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I. ABSTRACT 

In conjunction with the Advanced Energy Systems Division of Westinghouse 

Electric Corporation and the U.S. Department of Energy, Bethlehem Mines Corporation 

drilled a well near its Cambria Mine No. 32. The purpose of the well was to predrain gas 

from coal beds ahead of mining and to vent gob gas subsequent to mining through the 

well. 

The well was drilled, completed, tested and evaluated under the supervision of 

INTERCOMP. Fiberglass casing was set through all minable coal beds and the principal 

coal beds were completed and stimulated. Gas flows were measured and evaluated. Gas 

quality is good with 98.6% methane. 

Well evaluation showed abnormally low pressures and no water production. Well- 

head shut in pressure of only 26 psig was measured with the bottom completion at a 

depth of 900 feet. Extended deliverability is predicted to start at 20 Mcfld and decline 

to 8 Mcf/d over a five year period if the well is produced. 

The well design and completion procedures demonstrated at this well are signifi- 

cant because they allowed the same well to be used as a gas producer, to be mined 

through, and to be later used as a gob gas well. The use of the Hydrojet Tool to open the 

coal zones proved more effective and less expensive then perforating. 
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II. INTRODUCTION 

Bethlehem Mines Corporation has over the years developed a method for draining 

methane emissions from the caved region (gob) that is created behind long wall mining 

machinery. This method is to drill vent wells that produce the methane-air mixtures to 

the atmosphere. Heretofore, this mixture has not been considered as a resource for 

energy. However, the U.S. Department of Energy (DOE) now has an ongoing effort to 

demonstrate the capture and utilization of methane produced from coal beds. 

INTERCOMP has pioneered the research and completion technology necessary to 

predrain methane from coal beds. As a part of the overall DOE effort, a project was 

initiated by Westinghouse Electric Corporation to combine the INTERCOMP predrainage 

technology and Bethlehem’s gob drainage techniques with a gas turbine to generate 

electricity from a fuel that would vary from pure methane to a poor quality methane-air 

mixture. This demonstration project would require a turbine that would operate on a 

variety of fuel concentrations and a well that could be converted from gas production to 

gob gas drainage. 

This requirement led to special designs for both the production well and the turbine 

installation. This report deals only with the well design, completion, and evaluation. 

Unfortunately, the well deliverability is not high enough to sustain operation of the 

turbine and the utilization portion of th project has been terminated. 

The location of these well was in the immediate vicinity of Bethlehem’s Cambria 

Mine No. 32. The proximity to the mine entries is shown on Figure I. While the 

production well was completed in all four of the principal coal beds only one, the lower 

most is presently being mined at this location. Future plans call for mining the upper 

seams at a later time. 
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Ill. WELL DESIGN 

The design of the production well involved several constraints and trade offs. The 

objectives were to drill and complete a well that could accomodate three totally 

different objectives. First, the well must be capable of being completed as a gas 

production well including a stimulation treatment. This means al I components need a 

1500-2000 psi working pressure. 

Second, the well must be suitable for conversion to a gob drainage well. Bethlehem 

experience with gob drainage wells showed that rigid cement jobs presented problems 

when the mine roof collapsed after long wall mining. This is inconsistent with zone 

isolation and pressure requirements for completing multiple coal seams by hydraulic 

stimulation. 

Third, the miners should be able to mine through the well at several levels with no 

danger to men or machinery. 

Obviously, the Bethlehem developed procedure for gob gas wells was not sufficient. 

This procedure, is to set 8 inch I.D. casing with a chemical seal at about 400 feet and 

leave the remainder of the section open hole. Likewise, the use of standard oil field 

casing is unsuitable for either the second or third constraint. 

The final solution was to use 4 l/2 inch fiberglass casing through the coal seams 

with 4 l/2 inch steel casing above the coal seams. This configuration gives the pressure 

specifications at the surface. The fiberglass could easily be milled out to make a normal 

gob drainage hole; or if the well were to be mined through, the fiberglass would offer no 

resistance to the mining equipment that would be detrimental to the machinery or create 

a spark such as would be the case with steel pipe. 

It was believed that the well would require water removal equipment. For the 

depth involved the most economical installation was a submergible pump hung on 2 inch 

tubing. 
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The well as designed is shown on Figure 2. This design included cement only up 

about 100 feet on the steel casing. This was designed to prevent the rigid cement in the 

upper section which would allow movement of the section when the area caved after 

mining. Because of a caliper error by the logger, cement was actually circulated to 

surface. 

4 
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IV. FIELD ACTIVITIES 

The well, Behtlehem 32-13, was drilled as contracted by Bethlehem personnel in 

December, 1978. The coal seams were encountered as expected. Total depth was 980 

feet. The coal seam depths and thicknesses are shown on Table I. 
,, _^. 

Table I 
Coal Seams Encountered 

Bethlehem 32- I3 

Seam 

B 

C 

C’ 

D 

E 

Depth Seam Name 

092-98 Lower Ki ttann ing 

862-66 Middle Kittanning 

810-12 Upper Kittanning 

784-88 Lower Freeport 

694-98 Upper Freeport 

Operations were suspended through the winter because of bad weather and frozen 

ground. This prevented the installation of the security fence and excavation of the pit to 

hold water for the stimulation treatment. 

On April 4, 1979, a rig was moved in and total depth was found at 960 feet. 

Schlumberger ran a Compensated Formation Density Log with Gamma Ray Caliper and 

an Induction-Gamma Ray Log. Logger found the depth to be 962 feet. The logs verified 

the location of the coal seams. 

The next day, April 5, 1979, the following material was installed in the well: 4 l/2” 

8rd thread guide float shoe, a male 8rd thread to female 8v thread steel changeover, a 3 

ft long fiberglass 8v thread to 4 l/2” EUE 8rd thread nipple, a 4 l/2” EUE 8rd collar, 22 

jt (430 ft) of heavy duty fiberglass 4 l/2” EUE 8rd thread pipe (4.00” I.D., 4.7” O.D., 

5.75” O.D. upset), a 3 ft fiberglass nipple with 8v and 8rd EUE threads, 8v to 8rd steel 

changeover, I7 jt (504 ft) of 4 l/2” O.D. 8rd thread, 9.5 lb. per ft, K-55, range 2 casing. 

This casing string was set at 938 feet held in place with a 4 l/2 inch casing clamp. The 

hole was circulated with water and cemented with 80 sacks Haliburton light (I 2.7 lb/gal 
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slurry weight) and 230 sacks of 25/75 poz mix (14.3 lb/gal slurry weight). Cement 

circulated. The wiper plug was set in the float shoe at noon April 6, 1979. The float 

shoe held pressure and the job was complete. 

Because the pit would not hold water, the completion was delayed until a new 

plastic liner could be installed. This was completed and the pit filled with water by early 

June. 

On June 13, 1979, completion work was initiated. The procedure was to perforate 

the “B” seam and stimulate it, then pack the bottom of the hole with sand and repeat the 

sequence on the “C” seam. The well was logged by GO Wireline and perforated in the “B” 

seam. Unfortunately, after the perforation, it was impossible to pump into the 

formation. The zone was reperforated and we still could not pump into the formation. 

A Haliburton Hydrojet Tool was then run on 2 3/8’ O.D. tubing utilizing the tubing 

head and the zone 892-900 was cut with the Hydrojet Tool. The Haliburton Hydrojet 

Tool cuts pipe using a high pressure abrasive slurry, in this case 20-40 sand was used in a 

water slurry. This was pumped at high pressure (2000 psi) down tubing through nozzles in 

the tool and against the side of the pipe. The sand and cuttings are then circulated to 

the surface. In this case the cuttings consisted of fiberglass cuttings and coal. When 

cutting coal the circulated returns turn a black color from the fine coal particles. The 

result down hole is a vertical slot cut in the pipe extending several inches back into the 

coal seam. 

The zone was then immediately stimulated with 59,000 gal. of water and 20,000 

Ibs. of 20-40 sand. The fluid was pumped down the casing-tubing annulus at an average 

injection rate of I8 bpm at a pressure of I800 psig. 

The zone was packed with sand and the Hydrojet Tool raised to the “C” seam and 

the process repeated. Table 2 shows the intervals that were cut with the Hydrojet and 

summarizes the stimulation treatments. Appendix A includes detailed field notes of the 

operation as well as the Haliburton Treatment Report. The stimulation was completed 

on June 15, 1979. 
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Table 2 
Summary of Stimulation Treatments 

Bethlehem 32- I3 

Zone Fluid Volume 
ft. gal. 

892-900 59,000 

863-868 60,000 

784-790 54,000 

694-698 5 1,000 

Sand 
lb. 

20,000 

24,000 

23,800 

I 7,000 

Injection Injection 
Rate, Bpm Press. psig 

I8 1,800 

I8 2,200 

20 1,800 

I8 2,600 

The completion procedure as modified should be considered a technical break- 

through. Past experience has shown similar problems particularly with these Allegheny 

series of coal beds in the Appalachian Basin and to a lesser extent in other Basins. The 

Hydrojet procedure appears to solve the problem of connecting the wellbore to the coal 

formation. In addition, the procedure is very economical. When the Hydrojetting is done 

in conjunction with stimulation, the abrasive fluid (sand slurry) can be circulated through 

the blender that must be in place for fracturing services. This makes the charges for 

Hydrojetting less than perforating charges. This procedure is recommended for any 

future operations. 

The well was allowed to flow back until it died. The pack-off sand was cleaned 

from the well to a depth of 936 ft. using an air compressor circulating compressed air 

through tubing. The well was kept clear of water and debris by intermittently blowing 

the well with air for about 7 days at which time the well had ceased to produce water. 

An estimated 40% of the load water was recovered by June 22, 1979. The well has 

produced no measurable water since. Flow testing started on July 3, 1979. Flow rates of 

about 30 Mcf/d were observed. The data as recorded is shown on Figure 3. The data 

taken from July 6 through July I I is in error caused by a partially closed valve. It is 

believed that the real volumes are as shown by the dashed curve on Figure 3. The entire 

set of field notes is included as Appendix B. 

The well was flowed up the 4 l/2” casing to the atmosphere. No water was 

produced and the water level was checked daily through July 26, 1979. The level was 

consistently about 855-865 which indicates that only the C, D, and E seams were 

producing. The well was closed in until September 25, 1979, with a short term flow from 

August I through August 6. Water level was found at 910 feet or below all coal seams at 
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that time. A final flow period was started on September 25, and continued through 

October IS. This period was monitored with a continuous recording orifice well tester, 
rather than spot readings taken several times daily. 

Gas composition was monitored and results are shown on Table 3. 

Table 3 
Gas Composition 
Bethlehem 32- I3 

Sample Date 

Methane, CH4, mol% 

Nitrogen, N2 

Oxygen, O2 

Awn, Ar 

Carbon Dioxide, CO2 

Ethane, C2H6 

Water H20 

7/ I6179 

88.71 

9.18 

.78 

0. I4 

0.10 

0.08 

7/25/79 

98.58 

I.19 

0.12 

0.01 

0.07 

0.02 

The samples show an increase in methane content with time and a decrease in N2 

and O2 (air). It is believed that the air compressor actually injected air into the 

formation during the clean-up operation. As the air-methane mixture was produced, it 

became richer in methane and resulted in nearly pure methane when all the air had been 

produced. 

The pressures were monitored during the shut in periods and a maximum wellhead 

pressure of 26 psig was observed. This is abnormally low and coupled with the absence of 

any water production, makes this well unique to our experience. The pressure was 

measured with an accurate pressure guage and was measured hourly during the early 

portion of the shut in periods and daily late in the shut in periods. 
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It was anticipated that the pressure would be close to hydrostatic which would 

mean that the observed presssure should be about 390 psi at 900 feet. The abnormally 

low pressure may be a geologic phenomenon similar to some other areas in the 

Appalachian Basin, but more likely it is the result of drainage caused by the extensive 

mining in the area. 

During the early flow period, a technique was initiated to obtain more precise 

information on well performance. Since measurement of gas rates is difficult under the 

best of conditions, the well was shut in two hours daily and detailed pressure 

measurements were taken. The decline in these pressures taken at the same shut in 

times from day to day monitored the unsteady state flow characteristics of the well. 

These daily shut in pressures are shown in Appendix R. 

The decline in pressure during the two extended shut in times is also unusual. This 

could be interpreted as drainage from the well into the mine. However, if the well were 

draining into the mine directly, the shut in curve should never increase, pass through a 

maximum, and then decline. The best explanation is that during producing times all four 

coal seams are producing into the well. During shut in times, three layers produce into 

the well causing the pressure to build up. Then the well pressure is high enough to begin 

to produce into the lower seam at a small rate causing the decrease in the observed well 

pressure. 

The well was ultimately plugged on December 4, 1979. A volume of 18.5 bbl of 

cement slurry with a slurry weight of 14.2 lb/gal was used. The casing volume was 

approximately 15.2 bbl and after pumping the cement into the well, the well went on 

vacuum. Ultimately an additional four bbl of water was pumped into the well to fill the 

casing. This means that 7.3 bbl of cement was taken by the open zones. This is not 

unusual for zones that had been hydraulically stimulated, particularily when the 

formation is so low. 
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V. EVALUATION 

INTERCOMP’s Implicit Gas-Water Model with Adsorbed Gas Option was used to 

simulate the production rates during the flow test of this well. The objective was to 

predict future recovery rates. Little data was available on the coal from this well as no 

cores were taken. However, gas contents were measured in samples taken from the 

same coal seams about forty miles away. This data was used along with other estimated 

values which are normal to coal in this area to begin the simulation procedure. 

Because of the uncertainty of the rates during the initial production period and 

because of the unusual way in which the pressure decreased during the shut in periods, it 

was decided to simulate the production rate during the final production period 

(September 25 - October IS). During this period, a continuous recording orifice well 

tester was used. 

The model used assumed a single layer of coal I9 feet thick with a 640 foot 

fracture on both sides of the well. The assumed initial pressure was 36 psia, porosity of 

the coal was four percent (4%) and the permeability was 7.5 md. The gas in place was 

estimated to be approximately 39 cubic feet per ton or about I360 Mcf/acre. 

Figure 4 shows the actual production rate plotted with the simulation. A low 

fracture permeability was needed in the simulation to obtain this close agreement 

between actual and simulated production. This indicates that due to the soft coal, the 

fracture propant may have become imbedded in the coal. In the future, perhaps a 

smaller mesh (larger diameter) sand should be used in fracture treatments of this coal. 

Projection with this single layer model showed that the rate would gradually fall 

off to 8 MCFlday at the end of five years, giving an average rate of I4 MCFlday. The 

deliverability profile is shown on Figure 5. 

Because of the unusual decline in pressure during shut in periods, as already 

discussed, it is conceivable that the coal formations initially had a higher pressure and 

higher gas content than the above single layer mdoel showed. If this were true, other 

wells drilled in this area could produce at much higher rates than this well. 
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To investigate this possibility, the model was redesigned slightly but all of the 

basic parameters except two were unchanged. The I9 feet of coal was split into one I4 

foot layer, 1 I2 feet above a 5 foot layer. The bottom layer simulated the bottom coal 

seam (B). A well was put into the model in the last block of the 640 foot fracture. This 

well would simulate a leak into the existing mine due to the hydraulic fracture breaking 

into the mine. Since this part of the mine is inactive and inaccessible right now it is not 

possible to investigate this first hand. 

Using this new model configuration, the behavior of the well was simulated using a 

higher initial pressure and by varying the permeability of the fracture in the lower 5 foot 

zone. Figure 6 shows the results using a starting time of the beginning of fracturing on 

June 13, 1979. 

It can be seen by comparison with Figure 3 that the pressures are low even though 

the rates are a good match. The significant thing, however, is that the pressures during 

the shut in period of August 6 to September 25 increase to a maximum and then begin to 

fall off because of the leak. This simulated pressure fall off is a strong indication that 

there was a leak of this kind in the actual well. 

It is interesting to note from the model results that when the well is producing the 

leak off rate is smaller (~4 Mcf/d) than when the well is shut in (xl0 Mcf/d). This leads 

to the recommendation that the well should be placed on production as soon as possible, 

or else, temporarily plugged to prevent gas leakage from the three upper zones. 

This configuration is consistent with experience of Bethlehem Mines personnel who 

report that the “B” seam which is being mined is not at all gassy but that the upper 

seams produce gas into the gob area and hence into the mine after the roof collapse 

which comes with long wall mining. It is also consistent with the behavior of the water 

level in the production well. The water level was consistently above the “B” seam for 

the first several weeks of production. During the extended shut in period, the frac water 

was gradually forced into the “B” seam initiating the postulated leak. Subsequently, the 

water level stabilized at just below 900 feet or just below the “B” seam. 

I I 
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In retrospect, it would have been advisable to do some additional tests. First, the 

well should have been cored and gas content measured. Second, since the low pressure 

and lack of mobile water are the most anomolous features of the reservoir, a drill stem 

test may have detected these features. However, the ultimate result would have been 

the same. Finally, since the well produced no water, it would have been feasible to test 

the individual zones using straddle packers. These tests may have added to our 

knowledge, but would not have changed the outcome of the well. 

The only recommended improvement in the completion procedure would be to have 

a more certain zone isolation procedure. This could be accomplished in two ways. The 

easiest way would be to stimulate only one zone per day and let the well flow back 

completely after stimulation. This would allow the sand plug to pack more completely 
giving a better seal. The second method would be to space fiberglass pipe only across 

the coal seams and use the Halliburton baffles in steel pipe between zones. This latter 

method could preclude using the hydrojet perforation method. 
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VI. CONCLUSIONS AND RECOMMENDATIONS 

The field procedures and evaluation yield the following conclusions: 

0 The well will produce significant quantities of gas for a 5 year period. 

0 There is sufficient evidence to suspect leakage from the upper seams through 

the well into the mine. 

0 The area is characterized by extremely low pressure and an absence of 

mobile water, making this area anomolous with other degasification 

attempts. 

0 Well design and completion procedures were developed to accomodate 

multiple uses of the well. 

These conclusions result in the recommendation that the well be connected to gas 

market and flowed continuously. This would utilize the gas and probably pay for any 

add it iona I expense involved. Continuous flowing would minimize flow from the well into 

the mine. The leak could be eliminated by plugging the well if a gas market can’t be 

secured immediately. 

It is further recommended that the well design and completion procedures be made 

available to engineers who are designing other projects. 

13 
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WELL DESIGN-BETHLEHEM 32- 13 
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PRODUCTION HISTORY BETHLEHEM MINES 32-13 
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SIMULATION OF PRODUCTION RATE, BETHLEHEM DE GAS WELL No.32-I3 
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PROJECTED GAS RATES WITH SINGLE LAYER MODEL 
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SIMULATED LEAKAGE FROM FRACTURE INTO MINE 
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IMULATION AN0 PR 

September 13, 1979 

Mr. Ken Ancell 
INTERCDMP 
Suite 200 
1201 Dairy Ashford 
Houston, Texas 77079 

Re: Bethlehem Mine 
De Gas Project 

The Bethlehem mine project was abrasive jetted and fractured in four 
coal seams. Those present were: Don Weaver, Joe Wilcox, Bob Reed, 
Marty Patterson, and L. W. Sprague of Bethlehem Mines; Ray Malinchek, 
Bob Guiterrir, and Jim Savoy of Westinghouse; Dan Gilmore and Jerry 
Rennick of DOE; and Mike McKee and Don Kimnel of Halliburton. The 
analysis of the work is as below. 

The well was logged by Go Wireline Company. It was perforated from 
892 feet to 900 feet. Halliburton was hooked up, but could not pump 
into the formation. It was therefore decided to abrasive jet the coal. 
This proved to be the most sucessful way to handle the situation. 
However, in doing the abrasive jetting, it did create a change in plans 
of fracturing. Instead of fracturing down the 4%" casing, the coal was 
fractured down the annulus space between the 4+ and the 2 3/8" tubing. 
This only necesitated the chaining down of the 2 3/8" tubing. 

Attached is a clean copy of the notes made during the abrasive jetting 
and also a copy of my field notes on the fracturing of each coal seam. 
Below is a sunmmry of each tone fractured: 

zone No. staaes fluid vol.gals sand lbs. rate pressure 
892-900 3 59,000 20,000 18b/m @ 1800 psig. 
863-868 3 60,000 24,000 18 b/m Q 2200 psig. 
784-790 3 54,000 23,800 20 b/m @ 1800 psig. 
694-698 3 51,000 17,000 18 b/m @ 2600 psig. 

There was sufficient data gathered during the abrasive jetting and frac- 
turing to indicate that four coal seams were cut and fractured separately. 
The fracturing of each tone was conducted to extend the fracture out 1280 
feet in three direction. In the first fracture of coal seam 892-900 the 
evidence during the fracture indicates that this was accomplished. 

The tone 863-868 data shows that only two different fracture planes were 
created instead of the three, as desired. 

The zone 784-790 data indicates that only two fractures were created and 
that one was probably much longer than the 1280' desired. 

3604 Wentwood Dallas, Texas 75225 214-361-4704 
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Bethlehem Mines Project 
page two 

The third zone 694-698 indicates only one fracture plane opened and only 
someone else knows how far it went. 

All zones took sand and were propped. It could be that we need to use a 
different type of propant in the soft coal since the 20/40 sand probably 
became imbedded. 

Very truly yours, 

lz>qpJi&Lg 

Fred A. Skidmore, Jr. 

A-3 



Intexomp 
Nov. 1979 

A-4 



Intercomp 
Nov. 1979 

- -- -_. -- -- 

//a-/ CM ,’ - /-7-A c -i ---.. - - ti 
----- _---- -. .- 

A-S 



_ Jr, .-_- - . ‘. 

Intercomp 
Nov. 1979 

.Y.-- ..r. l-v” 

.I.* *.:l.<.. CIII r. 

�.I, l -..l .a .�. *.r.. .-...U I�. 

,,�I, . . ..I .K .C.. *-�II ---� I�. 

I-~ltl.� �AT. �U. nnr �U. R. .- 

CVC� nb. .*7 A. 

3.� ..L. T.-c. . ..*.�I. 

---- --- 8 I, 1 V 
l ��C.�**,.X. 

V / 

i -------g, 

.L.C.�*II... /I / I 

,.. ..I. T.IIL *cm ~.~...I*.*, 
I / 

I 

,\ 

z 

JOB DATA 

zg+fy= . CL”. I I 1. 
PERSONNEL AND SERihiE UNITS 

A-6 



-G.:, .:x-e 71 3L. 

Intercomp 
Nov. 1979 

A-J 



36’3 .:1.-e 773~.. 

Intercomp 
Nov. 1979 

I- -.- 

A-8 



Intercorq 
Nov. 1979 

1;: 
-- I - 
-1: I _. 
I -.- I. 
.- - 
.I: 

‘1 
-1 
-1. 

A-? 



Intercomp 
Nov. 1979 

4 ,I ,I... r I 

:. ‘. - 

- 

. . 

_---L-LA- 
1 I I 

-*--i--l- I --. 
----rl-- I _..- .--L--I--- # 

I I I 

.-. .- 

/ i ---F-f 
I- _. -__. -- -- I- --T 

- .- 
I -- 
I __. 
! 

A-10 



Intercomp 
Nov. 1979 

A-l I 



Intercomp 
Nov. 1979 

-’ i 
1 
I I I 

._’ . . . ..-- ie.-~l-n 

r-'l---I I .I __ .-.-. I iiII -1 _-_-. I I 1-i 
j--J / 1-1 

.--. I-_ ____ I 1 -L-I I r- I I I, 
I 7 - ___ !..--!-I __. .- I I I ’ .! ’ . - ._.I ..-.- --.!-- 

A-12 



Intercomp 
Nov. 1979 

APPENDIX 6 

Bethlehem 32- I3 

Flow Test Data 
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EBENSBURG WELL 32-13 5-DAY SHUT-IN TEST 

PRESSURE VERSUS TIME 

Date 

7/27/79 

7/28/79 

7/29/79 

7/30/79 

7/31/79 . 

8/l/79 

Time Accumulated Time, hrs. Pressure, psig 

9:00 am 0 0 

9:30 am 0.5 16.0 

1O:OO am 1.0 18.4 

lo:30 am 1.5 19.8 

11:OO am 2.0 20.5 

12:00 am 3.0 21.7 

1:00 pm 4.0 22.5 

2:00 pm 5.0 22.8 

3:00 pm 6.0 23.2 

4:00 pm 7.0 23.5 

8:D0 am 23.0 25.3 

4:oo pm 31.0 25.8 

8:00 am 47.0 26.2 

4:00 pm 55.0 26.2 

8:00 am 71.0 26.2 

4:00 pm 79.0 26.2 

8:OO am 95.0 25.9 

4:00 pm 103.0 25.9 

8:00 pm 119.0 25.9 

B-l 
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I. 

CH4 PRESSURE READINGS 

Date 

7/20 

7/23 

7/24 

7/25 

120 MINUTE TEST 

Minutes 

30 

30 
60 
90 
120 

iii 

1;: 

ii 

L 

Pressure 

17.6 

17.5 
19.8 
21.0 I 
21.4 ! 

16.9 
18.8 
20.1 
20.9 

17.0 
18.6 
20.0 
21.0 

B-2 
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Date 

7127 

l/20 

7129 

7130 

7131 

8/l 

012 

813 

016 

017 

B/b 

B/9 

8110 

a/13 

am 

e/15 

8/16 

8/17 

8120 

a/21 

0122 

8123 

8125 

w27 

8/28 

8/29 

8130 

8131 

9/4 

915 

9/b 

917 

9/10 

o/11 

9/12 

9/13 

9/14 

9/16 

9117 

9118 

9119 

9120 

9121 

9/24 

9/25 

lime 

8:OG a.m. 
4:DO p.m. 

8:OO a.m. 
4:OG p.m. 

8:OO a.m. 
4:OG p.m. 

8:OO a.m. 
4:oo p.m. 

8:00 a.m. 
4:00 p.m. 

6:OO a.m. 

12:OO a.m. 

2:30 p.m. 

2~20 p.m. 

8:OO a.m. 
4:00 p.m. 

8:OO a.m. 
4:00 p.m. 

8:00 a.m. 
4:00 p.m. 

8:00 a.m. 
4:00 p.m. 

8:00 a.m. 

8:OO a.m. 

8:00 a.m. 

8:00 a.m. 

6:OO a.m. 

8:OO a.m. 

8:00 a.m. 

8:00 a.m. 

8:00 a.m. 

8:00 a.m. 

8:OO l .al. 

8:00 a.m. 

8:00 a.m. 

8:00 a.m. 

8:00 a.~. 

8:00 a.m. 

8:00 a.m. 

8:OO a.m. 

8:00 a.m. 

8:OO a.m. 

8:oo a.m. 

8:OO r.n. 

8:00 a.m. 

8:00 a.m. 

8:OO a.m. 

8:OO a.m. 

8:00 a.m. 

8:OO a.m. 

8:00 a.m. 

8:00 a.m. 
a:00 l .Q. 

8:OO a.m. 

B-3 
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2:s 

25.3 
25.E 

26.2 
26.2 

26.2 
26.2 

25.9 
25.9 

25.1 

lE.3 

18.9 

le.9 

2Y.l 

23.2 
23.6 

23.8 
24.0 

24.0 
22.0 

23.0 

23.0 

22.9 

22.7 

22.6 

22.5 

22.4 

22.4 

22.3 

22.2 

22.0 

22.0 

22.0 

22.0 

21.9 

21.8 

21.8 

21.8 

21.7 

21.5 

21.5 

21.4 

21.4 

21.4 

21.2 

21.1 

21.1 

21.0 

21.0 

20.9 

20.9 

20.9 
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ORlFfCE WELL TESTER READINGS l/4" OISC BETHLEHEM MINE 32-13 

5 Oct. 6 Oct. - 7 Oct. a Oct. 9 Oct. 10 Oct. 
TIUE 
. Hg" 8p Hg" BP Hg" BP Hg" BP Hg" BP 

Y 1 
1:00 a.m. 

2:00 a.m. z-i Z:i ;*i 

9.0 9.0 

9.0 3:00 a.m. 9:2 9:1 9.1 9':: 

4:00 a.m. 9.0 E.8 5:00 a.m. 9.0 9:o i:: ;:1' %-i 
6:00 a.m. ,, , . 9.0 I " 9.0 I 9.2 , 9.1 I 9:1 I 

6.2 . . 6.2 
7~00 a.m. 
8:00 a.m. 
9:00 a.m. 
1O:OO a.m. 
11:00 a.m. 
12:00 a.m. 

1:OO p.m. 
2:oo p.m. 
3:00 p.m. 
4:00 p.m. 
5:00 p.m. 
6:00 p.m. 
7:00 p.m. 
8:00 p.m. 
9:oo p.m. 

9’:: 
;*i 
9:2 
9.2 

8:: 
9.2 

9'2 
9:2 
9.2 
9.2 
9.1 

i-8 
9:o 

X:8 
E 
9:2 
9.2 

ii-: 
9:2 

i-22 
. 9:2 

z-i 
9:o 

X:X 
9.0 

9.2 i:i 9.1 
9.2 6.2 6.2 9.1 6.2 
9.1 9.1 9.0 

9.1 9.1 ii*; 
9:1 

9'*8 
9.1 9:o 

;:1' 9.1 9.1 9.0 9.0 
9.2 9.1 9.0 
9.2 9.1 9.0 

;:; ;*'1 9.0 9.0 
9.1 9:1 9.0 

2 
9:o 

E 
9:o 

9'*8 
9:o 

Z:X 2. X:8 

11 Oct. 12 Oct. 13 Oct. 14 Oct. 15 tit:- 

H9” 8p Hg" BP Hg" BP Hg" BP Hg" ap 

9.01 II 9.1 I I 9.01 II a.9 I II 9. 

9.0 

z 
9:o 

E 
9:0 6.2 .2 
9.1 I 
9.1 I 
9.1 
9.1 

9.1 
9.1 
9.1 
9.1 
9.1 
9.1 

3-i 
9:o 

9.1 
9.1 

9.1 
9.1 
9.2 
9.2 
9.2 

Date CH4 Ft3D.w Time 

5 Oct. 20,612 8:00 a.m. 
6 Oct. 20,277 9:00 a.m. 
7 Oct. 20,277 El:00 a.m. 
a Oct. 20,501 8:00 a.m. 
9 Oct. 20,390 8:00 a.m. 
0 Oct. 20,390 8:00 a.m. 
1 Oct. 20.277 l3:OO a.m. 
2 Oct. 20.390 8:OO a.m. 
3 Oct. 20,277 8:00 a.m. 
4 Oct. 20.164 8:00 a.m. 
5 Oct. 20,277 8:00 a.m. 

X:X 
x-i 60 
t:: 

Q, M ft3/Day n Fg fm YAP. F20" x PSIi 

.Fg l 1.3131 

Fm - .305 

AP H20n = Hg" x lj.6085 

PSIA = 14.73 + PSIG (BP) 



FLOh' RATE ORIFICE WELL TES##= "7%' 

150 

140 

130 

120 J 

110 

100 

90 
u 
2 
2 80 

g - 
L 

70 

60 

50 

40 

3c 

2c 

1c 

( I I 
0 10 20 30 40 50 

Tester Pressure, Hg" 

. .&f/d = Fg Fm JAP, I 'H20 x P, psia 

R 
= .305, l/4" Orifice 
= .682, l/8" Orifice 

Fg = 1.3131 
!pecific r o 58 
Gravity ' 
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GAS RATE - SPECIFIC GRAVITY - 0.58 (Air=l) ATM. PRESSURE 14.4 PSIA 

Orifice Pressure Readiny 
Size 
Inches In Hg 

l/4 2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

30 

40 

50 

Psi D-!$D Psia (Static) l/4" y”” 

.9E 27.2 15.4 8,195 1e,334 

1.96 54.4 16.4 11,961 26,759 

2.95 81.7 17.4 15,098 33,777 

3.92 108.9 18.3 17,876 39,992 

4.91 136.1 19.3 20,523 45,913 

5.89 163.3 20.3 23,056 51,581 

6.88 190.5 21.3 25,508 57,066 

7.86 217.7 22.3 27,901 62,424 

8.84 244.9 23.2 30,184 67,527 

9.82 272.2 24.2 32,501 72,711 

14.74 408.3 29.1 43,650 97,653 

19.65 544.4 34.1 54,562 122,066 

24.55 680.4 39.0 65,232 145,936 

Orifice 
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