.

13. Certification -

I hereby certify that I, or persons under my direct supervision, have inspected tha
proposed drill site and access route; that I am familiar with the conditions which
presently exist; that the statements made in this plan are, to the best of my
knowledge, true and correct; and, that the work associated with the operations proposed
herein will be performed by Mountain Fuel Supply Company and its contractors and sub-

contractors in conformity with this plan and the terms and conditions under which it is

approved.

Date 6/7/79 Name __ Z2 4. 2ot/
Title Drillﬂg Superintendent
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The Proposed Whitmore Unit

The proposed Whitmore Unit is located in the western end of an
imposing physiographic feature known as the Book Cliffs which is 185
miles in length. The southern unit boundary is approximately 10 miles
north of Price, Utah in Carbon County (T12S; R9-11E). The proposed unit
is based on methane contained in known coal formations within the Book
Cliffs Coal Field. Recovery of methane gas from two wells is presently
underway to the southeast of the proposed unit area. The unit outline
is based on projected depth to coal contours between 2,000 feet and
3,500 feet. Projections are made from seismic and topographic map
data, coal data from nearby mines, and well data. Topographically,
the area is characterized by precipitous cliffs with elevations ranging
from 7,200 feet to 8,750 feet within the proposed unit. The major
drilling objectives of the Whitmore Unit are the coal-bearing strata

mainly in the Upper Cretaceous Blackhawk Formation.

Structure

Regionally, the Whitmore area is located on the southwestern
flank of the Uinta Basin Syncline. Major structural elements are
located to the south and southeast of the area and consist of the
San Rafael and Uncompahgre Uplifts. Seismic data, well control and
surface mapping reveal that only regional north dip is present
throughout most of the proposed Whitmore Unit. These data indicate
a dip of approximately 5% degrees or 500 feet per mile. In some
areas to the east of the proposed unit, a dip of up to 8 degrees has

been measured on the surface. A few faults are known to exist, but



generally have displacements of less than 25 feet and should be of

1ittle consequence in the development of the Whitmore Unit.

Stratigraphy

The proposed unit well is designed to test the methane potential
of the coals in the Cretaceous Blackhawk Formation of the Mésaverde
Group. The well will spud in the Tertiary North Horn Formation, and
will penetrate (in descending order) the following formations in the
Mesaverde'Group: (1) Price River Formation (sands and shales with
minor coal); (2) Castlegate Sandstone (sandstone with minor shale);
and {3) Blackhawk Formation (1ittoral and lagoonal deposits of sand
stones, shales and major coal seams).

The Blackhawk Formation was deposited in a progradational sequence
in a deltaic environment of deposition in Upper Cretaceous time. Region-
ally, the Blackhawk Formation can be grossly characterized as being
predominantly non-marine fluvial in the Wasatch Plateau area and marine
in the eastern part of the Book Cliffs.

Across the Whitmore Unit area the Blackhawk Formation should
consist of an upper delta plain sequence in the west and a lower delta
plain sequence in the east. Coals in the upper delta plain tend to
parallel depositional dip, are laterally discontinuous, and occur as
pod-shaped bodies. The coals deposited in the upper delta plain
accumulated on the flood plains adjacent to coexisting meandering
channels. Coals formed in this environmental setting display abrupt
variations in thickness over short lateral distances, and have numerous

splits that occur near channel levees.
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Coals deposited in the Tower delta plain are also elongate
parallel with depositional dip. This trend exists because the only
sites where peat swamps can develop are on the narrow, poorly developed.
levees along the distributary channels. The river-dominated lower
delta-plain channels generally are straight and prograde seawead in
the direction of depositional dip. For this reason, the coals that
develop in this environment are continuous laterally in the deposi-
tional dip direction, but discontinuous parallel with depositional
strike. Seams within the lower delta plain commonly are relatively
thin and contain numerous sp]its. The splits are caused by bay-fill
deposits (crevasse splays) that breached the poorly developed levees
along the distributary channels.

In summary, the coals that are present within the proposed
Whitmore Unit are generally thicker, but more laterally discontinuous
in the western part of the proposed unit than in the eastern part.
Additionally, the coal seams should also display a vertical change.
The coal in the upper part of the Blackhawk Formation should be more
characteristic of the upper delta-plain environment. The lower delta-
plain coals should generally occur stratigraphically lower in the

Blackhawk Formation.

Unit Basis
The basis for the proposed Whitmore Unit was established for
coals between the depths of 2,000 and 3,500 feet within the Blackhawk
Formation. Coals between these depths afford the best prospect for
recovering economic quantities of methane gas from coa]beds in this

area. Methane is contained in these coals and is adsorbed on the
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micropore surface of the coal. The degree of adsorption is dependent
upon the rank of the coal and the depth of the coal. Samples of the
Gilson Coalbed from Mountain Fuel Supply Company's Whitmore Park No. 2
well were examined to determine the degree of adsorption vs. pressure
or coal depth (Appendix 1). According to these tests, the minimum
target coal depth should be approximately 2,000 feet (Appendix 2).
The amount of methane adsorbed into the Gilson coal increased for
depths below 2,000 feet but at a decreasing rate. That is, each succes-
sive increase in coal depth results in a proportionately smaller increase
in adsorbed methane. Therefore, recovery of methane from coals at deeper
depths becomes progressively less attractive as increased drilling costs
are not justified by increased production. The 3,500 foot coal depth
is believed to be the lower depth limit for economic recovery of methane
from coals Within the Whitmore Unit (Appendices 3-5). The 3,500 foot
depth 1imit is based upon the coal rank and adsorption characteristics
of the Blackhawk Formation Coals.

Contours of depth to the uppermost coalbed were developed. The
boundaries for the proposed unit were then set on the south by the
2,000 foot contour and on the north by the 3,500 foot depth contodr.
Several coalbeds exist throughout this unit and are spread over a 700
foot thick interval on the western end of the unit and over a 400 foot
thick interval on the east,

Besides the methane content of coals, the total coal thickness
is a factor in establishing a large enough gas reserve to recover gas
economically., Data indicates a minimum total thickness of 40 feet of

coal is required within the Blackhawk Formation to make the recovery
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of methane economically feasible. The minimum thickness is based upon
approximately 359 cf/ton gas content as measured by Mountain Fuel
Supply Company on Blackhawk Coalbeds near the proposed unit. Verificai
tion of the minimum coal thickness and adsorbed methane content has
been established at the Whitmore Park No. 2 well. The 13 foot thick
Gilson coal seam produced approximately 20 mcfd during an initial

flow test.

Extensive data have been published by H. H. Doe11ing1 which show
coalbed thicknesses in mining areas near the coal outcrop, from one to
three miles south of the proposed unit. These data were used to
project a minimum coal thickness of 40 feet along the western unit

boundary.

Summary

Two east-to-west trending depth to coal contours define the north
and south boundaries of the proposed Whitmore Unit. The unit outline
includes all full and half sections intersected by these contours.

The southern unit boundary is based upon the 2,000 foot depth to coal
contour. The northern boundary limit is the 3,500 foot contour. The
western boundry is limited to a minimum projected coal thickness of
40 feet and severe topographic changes that would interfere with the
access to economically drillable locations. Several major canyons
immediately to the west of the proposed unit would be environmentally

and logistically difficult to develop if included within the unit.

]H. H. Doelling, Central Utah Coal Fields: Sevier-Sanpete, Wasatch

Plateau, Book C1iffs and Emery {Utah Geological and Mineralogical
Survey, Monograph Series No. 3, 1972), page 577.
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The eastern boundary of the proposed unit is set on the basis of the
minimum amount of coal thickness that can be projected from well data
and measured sections.

To evaluate the proposed Whitmore Unit, a well will be drilled
to test the Blackhawk Formation coalbeds in the SE% NE% of Sec. 17-
T12S-R11E. The total depth of the proposed unit well will be 3,500
feet. Future drilling within the proposed unit will be contingent
upon the results of the initial well.

Respectfully submitted this day of June, 1981.

By
G. G. Francis
Western Division
Exploration Manager
Mountain Fuel Supply Company
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APPENDIX 1
SUMMARY OF CORE SAMPLE DESORPTION DATA

Total Gas Total Gas
Depth Desorbed Desorbed
Coal Seam Location Feet Laboratory cc/Gm cu.ft./ton
Subseam 1 125,9E,Sect .29 2,083 UGMS 9.9 317
Subseam 2 125,9E,Sect .28 1,435 UGMS 8.4 269
Castlegate A 125,9E,Sect.28 2,641 UGMS 8.9 285
Castlegate A 125,9E,Sect.28 2,655 UGMS 9.4 301
Kenilworth 125,9E,Sect. 33 785 UGMS 6.6 211*
Unnamed 12S,10E,Sect. 34 2,080 UGMS 6.1 195*
Castlegate A 12S,10E,Sect.34 2,558 UGMS 5.9 189+
Castlegate C 125,10E,Sect.27 3,176 UGMS 11.0 353
Kenilworth 125,10E,Sect.27 3,291 UGMS 10.6 340
Kenilworth 125,10E,Sect .26 2,449 UGMS 10.9 350
Sunnyside 135,12E,Sect.4 1,798 UGMS 4.8 152*
Rock Canyon{u) 13S,12E,Sect.4 2,339 UGMS 2.8 89*
Rock Canyon{L) 135,12E,Sect.4 2,352 UGMS 5.4 172%
Coal Stringer 12S,12E,Sect.34 2,664 IGT 13.3 426
Sunnyside 125,12E ,Sect .34 2,703 IGT 12.7 406
Lower Sunnyside 12S,712E,Sect.34 2,714-20 IGT 9.1 292
Sunnyside 125, 12E,Sect . 34 2,720 UGMS 5.3 169*
Rock Canyon  125,12E,Sect.34 2,863 1GT 12.9 413
Rock Canyon  12S,12E,Sect.34 2,865 MFR 10.8 345
Rock Canyon  125,12E,Sect.34 2,867 MFR 12.6 403
Fish Creek 125,12E,Sect. 34 2,877 IGT 12.5 400
Gilson 125,12E,Sect .34 2,934 MFR 10.5 335
Gilson 12S,12E ,Sect. 34 2,935 UGMS 6.7 216*
Gilson 125,12E,Sect .34 2,934-7 IGT 12.1 387
Gilson 125,12E,Sect. 34 2,934-.7 IGT 12.6 403
Gilson 125,12E,Sect .34 3,097 UGMS 6.6 212*
Gilson 125,12E,Sect .34 3,099 IGT 13.9 443
Avergae Gas Content Without Questionable Data = 359

*Questionable Data Due to Leaking Containers
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APPENDIX 2

Correlation of UGMS Gas Content Data for Blackhawk Coals

METHANE

CONTENT

SCF/TON

500

400

300

200

100

© Costiegate A
(D Costisgote C

@ Costlegate D
L (3] Rock Conyon

[ Sunnyside
[\ Fishereex
Q) Gitson
A Kenilworth
- Ll‘_& Unknown —_
)
|~ Jaa |
0 1000 2000 3000

DEPTH — FEET

4000

307



APPENDIX 3

VYolumetric Calculation of Gas in Place in the Blackhawk Formation Coal
Seam, Proposed Whitmore Unit, Carbon County, Utah.

Given
Average Cocal Seam Depth 3,000 feet
Net Pay Thickness : 40 feet
Productive Area 80 acres
Weight of Coal 82.5 1b./cf
Gas Content 359 scf/ton
Water Saturation 100%
Gas Gravity .60
Reservoir Temperature 750 F
Percent Gas Recoverable 15%

Solve for Gas in Place

Gy = 43,560 x 80 acres x 40 ft. x 82.5 1bs./cf x ton/2,000 1bs.
Xx 359 scf/ton

Gy, = 2,064,221 MCF

Solve for Recoverable Gas
Gy = (2,064,221) (.15)
309,633 MCF

Gr
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APPENDIX 4

ECONOMIC ANALYSIS FOR 2,500 FOOT WELL
(Most Likely Case)

Given

Number of Years of Analysis 15 years
First Year of Evaluation and Production 1981 ]
Total Gas Reserves 2,064 MMCF2
Recoverable Reserves 310 MMCF
1981 Primary Gas Price $6.50/MCF
Total Tangible Investments $103,200

Total Intangible Investments $239,800
Salvage Value $5,4003

General and Administrative Expenses
Operating Cost

$1,000 per year
18% of revenues

Advalorem Tax Rate 1.5%
Severance Tax Rate on Gas 4.0%
Federal Income Tax Rate 47.67%
Depreciable Life on Equipment 10 years
Investment Tax Credit 10%
Discount Rate 16%

Escalation on Prices and Costs

10% per year

Results
Net Present Value of Pre Tax Cash Flow $168,279
Present Worth After Tax Cash Flow $70,935
Before Tax Discounted Cash Flow
Rate of Return 24.89%
After Tax Discounted Cash Flow 4
Rate of Return 22.093
Discountea Profit/Investment 0.19
After Tax Discounted Profit/Investment 1.67
After Tax Return on Investment 2.67
Maximum Negative Cash Flow -$165,112
Payout 5.70 years

Gross Gas Produced
Net Interest Gas
Net Revenue Gas

140.087 MMCF
122.576 MMCF
$1,578,943

Operating Cost $49,971
General and Administrative Costs $31,772
Local Taxes $86,842
Depreciation $97,800
Total Deductions $506,184
Capital Investment $337,600
Pre Tax Cash Flow $1,072,752
Federal Income Tax $501,063
After Tax Cash Flow £571,694

See Appendix 3
2 see Appendix 3

407 of compressor and dehydrator capital

55 total wells.

costs prorated for one of

Mountain Fuel Supply Company required rate of return is 167.
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APPENDIX 5

ECONOMIC ANALYSIS FOR 3,500 FOOT WELL
(Economic Limit Case)

Given

Numbeyr of Years of Analysis

First Year of Evaluation and Production

Total Gas Reserves

Recoverable Reserves

1981 Primary Gas Price

Total Tangible Investments
Total Intangible Investments
Salvage Value

General and Administrative Expenses
Operating Cost

Advalorem Tax Rate

Severance Tax Rate on Gas
Federal Income Tax Rate
Depreciable Life on Equipment
Investment Tax Credit

Discount Rate

Escalation on Prices and Costs

Results

Net Present Value of Pre Tax Cash Flow

Present Worth After Tax Cash Flow

Before Tax Discounted Cash Flow
Rate of Return

After Tax Discounted Cash Flow
Rate of Return

Discounted Profit/Investment

After Tax Discounted Profit/Investment

After Tax Return on Investment

Maximum Negative Cash Flow

Payout

Gross Gas Produced

Net Interest Gas

Net Revenue Gas

Operating Cost

General and Administrative Costs

Local Taxes

Depreciation

Total Deductions

Capital Investment

Pre Tax Cash Flow

Federal Income Tax

After Tax Cash Flow

See Appendix 3
See Appendix 3

407 of compressor and dehydrator capital

55 total wells.

15 years
1981 1
2,064 MMCF2
310 MMCF
$6.50/MCF
$126,434
$346,566
$5,4003
$1,000 per year
18% of revenues
1.5%
4.0%
47.67%
10 years
10%
16%
10% per year

$65,822
$13,474

18.56%

16.87%"
0.03
1.18
2.18
--$237.127
6.83 years
140.087 MMCF
122.576 MMCF
$1,578,943
$49,971
$31,772
$92,886
$121,034
$645,705
$467,600
$1,043,127
$484,615
$588,512

costs prorated for one of

Mountain Fuel Supply Company required rate of return is 167.
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Whitmore Park Well No, 1
API #: 43-007-30045 Wexpro Company, Operator

Leasge No.: Fee Permit No.: 43-007-30045
Projected depth: 532" FNL, 1701' FEL June 18, 1979
3200' Kenilworth (WC) NW NE 34-125-12E

Carbon County, Utah

Ground elevation 7398°'

Drilling contractor: Veco Drilling Company - Rig No. 1
SPUDDED OCTOBER 5, 1979 at 8:00 p.m.

October 6, 1979:

Depth 200', 200', day 1, pump 175, table 65, wt on bit 5 tons, water, bit #1, 12%" dgh cut
200' from 0' to 200' in 9-3/4 hours, survey 133' 0°, lost time 14% hours--¥% rig service and
survey; 14 drill rat hole, rig up water pump and prepare to spud. Drilling.

October 7, 1979:

Depth 215', 15', days 2, pump 200, table 60, wt on bit 5 tons, mud wt 8.9, vis 36, bit #1
12" dgh cut 15' from 200' to 215' in 1% hours, survey 215' %°, lost time 22% hours--% sur-
vey; 1 trip out; 1 rig up and run 5 jts 8-5/8", 32#, K-55, ST&C casing, landed at 210.21';
1 circulate and cement casing with 150 sacks of regular G cement treated with 57 D-43A,
cement in place at 10:45 a.m. on October 6, 1979; 6 WOC; 11 nipple and drill with air; 1
test BOP to 10004, held OK. Drilling cement.

October 8, 1979:

Tepth 677', 4627, days 3, air 210, table 65, wt on bit 10 toms, bit #2, 7-7/8" £3 cut 462'
from 215' to 677' in 15 hours, lost time 9 hours—&%s wait on welder, repair goose neck on
swivel; 3% repair air booster; 1 drill cement. Drilling.

October 9, 1979:

Depth 818', 141', days 4, pump 600, table 65, wt on bit 10 toms, mud wt 9.5, vis 70, sand
%%, w1l 4, fc 1/32, ph 12, solids 12.5, bit #2, 7-7/8" £3 cut 141' from 677' to 818' in 7%
hours, survey 750' %°, lost time 16% hours--13-3/4 water flow at 770', 45# psi surface
pressure, tripped out, changed jets in bit, rigged up flow line, mix mud and mud up to 10
Ppg; 1 trip in; 1 work on pumps; % kill water flow, lost 70 barrels of 10 ppg mud, flow
starts at 9.5 ppg. Drilling.

October 10, 1979:

Depth 1090', 272', days 5, pump 700, table 65, wt on bit 10 toms, mud wt 9.6, vis 47, sand
%, wl 10, fc 2/32, ph 9, solids 8.5, LCM 15%, bit #2, 7-7/8" £3 cut 272' from 818' to 1090’
in 22 hours, lost time 2 hours--2 mix mud, LCM and kill water flow. Drilling.

CASING REPORT

Landed 8-5/8" OD, 32#, K-55, ST&C casing at 210.61' KBM, set with 150 sacks regular G
treated with 5% D-43A, returned 5 barrels cement to surface, cement in place at 10:45 a.m.
on October 6, 1879.

October 11, 1979:

Depth 1351', 261', days 6, pump 350, table 65, wt on bit 20 tons, mud wt 9.6, vis 40 sand
1%, wl 8.8, fc 2/32, ph 9, solids 9, LCM 12%, bit £#2, 7~7/8" £3 cut 261" from 1090" to
1351' in 19% hours, lost time 4% hours--4% trip out and pick up 10 drill collars, lost 150
barrels mud from 1150' to 1300°'. Drilling.
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Whitmore Park Well No. 1

October 12, 1979:

Depth 1681', 330', days 7, pump 800, table 60, wt on bit 20 tons, mud wt 9.6, vis 53, sand-
1%, wl 4.8, fc 2/32, ph 10.5, solids 12, LCM 10%, bit #2, 7-7/8" £3 cut 330' from 1351'

to 1681' in 24 hours, no mud loss. Drilling.

October 13, 1979: .
Depth 1942', 261', days 8, pump 800, table 65, wt on bit 20 tons, mud wt 9.7, vis 53, sand
1%, wl 5.6, fc 2/32, ph 10, solids 11, 8% LCM, bit #2, 7-7/8" £3 cut 125' from 1681' to 180¢'
in 10 hours, bit #3, 7-7/8" £2 cut 136' 1806"' to 1942' in 10 hours, drilling time 20 hours,
lost time 4 hours—3% trip; % rig service. Drilling.

October 14, 197%:

Depth 22853', 343' days 9, pump 800, table 60, wt on bit 20 tomns, wmud wt 9.8, vis 45, sand
3/4%, wl 6.8, fc 2/32, ph 10, solids 11, bit #3, 7-7/8" £2 cut 343" from 1942' to 2285' in
24 hours, Drilling.

October 15, 1979:

Depth 2493', 208', days 10, pump 800, table 60, wt on bit 20 tons, mud wt 9.7, vis 50, sand
%%, wl 8, fc¢ 2/32, ph 10, solids 11, LCM 8%, bit #3, 7-7/8" £2 cut 208' from 2285' to 2493'
in 22% hours, lost time 1% hours--) survey; 1 trip out. Trip.

October 16, 1979:

Depth 2493', 0', days 11, pump 800, table 90, wt on bit 4 tons, mud wt 9.8, vis 53, sand

%%, w1 8.8, fc 2/32, ph 10, solids 11%, LCM 8%, bit #4, 7-7/8" dtg ream, bit #5, 7-7/8" h7sg
ream, lost time 24 hours--5 trip out; 1% trip in o 2283'; 4% wash from 2283' to 2410', bit
#3 was 1-3/4" out of gauge, reamed from 2410' to 2480'; 4 trip out with bit #4, 1%" out of
gauge; 5 break drill collars and wait on 6-point knobby reamer; 1% pick up bit and trip in
to 600'; 2% ream from 600' to 690'. Reaming at 690'.

October 17, 1979:

Depth 2568', 75', days 12, puwmp 80, table 50, wt onm bit 20 tons, mud wt 9.7, vis 42, sand
3/4%, w1 5.6, fc 2/32, ph 10, solids 11, LCM 8%, bit #5, 7-7/8" h7sg cut 32' from 2493' to
2525' in 3 hours, bit #6, 7-7/8" h7sg cut 43' from 2525' to 2568' in 4% hours, drilling time
7% hours, lost time 16% hours--2 ream 700' with 6-point reamer; 3% trip out and lay down
6-point reamer; 4% ream with bit #5 from 2410' to 2493'; 5 trip for bit #6, recovered part
of junk and a tong die, bit #5 full gauge; 1} wash and ream to bottom with bit #6. Drilling.

October 18, 1979:

Depth 2650', 82', days 13, pump 800, table 50, wt on bit 20 toms, mud wt 9.8, vis 44, sand
3/4%, w1l 5.6, fc 2/32, ph 10, solids 11, 8% LCM, bit #6, 7-7/8" h7sg cut 82' from 2568' to
2650' in 11 hours, survey 2650' 5%°, lost time 13 hours-——1 circulate; 8 trip; 2 wait on
Christensen; 2 pick up and make core barrel. Trip for core barrel.

October 19, 1979:

Depth 2650', 0', days 14, pump 800, table 50, wt on bit 2 tons, mud wt 9.5, vis 43, sand
1%%, wl 8, fc 2/32, ph 10, solids 11, bit #7, 7-7/8" h7sj cut 1800' from 850' to 2650' in
10 hours, lost time 24 hours--2 trip in with core barrel, hit bridge at B850'; 3 trip out,
stand back core barrel, pick up bit and 3-point reamer, trip in to 840'; 10 ream tight hole
850~2650"; 3 trip out with bit and reamer; 3 trip for core barrel to 840'; 3 ream in with
core barrel. Ream in with core barrel.
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Whitmore Park Well No. 1

October 20, 1979:

Depth 2650', 0', days 15, pump 800, table 50, wt on bit 2 tons, mud wt 9.7, vis 43,
sand 1-1/2%, w1l 8, fc 2/32, ph 10, solids 11, bit #7, 7-7/8" h7sj reamed from 550'
to 1625' in 12 hrs, lost time 24 hrs--2 ream with core barrel to 900'; 2 trip out;

2 stand back core barrel & pick up 6 pt. reamer & bit; 1 trip in to 550'; 12 ream
from 550" to 1625'; 2 trip out, lay down 6 pt. reamer; 2 change core barrels; 1 trip
in with core barrel. Trip with core barrel.

October 21, 1979:

Depth 2681', 31', days 16, pump 800, table 55, wt on bit 10 toms, mud wt 9.8, vis 45,
sand 1~1/2%, w1l 8, fc 2/32, ph 10, solids 14, 5% LCM, bit C.H. #1, core #1, 6-3/4"

chris mc231l cut 31' from 2650' to 2681' in 6-1/2 hrs, drilling time 6-1/2 hrs, lost time
17-1/2 hrs--8 trip with 7-7/8" core head, clean out tight spots, could not get below
2370'; 6 trip out, lay down 7-7/8" core barrel and core head, pick up 5-3/4" core
barrel & 6-3/4" core head; 3-1/2 trip im hole, wash in core #1. Cut core #1.

October 22, 1979:

Depth 2726', 45', days 17, pump 800, table 55, wt on bit 10 tons, mud wt 9.8, vis 45,

sand 1-1/2%, w1l 8, fc 2/32, ph 10, solids 14, 5% LCM, bit C.H. #1, core #1, 6-3/4" mc231
cut 29' from 2681l' to 2710' in 7 hrs, bit C.H. #1, core #2, 6-3/4" mc231 cut 16' from 2710
to 2726' in 4-1/2 hrs, drilling time 11-1/2 hrs, lost time 12-1/2 hrs--4 trip out with
core #1, lay down core & service barrel, cut 60', recovered 60'; 2 pump repairs; 3-1/2
trip in for core #2; 3 trip out with core #2, barrel jammed. Trip out with core #2.

October 23, 1979:

Depth 2750, 24', days 18, pump 800, table 55, wt on bit 10 tons, mud wt 9.8, vis 50,
sand 17, wl 8, fc 2/32, ph 11, solids 11, 2% LCM, bit C.H. #1, core #3, 6-3/4" chris
me231 cut 24' frem 2726' to 2750' in 7 hrs, bit #7, 7-7/8" h7sj reamed, drilling time

7 hrs, lost time 17 hrs—1 trip out with core #2, handle core & core barrel; 4 trip for
core #3, handle core and core barrel, had full recovery on both cores; 2 clean mud pits;
10 trip in with bit and 3 pt. reamer and ream core hole. Ream core hole.

October 24, 1979:

Depth 2789', 39', days 19, pump 800, table 55, wt on bit 12 tons, mud wt 9.8, vis 43,
sand 1-1/2%, wl 10.5, f£c 2/32, ph 10.5, solids 13, bit #7, 7-7/8" h7sj reamed 39°',

bit C.H. #1, core #4, 6-3/4" chris mc231 cut 39' from 2750' to 2789' in 11 hrs, lost time
13 hrs--~5 ream core hole to 2750'; 3 trip & pick up core barrel; 2 cut drilling line;

3 trip in with core barrel for core #4. Cut core #4.

October 25, 1979:

Depth 2950', 161', days 20, pump 800, table 55, wt on bit 10-15 toms, mud wt 9.8,

vis 44, sand 1-1/2%, wl 10, fc 2/32, ph 11, solids 12, bit C.H. #1, core #4, 6-3/4"
chris me231 cut 2' from 2789' to 2791' in 1 hr, bit #8, 7-7/8" £3 cut 159' from 2791'-

to 2950' in 13 hrs, drilling time 14 hrs, lost time 10 hrs-—-6 trip out with core #4,
handle core & lay down core barrel; 3 trip im with bit; 1 ream 41' of core hole, core {4,
2750'-2791', recovered 41', no coal. Drilling.

October 26, 1579:

Depth 3080', 130', days 21, pump 800, table 55, wt on bit 15 tons, mud wt 9.8, vis 43,
sand 1%, wl 9.6, fc 2/32, ph 12, solids 12, 87 LCM, bit #8, 7-7/8" £3 cut 130" from 2950’
to 3080' in 9-1/2 hrs, survey 6-1/4° @ 3080', drilling time 9-1/2 hrs, lost time

14-1/2 hrs~-1-1/2 pump repair; 2 circulate to log; 3 trip out, SLM, no correction; 8 rig
up and run logs, drillers TD 3080.86', log TD 3081'. Logging.
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Whitmore Park Well No. 1

October 27, 1979:

Depth 3080', 0', days 22, pump 600, mud wt 9.8, vis 43, sand 1%, wl 9.6, fc 2/32, ph 12,
LCM 8%, solids 12, lost time 24 hours--2 run logs; 2 trip in; 3% circulate to run casing;
3% lay down drill pipe and collars; 3% rig up and run 5%" casing. Ran 95 jts 5%", 15.5#,
K-55, Brd, LT&C casing, landed at 3079.09' KBM; 1% rig up and circuldte with rig pumps;

1 cement casing with 140 sacks regular G with 2% calcium chloride, full returns throughout,
bumped plug with 1500#, floats held good, cement in place at 11:00 p.m. on October 26, 1979;
7 land casing, nipple up. Nipple up BOP's.

October 28, 1979:

Depth 3080', 0', days 23, air 400, bit #9, 4~5/8" y22r drill cement and plugs, lost time

25 hours-~7 nipple up and rig up to drill with air, pressure tested BOP's to 1000#, held OK;
15 pick up 2-7/8" drill pipe, 4-1/8" drill collars; 2 drilling cement and plugs to 30807;

1 attempt to dry hole at 3080'. Drilling cement and plugs.

October 29, 1979:

Depth 3109', 29", days 24, air 400#, table 55, wt on bit 4 toms, bit # CH#3, core #5, 4-5/8"
by 1-3/4" mc231 cut 8' from 3080"' to 3088' in 1 hour, bit # CH#3, core #6, 4-5/8" x 1-3/4"
mc231 cut 21' from 3088' to 3109' in 2 hours, drilling time 3 hours, lost time 21 hours-—-

2 blow hole, attempt dry same, make water; 3 trip out; 2 pick up 3-1/8" core barrel; 2 trip
in hole; 1 unload hole; 5 trip and lay down core #5, cut 8', recovered 3'; 1 unload hole
for core #6; 5 trip, lay down core #6, cut 21', recovered 15', unload hole at 2000°'.

Trip for core No. 7.

October 30, 1979:

Depth 3177', 68', days 25, air, table 55, wt on bit 4 toms, corehead #3, 4-5/8" x 1-3/4"
Chris. cut 17' from 3109' to 3126' in 4~3/4 hours, bit #10, 4-5/8" y22r cut 51' from 3126'
to 3177' in 7 hours, drilling and coring time 11-3/4 hours, lost time 12% hours--3 trip in
and unload hole with air; 7-3/4 trip out, lay down core #7, core #7 cut and recovered 17°',
lay down core barrel, trip in hole with bit #10; % unload hole at 3177'; 1 lay down 2-7/8"
drill pipe. Lay down 2-7/8" drill pipe.

October 31, 1979:
Depth 3177', 0', days 26, lost time 6 hours—3 lay down drill pipe and drill collars;
3 break out blooie line and BOP.

RIG RELEASED OCTOBER 30, 1979 at 12:00 a.m.

CASING REPORT KB 7407.40'

Landed 54" 0D, 15.5#, K~55, 8rd thd, LT&C casing at 3079.09"' KBM, set with 140 sacks of
regular class G cement treated with 2% calcium chloride, full returns while circulating,
mixing and displacing, floating equipment held OK, cement in place at 11 pm on 10-27-79.
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Whitmore Park Well No. 2
API #: 43-007-30046 Wexpro Company, Operator

Lease No.: Fee Permit No.: 43-007-30046
Projected depth: 1756' FNL, 2250' FWL June 18, 1979
2965' Kenilworth (WC) SE NW 34-12S-~12E., SLB&M

Carbon County, Utah

Ground elevation 7408°

DRILLING CONTRACTOR: Veco Drilling Company =- Rig No. 1
SPUDDED at 8:00 a.m. on November 1, 1979.

November 2, 1979:
Depth 25', 25', day 1, 250 psi air, table 50, wt on bit 2 toms, bit #1 RR, 17%" 0SC cut
25' from 0' to 25' in 6 hours, lost time 18 hours--18 repair rig. Rig repairs.

November 3, 1979:

Depth 37, 12', days 2, air, table 55, wt on bit 2 tons, bit #1, 17%" osc cut 12' from 25'
to 37' in 1% hours, lost time 22% hours--2% repair rotary drive; 3 ran 1 jt. 13-3/8" 0D,
conductor pipe, cemented through 1' pipe with Dowell with 40 sacks of regular G .cement
treated with 3% calcium chloride, cement in place at 11:00 a.m. on November 2, 1979; 17
rig up and drill rat hole and mouse hole. Drill mouse hole.

November 4, 1979:

Depth 44', 7', days 3, air, table 45, wt on bit 2 tons, bit #2, 12%" s3rt cut 7' from 37'
to 44' in 18 hours, lost time 6 hours—-3 drill mouse hole; 3 nipple up on 13-3/8" conductor
pipe with rotating head and blooie lines. Drilling 12%" hole.

November 5, 1979:

Depth 109', 65%, days &4, air, table 45, wt on bit 2 toms, bit #3, 12%" s3j cut 35' from 44'
to .79' in 5% houuvs, bit #3 RR, 12%" v2h cut 30' from 79' to 109' in 4 hours, drilling time
9% hours, lost time 14% hours--14% drill mouse hole. Repair rotary drive.

November 6, 1979:

Depth 450', 341', days 5, air 250, table 60, wt on bit 5 toms, bit #3, 12%" v2h cut 79'
from 109' to 188' in 3-3/4 hours, bit #4, 12%" f4 cut 262' from 188' to 450' in 12% hours,
drilling time 16% hours, lost time 7-3/4 hours--5% rig repairs to rotary drive, repack
swivel and repair air linmes; 2% trip for bit, picked up air hammer. Drilling with air.

November 7, 1979:

Depth 830", 380', days 6, air 250, table 60, wt on bit 5 toms, bit #4, 124" £4 cut 380'
from 450' to 830" in 15% hours, lost time 8)% hours-—1) rig repairs; 1 eirculate with air;
2 trip out; 1 rig to rum casing; 3 run 9-5/8" casing. Running 9-5/8" casing.

November 8, 1979:

326

Depth 1188', 358', days 7, 250, 2000 CFR, table 50, bit #5, 7-7/8" £45 cut 358' from 830'

to 1188' in 8 hours, lost time 16 hours—3/4 cement and displace; 5% walt on cement; 2 back
off conductor; 6 nipple up, test BOP's to 1000#, held OK; 1-3/4 trip im the hole; ¥ drill
cement, picked up small amount of moisture at 938', began mist drilling, ran 20 jts. 9-5/8",
36#, K-55, 8rd thd, ST&C casing, landed at 783.65', cemented with 450 sacks H with 3%
calcium chloride and %f flocele per sack, returned 30 barrels cement to surface, cement in
place at 6:45 a.m. on November 7, 1979. Drilling.

November 9, 1979:

Depth 1985', 797', days 8, air 325, 2000, table 50, wt on bit 14 tons, bit #5, 7-7/8" £45
cut 797' from 1188' to 1985' in 23% hours, survey 1382' 1°, lost time ) hour—J survey.
Drilling.



Whitmore Park Well No. 2

November 10, 1979:

Depth 2310°, 325', days 9, air 350, 2000, table 50, wt on bit 12 toms, bit {#5, 7-7/8" £45
cut 310' from 1985' to 2295' 4in 13% hours, bit #6, 7-7/8" £45 cut 15' from 2295' to 2310°'
in )% hour, survey 2000' 1-3/4°, drilling time 14 hours, lost time 10 hours—% survey;

6 trip; 1 blow hole at 1000'; 2% blow hole at 2245', reamed 2245-2295'. Drilling,

November 11, 1979:

Depth 2550', 240', days 10, air 350, 2000, table 50, wt on bit 12 tons, bit #6, 7-7/8" £45
cut 240' from 2310' to 2550' in 11 hours, CH #1, 7-7/8" mc23, lost time 13 hours—2-3/4
change pumps; 1-3/4 repair rotating head; ) blow hole at 2550'; 3 trip out; 4 pick up core
barrel; 1 trip in with core barrel. Trip in.

November 12, 1979:

Depth 2568', 18', days 11, air 400, table 50, wt on bit 12 tons, bit #1, 7-7/8" mc20 cut
13' from 2550' to 2563' in 2 hours, bit #6 RR, 7-7/8" £45 cut 5' from 2563' to 2568' in 1
hour, drilling time 3 hours, lost time 21 hours-——4 trip, pick up core barrel, blow hole at
1800', clean 60' to bottom; % blow well to trip out; 4% trip out; 2 handle core and lay
down core barrel; 5 trip in with bit and junk sub, clean out bridges and clean bottom for
slip die; % blow well; 3 trip out; % pick up new core barrel. Pick up core barrel.

November 13, .1979:

Depth 2602', 34", days 12, air 400, 2000 cfm, table 50, wt on bit 12 tons, bit #1 core #2,
7-7/8" mc20 cut 34' from 2568' to 2602' in 6 hours, lost time 18 hours—1 pick up and servi:
core barrel; 8 trip in, clean out bridges at 1400', 1800', 2000'; 5% trip in and work throu.
tight hole 1400', 1800', 2000'; 1% lay down core; 2 mix mud. Core #2 cut 34', recovered
33'. Mixing mud.

November 14, 1979:

Depth 2602', 0', days 13, mud wt 9.0, vis 45, sand trace, wl 26, fc 2/32, ph 9.5, solids 3,
lost tima 24 hours--3 mix mud; 5 trip in and clean out; 3 circulate at 2602', condition
hole and mud; 3 trip out for core barrel; 3 clean out and wash bridges; 1l)5 wash bridge at
1800'; 2% trip out and pick up bit and reamer. Pick up bit and reamer.

November 15, 1979:

Depth 2628', 26', days 14, pump 800, table 50, wt on bit 6 tomns, mud wt 8.5, vis 40, sand
%%, wl 14, fc 2/32, ph 9.5, solids 1%, CH #1, core #3, 7-7/8" mc20 cut 26' from 2602' to

2628' in 5% hours, lost time 18% hours--2 trip for bit and reamer; 4% trip in, clean out

bridges; 2% trip out, trip in, no £ill up; 3% trip out; &% pick up core barrel, trip inm,

circulate and start core #3; l% trip out, core jammed. Trip for core #3.

November 16, 1979:

Depth 2688', 60°, days 15, pump 700, table 50, wt on bit 6 toms, mud wt 8.7, vis 59, sand
%%, w1l 6.4, fc 2/32, ph 8.5, solids 5, ch#l, core #4, 7-7/8" mc20 cut 60' from 2628' to
2688' in 13% hours, lost time 10% hours--3 trip out, handle core, service barrel; 3% trip
in, clean out to bottom, cut core #4; 2% trip out for core #4; 1)s handle core and service
barrel. Full recovery on core, no coal. Service core barrel.

November 17, 1979:

Depth 2743', 55', days 16, pump 700, table 50, wt on bit 6 tons, mud wt 8.8, vis 48, sand
4%, wl 16.4, fc 2/32, ph 8.5, solids 4, bit #1, core #5, 7~7/8" mc20 cut 35' from 2688' to
2723' in 8 hours, bit #9, 7-7/8" £3 cut 20' from 2723' to 2743' in 2} hours, drilling time
10% hours, lost time 13% hours--4 trip, circulate, drop ball; 5 trip, handle core, stand
core barrel in derrick; 4% trip in with bit and 6-point reamer. Drilling.
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Whitmore Park Well No. 2

November 18, 1979:

Depth 2862', 119', days 17, pump 700, table 50, wt on bit 6 tons, mud wt 8.9, vis 48, sand
Y%, wl 6.4, fc 2/32, ph 8.5, solids 4, bit #9, 7-7/8" £3 cut 117' from 2743' to 2860' in
11% hours, CH bit #1, core #6, 7-7/8" mc20 cut 2' from 2860' to 2862" in 1 hours, drilling
time 12% hours, lost time 11-3/4 hours~-1 circulate to cut core; 7% trip out with bit, SLM,
no correction, picked up core barrel, trip in and start core #6; 3 trip out, service barrel,
cut 2', recovered 2°, inner barrel swivel locked up. Trip in to cut core #7.

November 19, 1979:

Depth 2920', 58°, days 18, pump 700, table 50, wt on bit 6 tons, mud wt 8.6, vis 48, sand
4%, wl 6.4, £fc 2/32, ph 8.5, solids 4, bit #1, core #7, 7-7/8" mc20 cut 16' from 2862' to
2878' in 4% hours, bit #1, core #8, 7-7/8" mc 20 cut 42' from 2878' to 2920' in 12 hours,
drilling time 16% hours, lost time 7)s hours--2 trip in hole, drop ball for core #7; 5% trip
out, handle core and trip in. Full recovery on core. Core #8.

November 20, 1979:

Depth 2965', 45', days 19, pump 750, table 65, wt on bit 14 tons, mud wt 8.8, vis 45, sand
%7, wl 8.2, fc 2/32, ph B.5, solids 7, ch bit #1, core #8, 7-7/8" mc20 cut 4' from 2920'

to 2924' in % hour, ch #1, core #9, 7-7/8" mc20 cut 18' from 2924' to 2942' in 5 hours,

bit #9, 7-7/8" £3 cut 23" from 2942' to 2965' in 2% hours, drilling time 8 hours, lost time
16 hours--16 trips, lay down core barrel and cores, core #9 cut 18", recovered 14'. Drillin:

November 21, 1979:

Depth 3000', 35, days 20, pump 750, table 65, wt on bit 14 tons, mud wt 8.8, vis 45, sand
Y%, wi 7.2, fc 2/32, ph 8.5, solids 5, bit #7 RR, 7-7/8" £3 cut 35' from 2965' to 3000' in
3 hours, lost time 21 hours—1% circulate to log; 3 trip out; 16)% logging. Logging.

CASING REPORT KB 7417.00'

Landed 9-~5/8" OD, 36#, K-55, 8rd thd, ST&C casing at 783.65' KBM, cemented with 450 sacks
southwest H cement with 3% calcium chloride and 1/4-pound flocele per sack of cement,
returned 30 barrels slurry to surface, cement in place at 6:45 a.m. on November 7, 1979.

November 22, 1979:

Depth 3000', 0', days 21, lost time 24 hours-—~4 log with Schlumberger; 3 trip in hole,
clean out to bottom; 2 circulate and condition hole; 4% lay down drill pipe and drill
collars; 6% rig up and run 5%" casing, ran 73 jts 5%", 15.5#, K-55, 8rd thd, ST&C, landed
at 2929.40' KBM; 4% rig up Schlumberger, rum log to set Peugo packers, shear pins on Peugo
packer, Peugo top packer at 2702', bottom Peugo at 2716', bottom Halliburton packer at
2928', cement 5%" casing with 225 sacks class A treated with 27 calcium chloride and 0.67%
CFR-2, full returns, cement in place at 7:00 a.m. on November 2z, 1979. Cement 54'" casing.

November 23, 1979:

Depth 3000', 0', days 22, lost time 10 hours--1 finish cementing; 9 remove BOP's, land
casing with 35,000# on slips, clean mud tanks and remove MFSCO equipment.

RIG RELEASED NOVEMBER 22, 1979 at 4:00 p.m.

CASING REPORT

Landed 5%" OD, 15.5#, K~55, 8rd thd, ST&C casing at 2929.40" KBM, set with 225 sacks class
H cement treated with 2% calcium chloride and 0.6% CFR-2, full returns throughout, cement
in place at 7:00 ~.m. on November 22, 1979.



Whitmore Park Well No. 2
11-26-79: Rig up contract work over rig, shut down for night.

11-27-79: 1Installed 10" 3000 psi by 6" 3000 psi tubing spool, pressure tested primary and °
secondary seals, held OK, installed 6" 3000 psi double gate BOP with 2-3/8" pipe rams in
top and blind rams in bottom; rigged up OWP wire line and ran cement bond log from PBD 1764
KBM, good bond indicated behind Pengo completion system, picked up and ran 70 joints of
2-3/8", 4.6#, J-55, seal lock tubing, shut down for night.

11-28-79: Picked up 2~3/8" tubing and stood in derrick, picked up Pengo shifting tool and
ran in hole to 2675' KBM with 1 joint of tubing below shifting tool, swabbed well down to
2200' KBM, opened both Pengo sleeves, no indication of gas or water influx, made 2 swab runs
and recovered 1% barrels completion water, no gas, Echometer did not indicate any water
influx, shut down for night.

11-29-79: Checked fluid level with swab and echometer, no fluid entered wellbore over-
night, made 2 swab runs, recovered 2 barrels water, no gas, closed Pengo sleeves, pulled
tubing, picked up 4-3/4" bit and ram to 2905', rigged up power swivel, swivel would not
work, shut down for repairs.
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Whitmore Unit Well No. 1
API #: 43-007-30067 Wexpro Company, Operator
Lease No.: Fee
Projected depth: 2065' FNL, 601" FEL
3500' Mancos (WC) SE NE 17-125-11E., SLBM
Carbon County, Utah
Ground elevation 7561'

Drilling contractor: Arapahoe Drilling
SPUDDED AUGUST 31, 1981 at 7:30 p.m.

September 1, 1981:
Depth 120", 120", day 1, air, bit #1, 12%" cut 120' from 0' to 120' in 10% hours, lost
time 0 hours. Drilling.

September 2, 1981: .

Depth 130' 12%" hole, 116' 17" hole, 10', days 2, air, bit #1 retip cut 10' from 120' to
130" in 1 hour, bit #2, 17" reamed 116' from 0' to 116' in 8 hours, ran 3 joincts 13-3/8",
54.8#, K-55, 8rd thd, LT&C casing, landed at 115' CL, cemented with 135 sacks class H
cement treated with 3% calcium chloride, full returns while cementing, cement in place at
11:00 p.m. 9-1-8l1. WOC Pat Leech

September 22, 1981: . ..

Depth 270", '155', days 3, air 250 psi, 1800 cfm, table 60, wt on bit 10 tons, bit #1,
12-1/4" 322, EB-281 cut 155' from 115' to 270' in 9 hours, lost time 15 hours--6 nipple
up to drill with air; 3 pick up 8" drill collars, install rotating head; 6 drill cement
and shoe from 70' to 115'. Drilling with air. LEM

September 23, 1981:

Depth 680', 410', days 4, air 210 psi, 1800 cfm, table 65, wt on bit 10 tons, air, bit #1,
12" 322 EB-228 cut 410' from 270' to 680' in 23% hours, survey 310' 3/49, lost time 1/2
hour-~ survey. Drilling with air. LEM ~

September 24, 1981:

Depth 1004', 324', days 5, air 210, table 65, wt on bit 10 toms, air, bit #1, 12i" j22
EB-228 cut 324' from 680' to 1004' in 15% hours, survey 727' %°, lost time 8! hours--

1 survey; 1% repair air leak; ] rig service; 2 circulate; 2 trip out; 1 lay down 8" érill
collars. Waiting on casing crew. RPM

September 25, 1981:

Depth 1004', 0', days 6, lost time 24 hours--1 lay down 8" drill collars; 3 wait on casing
crews; 4% ran 23 jts 9-5/8", 36#, K-55, ST&C casing, landed at 964' KBM; 1) circulate with
rig pump; % cement with 600 sacks class H with 3% calcium chloride and %# per sack flocele:
6 WOC; 7% nipple up, returned 17 barrels slurry to surface. Nipple up. RPM

September 26, 1981:

Depth 973', 31', days 7, air 210, table 65, wt on bit 5 tons, air, bit #2, 8- 3/&" f3 BGK211
cut 31' from 942' to 973" in 3! hours, lost time 20%; hours--15! nipple up, pressure test
blind rams to 1000#, held OK; 3% pick up 8-3/4" bit and 6" drill collars, trip in with 1
stand drill pipe, pressure test pipe rams and casing to 1000 psi, held OK; 1) trip in hole
and tagged cement at 942', Drilling cement. RPM

September 27, 1981:
Depth 1163', 190", days 8, air 300 psi, table 60, wt on bit 8% tons, bit #2, 8-3/4" £3
BT-6211 cut 190' from 973" to 1163' in 10% hours, lost time 13!s hours--3 dry up hole;

1
s rig service and check BOP'sS: 10 frin Far micadfnm hooe .. - ea



Whitmore Unit Well No. 1

September 28, 1981:

Depth 1529', 367', days 9, air 300, table 60, wt on bit 8 tons, air, bit #2, 8-3/4" £3
BT-6211 cut 367' from 1162' to 1529' in 22 hours, survey 1600' 3/4°, lost time 2 hours--
1l survey; 1 repack swivel. Drilling with air. RPM

September 29, 1981:

Depth 1756', 227', days 10, pump 300, table 60, wt on bit 8 tons, bit #2, 8-3/4" f3 cut
227' from 1529' to 1756' in 17-3/4 hours, lost time 6% hours--]1 change flow line from #1
reserve pit to #2 pit; 1% trip out with 13 stands; 4 rig repairs, began making water at
1500', steady increase to 150 barrels per hour at 1756', will mud hole up. Rig shut down
for repairs, rotary drive out. RPM

September. 30, 1981: ,

Depth 1576', 0', days 11, pump 600, table 65, wt on bit 15 tons, mud wt 8.9, vis 45, bit #
8-3/4" £3 CA-6175, lost time 24 hours--3% repairs to rotary drdive; 4% trip out; 7% mix mud;
5 trip in hole; 1) displace water out with mud and wash 120' to bottom. Wash and ream to
bottom. RPM

October 1, 1981:

Depth 1756', 0', days 12, pump 600, table 65, wt on bit 5 tons, mud wt 8.6, vis 45, sand
trace, wl 13.6, fc 2/32, ph 11.5, solids 3, bit #3, 8-3/4" £3 CA-6175, lost time 24 hours--—
16! wash and clean £ill up from 1576' to 1756'; 7% repair swivel. Repair swivel. BPM

October 2, 1981:

Depth 1826', 70', days 13, pump 900, table 60, wt on bit 10 tons, mud wt 8.6, vis 35, sand
trace, wl 11.2, fc 2/32, ph 10, solids 3, bit #3, 8-3/4" £3 CA-7165 cut 70' from 1756' to
1826' in 7 hours, lost time 17 hours-—-14 repair swivel; 2 trip in hole; 1 wash and ream
240' to bottom. Drilling. RPM

October 3, 1981:

Depth 1928', 172', days 14, pump 550, table 70, wt on bit 10 tons, mud wt 8.7, vis 37, sand
3/4%, wl 10.8, fc 2/32, ph 10.5, solids 4, bit #3, 8-3/4" £3 DA-6175 cut 172' from 1756' to
1928' in 17 hours, lost time 7 hours--1 mud pump broke down, trip out into casing; 6 rig
new mud pump and unload drill collars., Rig new mud pump. JRG

October 4, 1981:
Depth 1928', 0', days 15, bit #3, 8-3/4" £3 CA-6175, lost time 2% lhours--24 rig up pumps
and rig repairs, change pump liners. JRG

October 5, 1981:

Depth 2064', 136, days 16, pump 700, table 60, wt on bit 15 tons, mud wt 8.7, vis 38, sand
%%, wl 10, fc 2/32, ph 10, solids 4, bit #3, 8-3/4" £3 BA~6175 cut 136' from 1928' to 2064'
in 8-3/4 hours, lost time 15% hours--3% pump repairs; 10% trip pick 6%" drill collars, lay
down 4%" drill collars, trip in hole; 1% trip into casing to change swivels. Change out
swivel. JRG.

October 6, 1981:

Depth 2215', 151', days 17, pump 650, table 60, wt on bit 15°ctons, mud wt 9.0, vis 41, sand
3/4%, w1 9, fc 2/32, ph 10.5, solids 5, bit #3, 8-3/4" £3 CA-6175 cut 151' from 2064' to
2215' in 9 hours, lost time 15 hours--l4 repairs, wait on swivel; 1 trip in. Drilling. JRG
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Whitmore Unit Well No. 1

October 7, 1981:

Depth 2381', 166', days 18, pump 650, table 70, wt on bit 15 tons, mud wt 8.9, vis 64, sand
3/4%, wl 9, fc 2/32, ph 10.5, solids 4, bit #3, 8-3/4" £3 CA-6175 cut 166' from 2215' to
2381' in 22! hours, lost time 1% hours--l clean mud pit; % rig service. Drilling. JRG

October 8, 1981:

Depch 2633', 252', days 19, pump 650, table 60, wt on bit 6 tons, mud wt 8.9, vis 64, sand
5%, wl 9, £c 2/32, ph 10.5, solids 4, bit #3, 8-3/4" £3 CA~-6175 cut 252" from 2381"' to
2633" in 21 hours, lost time 3 hours--% repair mud line; 2% change out swivel. Repairing
swivel., RPM

CASING REPORT KB 7568.00'

Landed 9-5/8" 0D, 36#, K-55, 8rd thd, ST&C casing at 964.68' KBM, set with 600 sacks of
regular H cement with 3% calcium chloride and %# flocele per sack, good returns throughout,
returned 17 barrels good cement to surface, cement in place September 24, 198l at 3:15 p.m.

October 9, 1981:

Depth 2717', 84', days 20, pump 650, table 65, wt on bit 16 tons, mud wt 8.8, vis 37, sand
%%, wl 6.6, fc 2/32, ph 11, solids 3, bit #3, 8-3/4" £3 CA-6175 cut 84' from 2633' to 2717'
in Il hours, lost time 13 hours--13 repairs to swivel and rotary drive bushings. Trip for
bit. RPM

October 10, 1981:

Depth 2871', 1:54', days 21, pump 750, table 60, wt on bit 16 tons, mud wt 8.8, vis 36,
sand trace, wl 6.6, fc 2/32, ph 11.5, solids 3, bit #4, 8-1/2" £2, BT-6848 cut 154"

from 2717' to 2871' in 10-1/2 hours, drilling time 10-1/2 hours, lost time 13-1/2 hours--
13-1/2 trip for bit., Drilling. RPM

October 11, 1981:

Depth 2958', 87', days 22, pump 750, table 60,-wt on bit 16 tons, mud wt 8.9, vis 37,
sand trace, wl 7.4, fc 2/32, ph 10.5, solids 4, bit #4, 8-1/2" £2, BT-8648 cut 87' from
2871 to 2958' in 10-3/4 hours, core head #1, 7-7/8" mc23, 9w2558 cut 0', drilling time
10-3/4 hours, lost time 13-1/4 hours--2 circulate, 2 repair rig motor, 9-1/4 trip. Trip
in with core barrel. RPM

October 12, 1981:

Depth 2980', 18', days 23, pump 800, table 60, wt on bit 10 tons, mud wt 9.0, vis 35,
sand 1/4%, w1l 6, fc 2/32, ph 9.5, solids 5, core head #1, 7-7/8" mc23, 9w2558 cut 18’
from 2962' to 2980' in 3 hours, survey 2-1/4° @ 2962', drilling time 3 hours, lost time
21 hours--10-1/2 trip core #1; 5-1/2 trip out with core #1, jammed; 1 lay down core {1,
18 foot recovery no coal; 4 trip in for core #2. Trip in core #2. RPM

October 13, 1981:

Depth 2997', 17', days 24, pump 750, table 60, wt on bit 9 tons, mud wt 8.9, vis 38,

sand 1/4%, wl 8.8, fc 2/32, ph 9.5, solids 4, core head #1, core #2, 7-7/8" mc23, 92558
cut 7' from 2980' to 2987' in 1-1/2 hours, core head #1, core #3, 7-7/8" mc23, 9w2558 cut
10" from 2987' to 2997' in 4-1/2 hours, drilling time 6 hours, lost time 18 hours--2-1/2
trip in core #2; 3/4 wash and ream 40'; 1-1/4 circulate; 5-1/2 trip out, core jammed,

cut 2980' to 2987', recovered 6-1/2'; 2 service core barrel; 3-1/2 repeir rig engine;
1-3/4 trip in; 3/4 circulate and start core #3. Cut core #3. RPM



Whitmore Unit Well No. 1

October 14, 1081:

Depth 3134', 137', days 25, pump 700, table 60, wt on bit 15 tons, mud wt 9.1, vis 39,
sand 1/4%, wl 8.8, fc 2/32, ph 9.5, solids 4, core head #1, core #3, 7-7/8" mc23, 9w2558
cut 16' from 2997' to 3013' in 3-1/4 hours, bit #5, 7-7/8" £3, CA-7462 cut 121' from
3013' to 3134' in 6-3/4 hours, drilling time 10 hours, lost time 14 hours--3-1/4 trip
out with core #3, cut 26', recovered 26'; 2 dump core and service barrel; 1-1/2 wait on
orders from Salt Lake; 6~1/2 pick up bit, shock sub, and trip in hole; 1/2 wash and ream
to bottom; 1/4 rig service. Trip. JRG

October 15, 1981:

Depth 3296', 162', days 26, pump 750, table 60, wt on bit 15 tons, mud wt 8.9, vis 37,
sand 1/4%, wl 8, fc 2/32, ph 10.5, solids &4, bit #5, 7-7/8" £3, CA-7462 cut 162' from
3134' to 3296' in 14-1/2 hours, bit #6, 7-7/8" £3, CA-4136 cut 0', drilling time 14-1/2
hours, lost time 9-1/2 hours--1/2 circulate sample, 1/2 rig service, 7 tripped for bit,
1-1/2 rig repair. Trip. JRG

October 16, 1981:

Depth 3459', 163', days 27, pump 850, table 55, wt on bit 15 tons, mud wt 8.9, vis 38,
sand 1/4%, wl 7.2, fc 2/32, ph 10.5, solids 4, bit #6, 7-7/8" £3, CA-4136 cut 163' from
3296" to 3459' in 16-1/2 hours, drilling time 16-1/2 hours, lost time 7~1/2 hours-~-
4-3/4 trip in, 2-1/2 ream 78' to bottom, 1/4 rig service. Drilling. JRG

October 17, 1981:

Depth 3715', 256', days 28, pump 800, table 55, wt on bit 15 tons, mud wt 8.9, vis 38,
sand 1/4%, wl 7.6, fc 2/32, ph 10, solids &4, bit #6, 7-7/8" £3, CA-4136 cut 256' from
3459' to 3715' in 23 hours, drilling time 23 hours, lost time 1 hour--3/4 circulate;
1/4 rig service. Circulate to log. JRG

October 18, 1981:

Depth 3771', 56', days 29, pump 750, table 55, wt on bit 12-1/2 tons, mud wt 9.0, vis 40,
sand 1/4%, w1l 5.8, fc 2/32, ph 11.5, solids 5, bit #6, 7-7/8" £3 circulating, bit #7,

7-7/8" £3, CA-9759 cut 56' from 3713' to 3771' in 6~1/4 hours, drilling time 6-1/4 hours,
lost time 17-3/4 hours--3 wait on orders; 2 trip out; 3-3/4 lay down four 6-1/2" drill colla:
and core barrel; 4 pick up shock tool and trip in; 2 ream 90'; 3 repair hook lock.

Drilling JRG

October 19, 1981:

Depth 3949', 178', days 30, pump 750, table 75, wt on bit 12-1/2 tons, mud wt 9.1, vis 40,
sand 1/4%, w1l 5, fc 2/32, ph 10.5, solids 4, bit #7, 7-7/8" £3, CA-9759 cut 178' from
3771' to 3949' in 23-1/2 hours, drilling time 23-1/2 hours, lost time 1/2 hour--1/2 rig
service and check BOPs., Drilling. MRS

October 20, 1981:

Depth 4062', 113', days 31, pump 750, table 55, wt on bit 15 tons, mud wt 9.0, vis 40,
sand trace, wl 6.6, fc 2/32, ph 10, solids 4, bit #7, 7-7/8" £3, CA-9759 cut 113' from
3949 to 4062' in 12 hours, drilling time 12 hours, lost time 12 hours--1/2 rig service,
check BOPs; 1 clean mud tanks; 2 circulate and condition hole; B8-1/2 trip out, SLM.
Rigging up to log. MRS
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Whitmore Unit Well No. 1

October 21, 1981:
Depth 4062', 0', days 32, mud wr 8.7, vis 38, sand trace, wl 7, fc 2/32, ph 10, solids 4,

bit #7 rerun, 7-7/8" £3, CA-9759 cut 0', lost time 24 hours--14 log; 10 trip, SLM, repair
air lines. Repair air lines to drum clutch. MRS

October 22, 1981:
Depth 4062', 0', days 33, lost time 24 hours--24 rig repairs to drum clutch. MRS

October 23, 1981:
Depth 4062', 0', days 34, lost time 24 hours--24 repair rig. MRS

October 24, 1981:

Depth 4076', 14', days 35, pump 750, table 60, wt on bit 12% tons, mud wt B.5, vis 28,

sand trace, wl 7, fc 2/32, ph 10, solids 2, bit #7, 7-7/8" £3 cut 14' from 4062' to 4076'
in 4 hours, lost time 20 hours--10 rig repair; 6-3/4 work stuck pipe 3440', spotted 80
barrels diesel, pipe came free; 3/4 finish trip in; 2% wash from 3985-4062'. Drilling. MRS

October 25, 1981:

Depth 4110', 34', days 36, pump 700, table 60, wt on bit 15 tons, mud wt 8.5, vis 52,

sand trace, wl 4, fc 2/32, ph 11, solids 2, bit #7, 7-7/8" £3 cut 34' from 4076' to 4110’
in 9% hours, lost time 25 hours--2 circulate; 12 lay down drill pipe; 1% rig to run casing.
Rig to run casing. MRS

October 26, 1981:

Depth 4110°', 2', days 37, lost time 24 hours--7% ran 102 jts 5%', 17#, K-55, 8rd thd, ST&C
casing, landed at 4081' KB, Pengo packers 3641-3655'; 1% circulate; 3 rig GO International,
ran correlation log; 2 circulate casing and set packers; 1 cement with 115 sacks Halco Lite
with 3% calcium chloride, good returns, bumped plug with 2100 psi, floats held, cement in
place at 9:00 p.m. 10-25-81; 9 set slips, clean pits, nipple down BOP's. MRS

RIG RELEASED OCTOBER 26, 1981 at 6:00 a.m.
CASING REPORT
Landed 54", 17#, K~55, 8rd thd, LT&C casing at 4109,15' KBM, Pengo tool at 3637.5' KBM,

set with 115 sacks Halco lite with 2% calcium chloride, good returns throughout, fleating
equipment held OK, cement in place October 25, 1981 ar 9:00 a.m.
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TABLE 6. Sequence log for Swabbing Tests on Whitmore

Park Well No. 2, November 28B-29, 1979,

Tine Action
11/28/79
11:00 am Ran 2%, ~inch tubing with Pengo shifting tool into hole. Pengo
casing previously spaced over Sunnyside coalbed and casing
cemented in place. Cement plug at bottom of casing still in
place.
12:00 pm Pengo ports closed. Swabbing water from closed well.
3:50 Shot echometer test on tubing prior to opening Pengo ports to
Sunnyside formation, water depth 1460 feet.
3:55 Opened ports to‘Sunnyside coalbed.
4:01 Echometer water depth 1450 feet.
4:03 " " 1440 feet.
4:30 " " 1440 feet.
4:31 » " 1430 feet.
4:40 " i 1460 feet.
4:40 Ran swab #1 in tubing. Water depth measured at 2060 feet.
4:44 Swabbed from 2640 feet, water observed at surface at 420 feet,
collected 37 gallons of water.
4:59 Swab #2 measured water depth at 1950 feet, swabbed from bottom
(2970 feet), collected 38 gallons of water; no more swabbing.
5:05 Echometer water depth measured at 1590 feet.
5:15 Echometer water depth measured at 1540 feet; closed in wellhead.
11-29-79
7:35 am Wellhead opened after being closed overnight; slight vacuum
noted, indicating no formation production.
7:37 Echometer water depth measured at 1550 feet.
7:40 Echometer water depth measured at 1550 feet.
8:00 Started swabbing, hit water at approximately 2200 feet.
8:12 Swabbed from bottom, collected 23 gallons of water.
8:30 Closed Pengo ports, coming out of well.



(Page 1 of 4)

TABLE 7. Sequence Log for Swabbing Tests on Whitmore

Park Well No. 2, December 5-6, 1979,

Time Action
12/5/79
7:50 am Open hole formation drilled out and left open since 3:30 pm on
11/4/79, with water at surface.
7:51 Shot echometer prior to running tubing in well, measured water
depth 407 feet.
7:52 Echometer repeat, measured water depth 417 feet.
8:02 Echometer repeat, measured water depth 412 feet.
8:10 Running tubing in well.
9:23 Tubing in well; annulus echometer shot, measured water depth
266 feet.
10:05 No swabbing; annulus echometer shot, measured water depth
286 feet.
10:23 No swabbing; annulus echometer shot, measured water depth
295 feet.
10:53 No swabbing; annulus echometer shot, measured water depth
281 feet.
10:54 Started first swab, hit water at 400 feet.
11:00 Bottom of swab at 2400 feet (upstroke begins); collected 275
gallons.
11:05 Started second swab, hit water at 300 feet.
11:10 Pulled swab from 2400 feet, collected 155 gallons.
11:16 Started third swab, hit water at 690 feet.
11:19 Annulus echometer shot, measured water depth 678 feet.
11:28 Pulled swab from 2970 feet, collected 150 gallons.
11:43 Started fourth swab, hit water =t 1180 feet.
11:47 Pulled swab from 2970 feet, collected 155 gallons.
11:55 Started fifth swab, hit water at 1450 feet.
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TABLE 7. {Continued)

Time Action

12/5/79

12:00 pm Pulled swab from 2970 feet, collected 140 gallons.

12:08 Started sixth swab, hit water at 1690 feet.

12:13 Pulled swab from 2970 feet, collected 100 gallons.

12:23 Annulus echometer shot, measured water depth 1170 feet. Started

seventh swab, hit water at 1800 feet.
12:34 Pulled swab from 2970 feet, collected 85 gallons.
12:43 Started eighth swab, hit water at 1800 feet.
12:45 Pulled swab froﬁ 2970 feet, collected 90 gallons.
12:56 Started ninth swab, hit water at 1800 feet.
12:58 Pulled swab from 2970 feet, collected 63 gallons; first gas
appears ahead of water; gas flared.

1:08 Started tenth swab, hit water at 1800 feet.

1:11 Pulled swab from 2970 feet, collected 59 gallons; gas flared.
1:20 Annulus echometer shot, measured water depth 1400 feet.

1:.31 " " 1370 feet.

1:50 " " 1330 feet.

2:00 Installed new swabbing cups.

2:06 Started eleventh swab, hit water at 1700 feet.

2:10 Pulled swab from 2970 feet, collected 132 gallons; gas flared.
2:20 Started twelfth swab, hit water at 1700 feet.

2:23 Pulled swab from 2970 feet, collected 100 gallons; gas flared.
2:31 Started thirteenth swab, hit water at 1820 feet.

2:33 Pulled swab from 2970 feet, collected 60 gallons; gas flared.
2:43 Started fourteenth swab, hit water at 1800 feet.

2:45 Pulled swab from 2970 feet, collected 40 gallons; gas flared.
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TABLE 7. (Continued)

Action

12/5/79
2:59 pm

3:00

3:10

3:12
3:20
3:21
3:41

3:46

3:49

3:50

3:57

Started fifteenth swab, hit water at 1800 feet; operater noted
water level not solid (gassy); felt solid at 2640 feet.

Pulled swab from 2970 feet, collected 37 gallons; gas flared.

Started sixteenth swab, hit water at 1800 feet; so0lid water noted
at 2400 feet.

Pulled swab from 2970 feet, collected 47 gallons; gas flared.
Opened line to gas meter.

Annulus echometer shot, measured water depth 1590 feet.

ILine to gas meter c¢losed, measured 2.75 cubic feet of gas.

Started seventeenth swab, hit water at 1950 feet; solid water
at 2400 feet.

Annulus echometer shot; remaining echometer shots taken just
prior to beginning to pull swab, measured water depth 1480 feet.

Pulled swab from 2970 feet, collected 65 gallons; gas flared.

Started eighteenth swab, hit water at 1950 feet; solid water at
2400 feet.

Annulus echometer shot, measured water depth 1560 feet; pulled
swab from 2970 feet, collected 55 gallons; gas flared.

Started nineteenth swab, hit water at 1950 feet; solid water at
2400 feet.

Annulus echometer shot, measured water depth 1590 feet.
Repeat annulus echometer shot, measured water depth 1580 feet.
Pulled swab from 2970 feet, collected 47 gallons; gas flared.

Started twentieth swab, hit water at 1950 feet; solid water at
2400 feet.

Annulus echometer shot, measured water depth 1600 feet.

Pulled swab from 2970 feet, collected 28 gallons; gas flared.
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TABLE 7. (Continued

Time Action
12/5/79
4:36 pm Started twenty~first swab, hit water at 1950 feet; solid water
at 240v feet.
4:39 Annnlus echometer shot, measured water depth 1620 feet.
4:40 pulled swab from 2970 feet, collected 42 gallons; gas flared.
4:49 Annulus echometer shot, measured water depth 1650 feet.
12/6/79
8:10 am Annulus echometer shot, measured water depth 756 feet.

Note: Total water swabbed from well was 45.8 barrels. Formation took 40
barrels while circulating after drilling out cement, plus some water
left in well above static water level.
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